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“1- 0 WAFER TRANSFER APPARATUS AND METHOD
: BACKGRClJND AND SUMVARY - OF THE | N\/EI\FI'I ON The pre el?&PLAC\/EMrﬁ'fT SHEET
relates to a seniconductor wafer ~transfer ?parat us a %aqgtﬁt)ﬁ mmwaf;er
processing system - The present invention Is*particula Yol Yol fﬁﬂtﬁ.dﬂ
arrangements for m ni mwmtmsmnmpmﬁg.tmtmm METopar ea of the wafer
: processi ng system so as to mnimze the area of a clean roomeven for
increased wafer sizes. The present invention also relates to. wafer

transfer arrangenents m n| m2| ng the nurrber of fore| gn ‘matters adheri ng to
a waf er during processBAGKE] ! S : :Je INVENTEZON-r transfer '
met hod of wafer processing systens, starting Wwith the state i n which _

- wafers are storedin a cassette with their surfaces horizontal, the vvafer .

is placed on awafer transfer ar rLﬁ? wafer surface horizontal
“wafer is transf&PrePTITH B‘éggﬁtancﬁ:f z: o Ael \/%?m’rcfort%“%toﬂlat"éfe
processing Q hdety %%gaé{tﬁaéﬁ%ﬁ meEntAl 5868, ffE%f p#céém
er.

.Durlngtheaove St surface is kept orlzon% I'n prlor art'
ar r angenenpsesenEOinveXBIBHE § sApWetebul au! Hakectsd! Eawatar hedahgbiBARs
chanbers (e.g., transfer chamber and processing chamber) by a transfer arm
having j ol ibg, minikitiag \wifee ' fustipatm tvai iMstaldd tion zyudalof Mlie€owaEera
cassette for storing a plurality of wafers, -transferring the wafers to
‘anot her ppooeessihngagpSten U alsdtboamxtglzae:he areahef appdearnusors piraned
on wafer- | oading and unl oadi ng sections so that the wafer surfaces_are

hori zont al foFhisczeased: wafer Ragedn adbanPx§seRhainvenkiensalsy Felatedoes

not. act on the g/afer and_a wafer transfer
to wa transfer arrangements m:l.nJ.mJ.zJ.ng the number of foreign

matters adhering to a wafer dur:.ng pr_ocessmg thereof.

In general, in wafer tra_n.s.fe_r me_tho_d of wafer precessing
systems, starting with the.state_ in whic_h wafers are stored in |
a cassette with their surfaces herizontal, the wafer is placed

| _on a wafer transfer arm with the wafer surface horizontal, the
wafer is transferred to a proc_essing chamber '_ to deliver it to a
wafer processing holder, and the wafer is unloaded after it is
processed. During the above step's, the wafer snrfaee is kept

 horizontal in pr;i.or _art arrangements. For example, a ‘wafer
substrate is transferred_betvieen chambers (e.g., transfer chamber
and processing chamber) by a _transfer' arm navin:g' joints, with the
wafer surface maintained herizontal Moreover, a cassette for
stor:.ng a plural:.ty of wafers, transferring the wafers to another
processing apparatus and load:.ng them J.n the apparatus 1s placed
on wafer load:.ng and unload:.ng sections so that the wafer
surfaces are _hor:Lzont_al. This constitution has an advantage that

unnecessary force does not act on the wafer and a wafer transfer



-2- mechanismis also sinplified because the gravity can EEHMWENTME&T f
the wafer. However, these arrangenents have a problemi t hg 5 MAR 1396
~i'nstallation area of the appar at us increasgs_proportion- Qﬁﬂey t+-o-t-he- M.afer

size as the-wafer size increases. ' S. Patent -
a system wéchanismi ig alm|m1med)§oecmmmmmmalmtm zamBbel gBkeag ta
waf er foll owed by viashing. Referring to Figure 2 of this patent, the . :
transfer baldpEBecYafay- of HoWevens etgesecargamﬂemenﬁau h@uenangrbbéewaﬁars

in.a horizo taI I_Eé)sltl aﬁ- U S. Patent 4,565,601 discloses a systemwth
a hori zont 5R2 lﬁ&P&Pn@”%ﬁ %ﬁéﬁeﬁpﬁfws (EeFEAEeF BreBArF&PN -

usi ng cool As_an which the wafer surface is
not hori zoér‘l g’(v‘@% %hver?‘f%ﬁls%? e é} aef[ed: tHESNAPEF T Pace i s

- horizontal), U 'S Patent No. 4,743,570 discloses the nethod- in which waf e er
pre-processi ng and processing chanbers are provided on substan- tially the
sane plane and yader Dafehd I 8n90er,ved Wi s814864 1 @l |y scdhyi BE f{-@ﬁ};@hﬁ&‘oef- |
- to chanber with their surface vertical. In. this method, it is haro _
necessary tesidlmbas@rrdsmwe)pmmmmdssbyepllast_nheewahﬁ:hgt ai QkﬁesSfdiieﬁéaon
even if the wafer diameter increases. However, because it is necessary to
i ncrease the washingi orRefigraning ef é'rlgplr@césgifnghcaaMEentn aheotrlmséem th'

the wafer S|ze in the wafer surface, the overall size. of the sgstem
the verti cHid REARESHAR 2L §her GRERFS REFYRS wWhiliee mriBRFRABANTOF 9h@aﬁ@xer

si ze. Parlin Cgl_%gﬁzon\ggin ptohs%.t%%nl.l ngUh§| ggat:entt q 565, 601 discloses a

system with a horizontal wafer and a holding arrangement with

| temperature control using cooling water.

As an example in which the wafer surface is not horizontal
but vert:.cal (the normal to the wafer surface is horizontal),
U.s. Patent: No. 4,743,570 dJ.scloses the method in which wafer :

' 'pre-processing and processihg chambers are provided on substan'-
tially the same plane and wafers are transferred while vertically
moving from chamber to chamber w:.th t:he:.r surface vert:.cal In
this method, it is hardly necessary to increase the apparatus
size in the wafer thickness direction even if the wafer diameter
increases. I-Iowever, because it is necessary to increase the
"dimensions of the wafer processz.ng chamber in accordance with the
wafer size in the wafer-surface, the overall size of the system
in the vert:.cal plane lncreases proport:l.onally to the increase -
of the .wafer size. Part:.cularly, §when the ceiling he:.ght of the.'
clean room is limited, the apparatus cannot be st_:ored in the

clean room in the future if the wafer size will increase.
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_ i REPLACEMENT SHEET
clean roomis limted, the apparatus cannot be stored injthe _clean room.i
the future if the wafer size will increase. r] Date :2..5. MAR..1996.....
- 3- The .sem conductor wafer size has_bgen gradual | y=Frereas+ng -

Therefore, the size of a wafer processing apparatus has al so been steadily -
i ncreasi ng. MTaeveemicbndyht8t wakdersize hagopebargradusl kgeiricredsing.
considered that 12" and 16" wafers will be used in the future. |In this _
case, if wiherefore,tthasiize @f @i vaferiprocessing épparatiusohasl alsbebesdrze
of the wafer processing apparatus also increases as the wafer area _
~increases. stepgilyeingpeasingecaiQEeovere thpneh 8'arvwafers ane popular at

8lerr]:12[err]:16[err] . (inch).=1:2.25 .4, the foatprint of the apparatus for
16" wafers Prﬁ]é'f?n&'vd‘léué'sf &W%‘fiﬁé‘?ég% Jé a?"%h oﬁﬁe%wéﬁeag’ﬁar‘hﬁ%.
Thi s val ue,i s practi y upac ecadise. i I e __camplete
renodel i ng i dHe %}éé%é,r oorenﬁs%%t&htsgtga&é;' i%e‘g%ﬂ%w#gg &?%ésgfg‘ggﬁ%r @&fﬁh o
greatly i ngheagesgydihdd dehdyQ 260Rel, Usthe 251 28X GEIHK Ak @r"‘@%‘.%’c‘essin
processing Iitne, and the investnent may not be recovered dependi ng on t%e
speed of geppa@htdB GAEEWEincreases lds i §han wilfeiCt apbat HadreRsd.  For
invention to provide a wafer transfer nmethod and a wafer transfer

appar at us kexampileyentbagatbse . itiseal lvafiean ameaaof mawvbber s ocersilnd:16?
apparatus fromincreasing due to the increase of the wafer dianeter and-
noreover pridnehl =ag2.RResar heofookprintartr 66, apparatusoforoiléd wefmrs
processi ng. apparatus fromincreasi ng. - Because wafers are .
‘transf er r eB38r 2 V3LuLs EFUFI tHMCReAS laFOLa28s tRSLi PEnBal WALRE FPRATHEUshe |

_ 'y\/af er proc;giisngailggaggt bjgactica_ll'y.unacce'pt_a.ble because it would require
_'éomplete_ r'etﬁodeling of the clean room so that the :'ini}estment fo?
. the clean room greétly‘ "increases in order to c':onst_;tucﬁt a
next-g'e'ner'ation wafer p‘roceséing line, ahd the investment may not

be recbvered.-depending_ on 't:_he speed of gén‘erati_on change.

it is aﬁ object; of the prgsent inv_ention i;o provide a wafer
trén_sfer method and é wafer transfer apparatus for preventing the
iristali_ation_ area of a wafer préi:eséing apparatus from increaéing
~due to the increaée of ﬁhe wafe_r diameter and moreover preven'tiné
the area of the clean room and t;hé cost of a wafer procé.ssing

apparatus from increasing.

Because wafers az_'e. tranéf'erred or précessed with their

. surfaces horiz-ontal, the. aféa of the wafer processing apparatus
(area of the- procesing apparatus projected to the floor;
fobtpri_nt) increases. as the. diameter of the wafers (wafer area_t).

increases. Wafers are usually transferred and processed with



(aréa-of t he processing apparatus projected to the flcorv- ot ===
i ncreases as the dianeter of the wafers (mafer area) in@FgQQQEMEﬁ%Eggig_

;are usually transferred.and processed with .
REPLACEMENT SHEET -4 - -4 - || PAteir-2sDrMAR J9S6.

ol aci ng haFoPusaath HenidHiar 58caiah ki, RS Benal 5 ARS8 er

Wt houl SFELLhIdahEe Bl 1 1£ 0l 6y IR L AnbA U SRR NG 3T o

menbers ehgaging the warer sur rocessed.

y

nmenber i§ hOEgeaga8YvieE EBChRAAEESERE éHEE%CQiEﬁo#i?es&@ﬁﬁﬁnﬁr thBe4eles is

mechani cal |y secUred or: held, foreign matters -may frequent

from t hergoghach igeTdern@ndl fieg "BEHRREC Y eiritict Tuthedd éﬁgaaiﬁso the

preferable to transfer wafers with their surface -vertical iI.n"view

prevent iwafet farrfigre mebt dse forevendert. ng If osbhe \ebetast! edser is

Hol di ng of wafers in a vertical orienta- tion by mechanical holding

devi ces newessasysbor thetpicessdd rsurfacmehdheana fereef che pafert ial |y

contam nating the surface to be processed. : If wafers can be

t ransf ermechanieal hyi gecuredces heidi clpreignemabbepsi mayofraqueheily be
processing apparatus can be small and kept unchanged regardl ess of the

“waf er siBEedy¢eqd LpPmtheroptackaankey 91, theaperdanicgloholder!.i k8hus
Wi t hout contact with the rogce :
v or whtt cWPHLd B8 cPTeEPFaBLe; Lo danAhaT (UPLeRE ¥aktemlionkishy are
' possi b ase the amount _of forei
]

. TSt | epe ‘
Tt ter AUHRTTRGL (bR FheWLPErPESrRRELaR SR ESEREan frafiged roqm Safiefing

. to the wafer surfaces. Holding of wafers in a vertical orienta-

tion by mechanical holding devices involves some contact members

engaging, and therefore potentially contaminating the surface to

bé'prdcesséd;

If wafers can be trénsferfed with their surfaces vertical,
the foqtpxiht of a wafer proceSSing apparatus can be small and
kept ﬁnchaﬁged regardlésé of the wafe: sizé. If a.wafet cah be
secured to a transfer jig or the like withdut;cohtact with the
processed surface or the outér periphery of the wafer while the
wafer surface_is kept vertiéai, as contemplated by the préSent
invention, it is_possible tb decrease the amount of fofeign'
matte: adhering to the wafer surface. The preseﬁt invention
advantageously uées electrcstatic attraction for holding.the
wafers in a vé;tical orientation and fof'maintaining the vertical
Orientation during tfansfer and_processing.operations.' Because
in the case of electrostatic attraction the back of a wafér can

be attracted and held, no scratches due to éontact are produced

y~be producCed

ssed surface or %he outer periphery of the



advant ageously uses el ectrostatic attraction for holdin :
verti Calg ori e%t ation and for maintaining the vertical A&%ﬁ“it?r’%ﬁ
tfansfer and processing operations. Because in the ca M&m
attractioon the back of a wafer can be &t t}acted.and hel no Qr*r Mol
to cont aconartheprwdfierd surface to be processed and no forefgn aatder
waf er surface to be processed and no foreign matter - adheres to that wafer
surface. adhéresfdcoe, thae saenr cﬁ%léiaq,e at mh@maf@rresysml&dedEctthm&tsmt
invention are quite advanta- eous. . The thickness of a wafer is
smal | con%@'ﬁééct:éoﬂhQYGtém Qfg tdie presanstinyentiorarexaupte, adveataf
the wafer dianeter increases from8 inches to 16 inches, and the wafer

t hi ckness9®@%8o0 i ncreases according to the increase of the wafer di aneter,
the wafer thickness becones 1 to 2 nmat nost. Therefore, it is
unnecessary to consider the increase of the wafer dianeter for the

Lo Pt o orhEBRESkngus! 8B LN HBLEN1NALGLT: ALEnkERLa ¥E! ggga'%gg@ por ed

to the increase of a transt

ransTer g Wi LUEkE:SURI 2CCBox iG] - oy U oot nal N A o0kt QELOLLE
a

attracti on does not require t strent of the attracte SUF ace I'n

accor dancgncybhbesNersh? @ qfnérk@s veéeis aRdhkle \WRLet HANydEe Al Ehﬁ&kﬁessnd
held only by the contact of an electrostatic chucki ng device with a part

of the bagke®fihbpetBéSl accdPQLAGOLE, thBCiRbLELE8SHA tBe WAELRCHIOReLER) be
used without special consideration even if the -diameter of the wafer :
i ncr easesthe Waet hechickme dabecahestl o St iat mbseki nghéeetﬁoeeor ideyices
can be used for different size '

unnecessary to cons:.der the increase of the wafer diameter for '

the footprlnt of a -tz_'ans_fer system in which wafers are kept
' vertical, compared to the increase of the footprint of a transfer
system in which v}afers are translfe_r.red' with their surfaces
hor’izon_tai. . Moreover, the electrostatic attraction does not
require the adjustment of the attracted surface in accordance
 with the size of the wefer, and the wafer can be attra.cteci and
held only by the contact of an ele-ct_:'ro_sta'tic chucking device with
a part of the back of the wafer. _Thei'efore, the .elect;'o_static '
attraction.can be used without spe_cial sonsideration even if the
diameter of the wafer increases. Thus the'same basic electro'— )
static chucking dev1ce or. dev1ces can be used for dlfferent: size
wafers. The use of electrostat:lc attractlon is also advantageous
in that the system can operate _to hold the wa_fers.under vacuum . -
conditions that. exist in the wafer prbcessing and transfer'

stations.



waf ers. The use of electrostatic attraction is al so ad REPBAGEMENT SREED
the system can operate to hold the wafers under .vacuu conditions that
exi st in the wafer processing and transfer . stations. Datez;.ﬂ.MAjR...m ..... '
-6- - Other objects, advantages and _noveq_ features : : S

i nvention will @é@sﬁwbmatef\ta lvapkages fand aaved §eabired oficthe innesenof

t he invention when Consider’ed in conjunction with_ the_ acconpanying - _ o
drawi ngs. invention will deqomenr peReN (3OMrHENBRASQ Ngwing qggfgﬁjr]eeq |

prefor e Braan:BEARR.PE HE AARANS! vkl Behdiharea 1n SRLART G0

Il lustrati 0 - al. Lo l I npl-ant - er; Figure 3 is a
schemati c gggt'%gggﬁg\%}&g\?vhgf ag%w%ﬁggt’rost atic. =~ -attraction section of a
‘waf er chucki ng device constructed: according to a preferred enbodi nent
of the present inven- “tion and usable with the ion inplanter system of
Fi gure 1; Fi gure 4 BRIPF{DESCREPNEOMIOE THE \DRAWI ansfer arm _
assenbly of the wafer chucking and transfer systemof =~ - Figures 1 and 3;
Figure 5 is a sthgnumeit islamstiddustragfionapéraneldwdmplantensicogstauct -
transfer systemwith two electrostatic . wafer - :  chucking devices S
arranged accor deflg aeFEPNT efPe P ePBEferred embodiment of the present
invention; ' '

Figure 2 is an illustration of a conventional ion implant-

er;

Figure 3 is a schematic sectional view of an electrostatic
attraction section of a wafer chucking device donstméted
: é.c_cording to a preferred embodiment of the present inven-

. tion and usable with the ion implanter system of Figure' i;

Figure 4 is a front schematic view of a transfer arm
assembly of the wafer 'chucking and transfer éystem of

Figures 1 and 3;

Figure 5 is a schematic ill_t_ist:a't_ion of wafer delivery
using é tréns_fér system with two éleé:trost:;t_tic wafer
chucking devices arfgnged according to a preferred embodi-

' ment of the present invention;



ment of the present invention; . REPLACEMENT SHEET
-REPLACEMENT SHEET Figure 6 is a schematic illu rati?nsﬁnﬂnﬁ thg
position - of the chucking devices of -the system of| Patguies ;-ahtr 3
5, show ng wafer delivery using. the tran§T3%’éysten1of e present
i nventi on; Figufeqlr ¢s7ai schemahénntiliustirasiont showihgWwtRe powdakébn
bei ng taken out of a cassette with an electrostatic.chucking
transfer systenpficthe diucking deviceseof theesysbem of Figurds qur endl 3s-an
il lustration show ng a strain. sensor, previd- ed for the transfer arm
of Figure 7; and5. Showing yafem ded iyesycupbnd| the Heransten sywtemoritnghe
anot her preferred, enbodj nent of an electrostatic wafer -hol der for
use in a pl asmePEERRAThgPYBRELD DETAI LED DESCRI PTI ON OF
THE DRAW NGS Figure. 1 shows an application exanple of the present.
i nvention, which is an ion inplanter. It is a matter of course that
simlar resul t spganrbey0bs 3k NRch&yA dhaN Jdie taba shBL26§SS! ResEhaBlehy! S
‘not an ion inplantation chanber but -a sputtering apparatus, etching ~
apparatus, or tikéil' u® HfiJa YHEHAIHES with an |dlditbbstabic WBHGkingi S
made of silicon and boron, phosphorus, arsenic, antinony, or the like Is
i npl anted i nto thansfer system according to the present invention; o

Figure 8 is an illustration showing a strain sensor provid-

ed:for'the tfansfer'arm of Figure 7; and

Figure 9 is a sectional schémat'ic_. view showing anothe'r-
preferred emquiment of an eleCtrbstatic Wafe;'holder fof
use iﬁ a plasma etching brocess.

Figure 1 shows an épplicatibn example of the present
invention, which is an ion implanter. It is a matter of course
that similar results .cah'.be _obtainéd ‘even when the Jwafer
processing chamber is not aﬁ ion'implantation chamber but a
sputtering apparatus, etching ,éppératus, or film _forming

apparétus.

In Figure 1, a wafer 1 is made of silicon and boron,
phosphorus, arsenic, antimgﬁy, or the'iike_is implanted into the
wafer 1 as dopant ions. These ions are produced by an ion source

2, impurity elements are removed by a mass spectrometry section

-



wafer 1 as dopant ions. These ions are produced by an Il REPLACEMENT SHEET "
inpurity etements are renoved by a mass spectronetry s tlon@Zé{HA& ‘l
mtu e

-8- 3, a predeterm ned energy is given to the ions by

4, and the ions are inplanted into the sur8ace of the

waf er hol di hg alpriedeterpiaeddenergy ol vafimenptocelssiians blyaaheacﬁelermtiﬂngs
case, ‘to uniformy inplant ions into each portion of the wafer 1, the
“wafer 1 rmaythke rbt ans the ﬁmedarenmplm intos tdwe gumipget 6 bed ewafer
hol di ng device 6. To eff|C|en ant _a | ot of

a wafer trahdredd ?Ys?e‘ﬁ? ¢5h9 9\ I’ré’%f%’?milc??ﬂ dn ﬁewﬂ\ﬁ?érpxiﬁmmg

harb her eaf I,
Co be undctRet (hac fRo tﬂé%m%%%%rte e %%sm{iﬁ Anpiapfor GrE, dico eact
support ed b fHPYL 2 &HFQraf %!&gnd&‘f@r @&g}?%dl $NRYGe4T The

exanpl e of "a so-cal e waf er proce55| ng |n wh P&rsS are

| oaded and p{fnessaé H&:.Rr@ﬁ byt RE W PEEH NHb1iHYP AevicBNE, DYTONSsF i
in the case of - batch wafer processing in which a pl urallty of wafers are

si mul t aneouistpl weedsar of ionsafietoptheenateg Lhaabeifenirater tdy%tem

ions into the wafer 1, . -

necessary floor area of the apparatus increases but also it is technically

nmore diffi cidxt lcmdmg g ewafemd tintodrhensafide pricesaihg lehavifear 6 to
driving systemin a wafer processing system capabl e of dealing with the
i ncrease ofPIRGRES oﬁ‘%\m‘%rtféﬁr%ﬁfcﬁf YHeadings divt i mpsesisery-ai it is to.

-Therefore, , the _sin fer roce55|n as sho in Figure_ 1 is
i nport ant R HRIRRS Qﬁd gﬁ?‘%rﬁ% dFﬁﬁ'ﬁte %’gﬁﬁsEPng §9§1’-€ﬁ’ﬂ layer

supported on a substrate such. as aluminum.

'Figure 1 ahbwa' an example of a eo-called single wafer
,processing in which Wafers 1 'ar'e loaded. and proceased in theﬁl
wafer loadz.ng chamber S one by one. waever, 'in' the case' of
'batch wafer process:.ng :Ln wh:Lch a plurallty of wafers are
s;multaneously processed in a wafer process:.ng chamber, not only
the necessary floor area of the apparatus increases but also it
is techn:.cally more difficult to hold wafer and to increase the
_ size of the wafer driviug system in a wafer prot:essiug_ system
' capabl'e of deali:.xg. with the _iucrease of wafer diameter at w.hich
the  present invention aims. Therefére, the single wafer
_processing as shown in F:.gure 1l is an lmportant techn:.que for a

_large -diameter wafer processzng system.

If a wafer 1 of large 'diame,ter' is .transferred'with its
surface horizontal, a system with similar_process'ing features as

t:_hat of Figure 1 has a consti'tuti.on_' as _schematical_ly shown in



If a wafer 1 of large dianeter is transferred with its REPLACEMENITSHEETL
a systen1MAth simlar processing features as. that of i gur :
.constitution as schematically shown in | Date 3%%?&?9&
-9- Figure 2. Both Figures 1 and 2 are tog v ews of th

is, the O?iéhi‘é 91 Hs AP 1 Bagl Epai‘é O,g'xfféué or. e s;ga%ﬁ%uts%st he

reqU|red | dor area of the systemor t print .
In the capgael i, 9UKe Lout19R8Saif ethel %ﬁs‘&%@lﬁ‘%ﬁ ncﬁew@f@ vi@@da&%eegquoer ‘
7. Aplurality of 8" wafers (e.g., twenfy-five 8" wafers) are store _

t he CaSSG&:tbﬁrSspoﬂiﬂﬁ WS ethe 1 raiilrddentflovt @frehhefashet lsysteaneoby the

by a‘transfer armassenbly 10 provided in a buffer chanber "9 and

transf errtflootppihh® off ehe pystemsi ng chanber 5 where ion inplantation is
perfornmed. Thereafter, the wafer 11 is taken out by a transfer arm '
assenbly 12 provided in a buffer chamber. 11 and stored in a cassette 14

in a wafer unloading chanber 13. After the processing of the wafers stored
in the cassettEngthpecasfppét Bdgurfeleadscapeette 8t dpi hgadhd inarewsfes
taken out_of the wafer unloading chanber = 13 and thus a series of steps is
conpleted oaﬁngnﬁhfﬁBeﬁbave ASS$B§31%H¥ Bfe8¢ WéfBFstﬁﬁ -Gaf cFWBRE¥eEdiveg

hanb hi . I h
b (erry " STERFE) " et D RS FacihE o rpilin 48RS 4 RaF cakel)
‘obstructeguerof gﬁgrbagsgt%gegt%ﬂ@%%f“)nerg§egn§¥5nsfer arm assembly 10

provided in a bnffer chamber 9 and transferred into the wafer

processing chamber S' where' icn implantation is performed
Thereafter, the wafer 11 is taken out by a transfer arm assembly
12 prov1ded 1n a buffer chamber 11 and stored 1n a cassette 14
in a wafer unloadlng chamber 13. | After the proces31ng of the
wafers stored in the cassette 8 are completed, the cassette 14
storing the wafers is taken out of the_wafer unloading chamber
i3 and thus a series of stepslis ccmpleted. During the above
steps, the pressure of the wafer'prccesSing chamber 5 is kept in
a high vacuum state equal to. or lower than 10‘5".Pa (= 1077
millibar)in order that ion impiantationdis not obstructed .or

impurity elements are not implanted.

To quickly execute"water transfer betmeen chambers under
atmospherlc pressure and in the high vacuum state, the Wafer
loadlng chamber 7, bufferchamber 9 wafer proce591ng chamber 5,
buffer chamber 11, ‘and water unloadlng chamber 13 are 1solated_

from each other by valves 15, and the valves 15 are opened or



To quickly execute vater transfer between chanbers und rRERUADEMENT SBEET
pressure and in the high vacuumstate, the wafer - |oad|ng ch mqgguffer
chanmber 9, wafer processing chanber 5 buffer chanber oteindt

untoading charber 18R SekSSLalT (ESM S Lo T

val ves 15 &
" REPLACEMENT S 0 - closed when

necessary.pregﬁEEﬁr%ﬁ%ﬁ%e?r?isﬁﬁ%cb%t ed’atfpuut“b pém predeterm ned pressure by a
- vacuum punp. I'n the systemof Figure 1, because a wafer is .
~transferred wth its surface vertical, the-dimension in the |ateral .
direction (thigkness dyseehi 8p Pighhe YafBEdahfe FhONELed 98! Mrgﬁ9599§e8n
the size of a wafer armor the like the systemfootprlnt si-ze is o
greatly i nkitieniced sy falce séreicdl} hthevdiieensiba ifalmalatefalt diEr@d‘:tQénart
hori zontal wafer transfer systemshown in Figure 2, however, the system
footprint éthickmessedbvection 0f dthecvater) (imeFiguoe hrealyfdepends on
apparatus) is substantlall i ncreased due,. to_an increased size of the
vafer 1, atRREFE (e & 8Km AE thephika khe SYSLREY. APSEPEEBSt ﬁhFPa?—Sy
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hol di ng daé” Howekrer TlEﬁE%Qé@emtﬂB‘b%tr&”bQEe fﬁ%&h&rh%oﬂ?ﬁﬁ'a@if@e Yoore -

conpl i cat ed" , 1t has been found that a systemfor transferring
a wafer npine aiTesk \a&reta ol thaSapgsaﬁham)t ﬁgﬁs&bsl&éﬁ%&&l&?glhbﬂeased due

: to an increased size of the wafer 1, although the system of the
_apparatus is otherw:.se subs_t_:antlally similar to as that of Flgure .
- 1. Mereover, when it is heceasa;y to process a wafeﬁ:_" 16 'w,hile' |
-holding. the pro'cesseci surface. vertical using this s"yst:em of
Figﬁre 2, ‘the dJ.rect:Lon of posture of the horizontally trans-
'-ferred wafer 16 must be changed from hor:.zontal to vert:.cal by
using the wafer.holdlng device 17. Therefore, _the system of

Figure 2 is mechanically more eomplieated. _

Thus, it has been found that a syétem for transferrinq a
wafer maintained, vertic_al has an advantage of preventing the
floor area of_ the apparatue' £fom ihcreasihg even if the -water
diameter increases. To realize the 'sys'te.m, a technigque for
transferring a wafer while" keeping it vertical is necessary.
Figure 3 shows an example of ‘an electrostatic water clhunki_ng"
device constructed according to the invention. In E;igure 3, a

cross section of a wafer transfer arm assembly is shown, in which
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floor area of the appafatUs'fron1increasing even if the REPLAdEﬁEﬁ?%
i ncreases. To realize the system a technlque for tra '
whi | e keepi ng |t vertlcal i's necessary. FiQqure 3 shows

_electrostatlc .ch ”K%fg “devj ce co tﬂ cted accordl _ -

i nvention. ﬁul"g EYo&t %cg:crt Y ATRFATEIAnst earYfﬁQEé'erﬁ:ﬁ'y
o h , h |l e t

The vaf ef .e@emk%%ffggfa%l ) REEELctea Iy RepTyild O3 high S dd By

betveen el egkiadaseidcardads :heL\anﬁ g6t r osf a&eet%ge ig%% o Onm%%  he

-of ‘an insulating material such as alumna is secured t

el ectrode 9 madeesgoadi hfshat bagbaskepial huchalLraliminthe sP@eldu@adled he
el ectrode 19 corresponding to the  back of the wafer 1 is nade of a good -
el ectri cal thengoetdon ofhungrelmttrddaistdr aberdespoidfngetd, chie enilec Wik he
projection may be formed on the surface of the el ectrode 19 when the back
of "the waf #¥rfezj &.covEhedparthonsef the eleckrede 11 qorke spaRdisgs dpuainel v
not el ectr| conductive. The el ectraodes 18 and_19 are connected to a

ly
lead wire Efkarﬂf aERE gHafBKt dgetd smafdl 9fd pefIREnelretEierlr 6984uEsoTand

19. ' Th I t
relative t3h8ﬁg aﬁ%% éﬂiiﬁ%Fﬁgnglﬁgc 1§Hrﬁogﬁa¥n?%c?% ﬁ§f8%°igcgggﬁsmﬁg
prevent thegg B?&eé Bhpghgebggfgggaggd or broken due to an excessive

force, even en t 2 noves in the direction normal to the surface

of the vafghelelebhecBlealy Glh theBhd® of NEKRS REENID fsSkEONEedSwiREHe
of a slidable and insulating

silicon oxide or the 1like and consequently not electrlcally

conductive. The electrodes 18 and 19 are connected to a lead
wire 21 ahd a high voltage is applled between the electrodes 18

and_lé;

‘The electrodes 18 and 19 are held by an arm 22 to be movable
relative to one another in the direction normal to the wafer 1
so as tc prevent the wafer 1 from being damaged orlbrdken due to
aﬁ excessive force, éven when the arm 22 ﬁbves in the direction

 norma1.to'the surface of ﬁhe wafer 1. .The'electrodes'la and 19
inse?ted_into a sleev¢'23 made of a-éiidable'and insulating
material are pressed by a spring 24 from the front and baék.
Thereby, the electrodes 18 and 19 are movable in their axial
direction againéﬁ the resistance of the spring 24. The-feasbn
why the resisténég,by'thé'spfing.24 is imparted is thgt; if thé
electrodes move excessively freely;_a'pfoblem occurs in that the
position of the wafér 1 is no; fixed during'the wafgf transfer,"

or the necessary_alighment when the wafer 1 is delivered to



nﬁferial are'pressed by a spring 24 fromthe front and éﬁPLACﬂMﬂMﬂBﬂEéﬂ“'
el ectrodes 18 and 19 are novable in their axial directfjon ag gst é
resi stance of the spring 24. The reason mh t he resi stpibate :b ﬁi!hg

24 t t h t d'é V \VAS F cx,u."
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from the {naisiletfBelaPs o'aha A9°UL! the ThERE Logye Lok, iﬂé@%& dater nl

provi ded in or to keep the e ectro sSane posl o
after the waf %fle%tr'o‘ét%ltg.%lam?t atteattyqat iMpe in TEQ a&cﬂ?rﬂt{l-;gp%ﬂf dde

permtted -novenent. of the el ectrodes provides for a "soft" chucklng of the .

waf er theremwvamanuﬂotlngeaeMeeﬂgodémujrovﬂdesnﬁat damagee ¥ cclilekin@fel the

Though not illustrated in Figure 3,. the electrodes- 18 and 19 are secured

by a key owafier |thexrehy ttrnauntzlze.ytgcmﬁ)tanm\pémqk infd icted: damageditoe ttheon.
Though the electrodes 18 and 19 of Figure 3 are i-ndepen- dently novable, -
an enbodi n¥Rfexs al so contenpl ated where ‘the electrodes are noved as one
body by constituting theminto one body . SpeC|f|caIIy, it is necessary to
renove the sleeve 23 and  the spring 24 fronlthe el ectrode 19 and secure

the el ectrodes 14,300 7he B4 1R aRE A 0 G Te C%' | ¥ne' 234e %&o@%s”%e

bet ween t hem
19 are secured by a key or the like so that they cannot move in

the rotatlonal dlrectlon.

Thdﬁgh the”eiectrodes 18 and 19 of Figure 3 are indepen-
déntly_movable) an embgdimént is also contemplatéd'where the
electrodeélare_moved as one body by constituting them into one
body. . Spééifiéally, it is necessary to remove.thetsleeve_23 and
the spring 24 ffom'the;electr¢de_19-and'secure the électrédes 18
'énd 19 by. putting an électricallY"inéulating material between

them.

Figu;e 4 schem;tidally shows an entire_wafér transfer arm
assembly having the electrostatic attraction mechanism sthn in
Figure 3. In Figure 4, the electfodés 18 and 19 are prbVided at
the froht.énd of thetarm 22, connected tg”an'arm driving section
26'thr6ugh anothér arm 25, and'sﬂpported by a suppbrt 27.'_The
arms 22 and 25 are provided-with‘the iead wire 21 and its guide
28 for applying a high'DC'vqltage neteééary for electrostatic

attraction and its guide 28. The arms 22 and 25 can be freely



Figure 4 schematically shows an entire wafer transfer
the electrostatic attracti on nechani sm shown in . Fi gur
the el ectrodes 18 and 19 are provided at'  the front en
‘connected to an armdriving section 26 ‘tﬁr:’oﬁ'gh anot her 5, ant
supported mpvedsbypdie 2km dheving nse@2iemd2&5iar ther planedosi Figute l€ad
‘'wire 21 and its guide 28 for applying a high DC vol tage necessary for

‘el ectrost aPnc arm §Padti 389 gan risoguPEates. The arnms 22 and 25 can be
freely = = _ ' ' o . -13- noved by the armdriving
section 26 in the plane of Figure 4. An armjoint 29 can also rotate.
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driving as i . and The watersl. LScatiLact.
L ving 2oReAPLL8an0120C3 nng M VP bk oo LARURLL M gt iyerea |
i s delivergdeieem thanbEapshen Arivisglradsendl RALCT QHAKIC aAlrheAGkirg? 1
section 33 provided on the transfer.arm31A As shown in Figure 6, because
one el ectr @8t alttraicted tHndin calscttogtat ic cttrdeticinsddeicot h®2 of the
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el ectrostatic attraction section is horseshoe shaped, * the-
sections ekreosfestatrnc0Ay Therwaferhke isaflelivezedt ficom entte airamefiedron raf
the wafer without interfering with each other. After both

el ectrost aBP3 &t ractelRrtRQAtaiis Mikraction seatkonl3haprovided one thef er
1 and the deI_iv%ry of the wafer & s, regdy to_be nade as shown in Figure
6. the traRipBRISFREMS1A. As shown in Figure 6, because one electrostat- -
' ic attraction section is circular and the other electrostatic
attraction section is horseshoe shaped, the ‘sections
eléctrostatically attract the wafler' 1 at th.e' central pbrtion of

the wafer without inter_féring with each other.

After both ele_cﬁrostatid at;t::éctién” sectigns' move to the
central -pértion of the wafer 1 and the delivery of the wafer 1
is rleady' toc be made as shown ixi. Figure '6,' the transfer arm 30A
or 31A is driven in t_hé_ di:éction indicated by the arrow as shown _
in Figure 5. The driving section for the drive iﬁ the direction
indicated by the arrow is pfofrided by an arm driving section such
as 26 shown in Figuré_ 4. While both electrostatic atﬁré.ction '
sections 32 and 33 are in contact with the back of the wafer 1,
a l'high DC volt_age is appli_ec_l té the ele_étrostatie a‘ttifa_lction
section 33 to which Ehe w&_fef 1 is to be delivered, and the
application of the high DC voltage to the électr_ost_atidé.ttra_._c-
tion section 32 is stopped. | Thereby, . the wafer 1 is held by the

‘electrostatic attraction section - 33. Then, the wafer 1 is



Figure 5. The driving section for the drive inthe d rethcﬁnMAm by
“the arrow is provided by an armdriving section such || &ste26 ,s.h.own...l..n..f.' gure
4. \WWile both electrostatic attraction —sbettons 32 FF—aFe=R=cantict .
with the bdekivérefectoefhe transfex ghmITLA diy dgevnsgappelmnsfezharm 30A
el ectrostatic attraction section 33 to which the wafer. 1 is to be -
del i ver ed, oand¥heln apBpri ddmestion tWW%@@Wthagérﬁéwﬁhé%l éb@‘mstl@t ic
attrac- tion section 32 is stopped. Thereby, the wafer 1 is held by the
el ect rost aFt8Y&Bt Pacti on section 33. ~ Then,  the wafer 1 is '

-14 - delivered to the transfer arm 31A by dI’IVI ng the transfer arm 30A- or
31Ain the direction indicated by the arrows as shown in Figure 5.

By repeating thg a P‘éaﬁ&‘fx&stﬂet %b%v@%ﬂéﬂse L t{anss 1b1\@f E6Stransfe

~successively. F rvery of a wafer fromatrans armto a wafer
hol di ng deyhgersi éu¢§e§§i«&>@1yvem BheVddipi vy elfeatwa)ﬁéﬁtﬁfouatat E26hsgRr
section novable in the direction nornal. to the wafer to the wafer hol ding
devi ce. Farmexand eyaféri Boldbsgi Hewite, use time dfifectfisre aron Btdvide Fagure
5 as a wafer holding device. Though the p05|t|on where the wafer is
‘el ect rost aelegtrgstatigcatiract ion saaticn mpyableninfthehdirgcsion normal
case of Figure 6 any position at the back of the wafer nay be used at
whi ch the §amEhat # @F&?f%éﬂﬁ%erprquﬁﬂ%| diFRF ‘FP]a?nsféFrF-ﬁg

L) oRHRIELR e e TR R A WS U vater

hold:.ng device. ‘Though the_ poeition where the wafer is

or 31Ais driven in the direction indicated by the ar GWEMCEMBNTSHE’ETW

| electrostat:.c_:ally 'attracted'is t_he_'central portion of the wafer

| in the case of Figure 6, any pesition at the back of t;he wafer
may. be use_d'at_ which the same'attractipn force is _p_rcdué,e_d fer

_ hold:.ng and transferring the wafer.: Therefore, it is unnecessary
to prov:.de the horseshoe electrostatlc attraction section of
Figure 6 and to deliver a wafer by attracting the wafer at its
both.'end_s.'. In this case, both electrostatic ettraction sections

_ can be circular, and the sizes of both electrostatic attraction
sections ean be arbitrarily dete_rmined as long as they are small

enough to be adapted to the size of the wafer.

Though ﬁhe sizee of the .ibove-mentioned eleetrostaEi_c
attraction sectio_ns of fhe_ pfesent ‘invention are 1'arg_é compared
to the thickness of ewafer., it is ﬁnnecessaz:y to niake the
thicknesses of the electrosteti_c attraction se_ctiorie largei"than
'i:he_ thickne.s' (e.g. 1 mm) of the wafer. The thickness of the

wafer can be any value as long as the wafer does not cause



Figure 6 and to deliver a wafer by attracting the waf'rﬂEgﬂ-AP?E"EN&ﬁﬂFEé'n s.
In thiis case, both electrostatic attraction sections can g %lem and '
“the sizes of both electrostatic attractiopn §e.ctions é{ by
determ ned .as.l o are snmall, _enough to be adatedtothe St ze of

1 pg, as the% .
the waf er . d1electIic, Breakdgun even 1dff & Ré3haB6y KOk 9% ore Appldiad (oo dhat |
tt t t f t d .t th S
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t he wafer e wafer can ue as long as

waf er doesaﬂo'fel“e%lt%statlc attract:.on la Xer is thick encughlBin view of
di el ectric breakdown even if a high DC voltage i35 appllegto the wafer.

In the cassteéngtHui nan ghehicakeest afluhindmgdeveh théctRDekhesgoed gnawgh.
1t is necessary that the nenber forming an electrostatic attraction |ayer
is thick ensughlcwablemtb@ugbtql@@cmng lon tthe constalucgion ofng tvansthee

t hi ckness of 1 mm" is allowabl e though depending on the construction of a
transfer aFmr - Sueh ERiR ﬁ%@#w%&% aftnasticeh seesdrnss a5ec NRECESITYY

to take wafers out of a cas ut themlnthe cassette In practical
cont enpl at B9 EFE& F’@éﬁé’ﬁ e |angca%)ssq OF |RUE JRFTD eHnVBPFaﬁésg?Fﬁ ‘t he
range of 2

- waf er/ chucgncé’ﬁt %Q'tlc Jhﬁ#ﬁla@e@ff drt%\ﬁg'%ghgl}l%cé;%(o‘ﬁnlg%%im% 5
hel d even ggﬁpggaggmegggség thhié’ai-QﬁgédQE 200 - 40b 9“5&d7tﬁ§hﬁ8’i‘5hﬁ§' iy

shows an e el ng
‘force is about 1 kg/cm2 of wafer/chuck contact area.- Thus, a 12"

wafer weighing about 100 gm can be held even by contact only .at '

~ the wafer edge.

Fz.gure 7 'schematicail.y shows an exatﬁple of .wa-fers " beirg
'méve;i in ;a'hd out’ of a cassette. A thin electrostatic attracticn -
secﬁic}n 34 is inserted betweén wafers .sto_red in a cassette -36 Ly
a transfer arm 35. The thicknéss' of the electrostatic attracticn
section 34 is .snialler than the dimension bet_wéeri’ the wafers
stored in the lcé._ssette. 36.  Therefore, thé | .electroétatic
attraction section is inserted up to the central pbrtion. of the
wafer 1 (though thelelectro'sta'tic attractioﬁ section may be
inserted_ohly to the peripheral part of the wafer 1) without
cont;acting the wafer 1. Theh, the cassette 36 is moved tOgethef ;
with the wafers 1 by a _cas.sette driving part 37 in one of _the
" directions indicated by the arrow 'toward_ the bacl{ of the w.a'fer.
1't§ be taken out. The back of the wafer 1 comes in contact with

the electrostatic attraction section 34 due to the movement of



moved. in and out of a cassette.. A thin electrostatic AtRERLACEMENTSSHEET
‘34 is inserted between wafers stored in a cassette 36 py a Efnsfer arm
35. The thickness of the el ectrostatic attraction secliQate:

t han the di nension b the wafers, stoléd=ip the c
Therefore, thecasﬁFgE aﬁ"’éi &t tHighi O¢ s’é‘éf’f'ﬁﬂel S5 néﬁpﬂéédupt?o ghee

cect] on ey i@g%r%fﬁséﬁ?gd%y«%&g UEAEET PHRSEARD! B yiiden ' e
wthout  co a3ld Ul elReolRhel ¢! I?aetlaﬁer(g@ggsﬁtﬁ 36 dif VG I reg}

with the waflers 1 by a casse€ r|V|n n one 0

i ndi cated Rynf e 2B AVvEAVERd ¢He Mé@ qf iEheak@hesut lof ke JAkR Qityg,
‘The back of the wafer 1 comes in contact with the electrostatic attractlon
secti on 34Tduestoréheheveatset af back in the cassette 36, the reverse
-16- the cassette 36 and a high DC voltage is applied to "t he :
el ect r ost aproceduractisopesdorimed. Thetheyprodrdurd cn Whisthelhe dagﬁsdte:e

el ectrostatic attraction-section 34. . Then, the-transfer arm35 is noved

and the wafdr mOVe§ dgkEReodirertiae indicrted By the ammaw ithd igne 71 tsack

i cn R bas 2B £1e5s=REta e RERESHH ISR Fo %ﬂ%ﬁfs&”iﬁg&ob”%% r“%“re
: |
w th Cthe Bhec A%’ GF B SREFCTHEC Y AR B8p8%ELS B ok OpET MR,

~arm 35 in the difSChirgN 35NdhC 2hedabye LOEoR {0 Kb Yy e g&gﬁ %@ﬁsafotte

driving section. This is the sane procedure as that “descr
reference mevel ghee dasselttel drdviage seckgon!. 0l ¥hak LBe t&as sahlee ptoiceidtae

section 37 is to nove the cassette
as that descrlbed with reference to Flgure 5. In this case, the
role of the cassette dr1v1ng section 37 is to move the cassette
36 so that the Position'of a wafer to be transferred enters the

extent where.the transfer arm 35 is movable.

When a thin transfer arm 35 ae_shown in Figure 7 is used,
the transfer arm ?ibrates while it moves, and therehy problems
such as.the contect of the wefer'with_other members may.occur.
Therefore, a strain_sensor'38 shown in Figure 8 is provided in
order to detect the degree of'Vibration and control the movement
of the transfer arm 35. The strain sensor 38 makes it possible
to measure the amount:of deflection'of the arm, that, is, the
vibration amplitude by detecting the'strain of'the transfer arm
35. Moreover, the strain sensor 38 makes it p0531ble to monltor
the contact state between the back of a wafer and the electro-
statlc attractlon .sect1on 34 when the wafer is dellveredr_'

Therefore, the output of the sensor 38 can also be used as a



36 so that the position of a wafer to be transferred N |
where the transfer arm 35 is novable. _ When ajit hi 'szﬂi’geél'éﬁt 135
as shown in Figure 7 is used,. the transfer arm vibraj QﬁnQWé :
and-t hereby problens such as “the cont act- @ff +he wafe
may occur.sighaleforecontysolhingsehber mdBembntnofnthe gu¥anS8ris afﬁvséegcln
order to detect the degree of vibration and control the novenent of the -
‘transfer athe3ximerhefswafexr siekiverds ocumkdhe tmpussent eoft cheasussethe
‘amount of deflection of the arm that, is, the vibration anplitude by

det ecting BREVERGFACHIORNE  transfer arm 35. Moreover, .the strain sensor
- 38 nmakes it possihle to nonitor the contact state between the back of a
waf er and the electro- .static attraction sectlon 34 when-the wafer is

del i ver ed. eﬁf € tﬂg QUEEHELQEaih§ ?rgfg geégeﬁgg fggngfﬁg

-17- signal for ntro e anenen F anst _

time of waé%a(f@b Vt%l/dé&‘ EBQ raaéenwéhofplta%ac ésesugj' vi eseé‘t%b%

~Figure 9 is a sectional view of a preferred enbodi nent of”  a ma er er
for use wimdntpicsed ProcEMarts 5,007 ,38evand 288650861, eSntRahepiSther

5,007,981 and 4, 565, 601, contain further details of such a pl asma

_ processingdcwgikﬂncf such a Rpefammd pracedsing eystem.wafer 101 is held by a

waf er hol der or chuck 100. The chuck.106 i'ncludes.an el ectrode support

102 for supporting the chuck el ectrode. A support block 103 is -

» 3

Referring to Figure 9, a wafer 101 is held by a wafer holder
or chuck 100. The chuck 106 includes an electrode support 102
for supporting the chuck electrodeL A support block 103 is

' provided which has coolant pasSages'lO; which are communicated '
with a coolant supply 105 to facilitate circulating Elow o=

lcoolant therethrough An outer szde 1nsu1ator film 105 for:
electrostatlc clamplng and an lnner side 1nsulator fllm 106 for
electrostatic clamplng is prov1ded.on the block 104-fac1ng the
wafer'lol. Wafer aupport pins 107 made of insulator material are
provided aa_support pins which are supported by a.gap 108 with
spring 108’ to accommodate a soft contacting of the wafer on the

insulator £ilm. 'Leads 109 and 110 are provided for the electro-
‘static clamping voltage supply. A wafer.transfer rod 111 is
'connected for accomhodatiné'transfer of the wafer chuck 100 and
wafer 101 carried'thereby An RF power suppl? 112 for applying
blas voltage is prov:.ded and a hel:Lum gas supply 113 is prov1deo

centrally of the chuck. -



provi ded whi ch has cool ant passages 104 which are conmuji = .
cool ant supply 105 to facilitate circulating flow of - ¢ Oﬁ@%g@(gtr#ﬁﬁ].g .
An outer side insulator film 105 for el ectrostatic cl &}q% AR 199@<r |
side insulator film 106 for el ectrostafi ¢ clamping is dadon-ther l
bl ock 104 faci nghehanamiphelatiitn ¥Mdebperapooh EHStHO FigEee 0b IdHudiiRy
-material are provided as support pins which are supported by a gap 108
with sprimyrafgementad0oncan die carsibt contky Gppropirinhe matenent éhahe
insulator film Leads 109 and 110 are provided for the electro- static

cl anpi ng volafege WHaRRfier yodyakkk. trBwefbe rbe FeguiredcohAcknedsf of the
accommodat i ng transfer _of the wafer ¢huck 100 and wafer 101 carried :

t her eby. ASHREKBREFKsLBAI §° 138°9HRO ey copi 189y of t e Wafersfiaredheand
a heliumgas supply 113 is prqvided. centrally.of .the.chuck. , ..

* Te U OBLaaR ptoteRar ek e MERPEALHSE IF M Eipre e ara s dgritea
arrangenent, .1 akkie ; PLPPEE: emepit of the wafer
transfer rtg'g %%T%%QSJQZtt%oli:%eeg'rngggﬁiraégetghégknsé -sf%_ , hremé]'chuck bl ock 104 to
acconmodat e the cooling of the wafers for the plasm processing, the

mani pul ation, of nultiple wafers is limted as conpared to the enbodinents
of Figures 1 - @As describeds albever,i byd adoptdngbyhadeanferg tihnsefemet hod
transfer nethod wusing electrostatic attraction, it is possible to
constitut eusiag eppatapetahici attract ivmalitf isopoasithle duyaratinetd toft et ke

waf er size. OF course, the apparatus area in the direction correspond-
ing to the2PPAAREMSs BAVARS & delnimae Bleer | fredcregardless of the wafer

size. Of course, the apparatus area in the direction correspond-

ing to the wafer surface area (the area in the vertical
diréétion) increases. However, the increase of the apparatus
" area is allowable when considering the ratio of ._the 'size- of the
ceiling 'of' the clean room whére the apéara;us is installed té the
wafer size. Even if thé diameter of the wafer increéses, it is
possible to transfer the large-diameter wafer by replacing a
container in a transfer chamber or remodeling the abpératu_s and
" therefore, there is é._ possibility that ‘the processing apparatus

can be used for many device generations of different wafer sizes.

-~ Furthermore, slip between the wafer and the electrostatic
attraction member hardly occurs becausé' the wéfer is firmly
secured. _'Th_ere'fore, high-'speed_ wafer"transfer can be realized

using the electrostatic chucking system of the present invention.

According to the present inve_t_ition the footprints of the

wafer processing apparatus and the transfer system can be
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direction) increases. However, the increase of the apgaratu E@F
al | owabl e when considering the ratio of the size of th¢ Dae 2 F%Mgg - J
‘cl ean room where the apparatus is installedigo-the wafer srze.

the dianete a@htk?ﬁe&aétﬁéli P SES thet n:lfémetfw%fbtﬁet@af @rlﬁ r#o&es P.nd

| ar ge- di aneter wa by replacing a alner in a tran

renodel i ng haﬁcepperaay%@r&fé&er&{aw enet BeES eﬁcmﬁﬂﬁéubldd&:bﬂei@go L PRe
processing apparatus can be used for many device generations of different
vaf er sizesclean roohitaheteieredsed.betroeesvebs bedQisaitthd lfdotprint of
el ectrostatic attraction nenber hardly occurs because the wafer is firnmy
secured. ThaeeWwafer hrgtiespind apparatussdmily ahangescaviencdf thengathe
el ectrostati c chucking systemof the present invention. - -Accor di ng
to the pr eséhﬁmﬁﬁﬁﬁnﬂl@ﬁe%Wa‘ch’@pPP-ﬁ?s"%ftl'tehéra%ﬁféF wmgamgpapgapasus

and the t f t
ﬁgl nt a?ne(r:la 5 ek{ e@ésﬁe%n"?‘%a cﬁ%mﬁf‘él’: ofaters \A/Q‘P(‘-f?‘ngnc?r’éfssesfoﬁnoth%eﬂéétlt

has an ef FegbobalsLhocaheRe s UsEKELUaORRUPLRD, Ychecug! 80 F80MLeG20n0e

decr eased Ié0oVEer, bécause pr 6Céssing

appar at us hapdl %eeRangss @aRd foy %%ﬁd% e arainy e@feéhetéfﬁﬁsférOf"

the transfer system c¢an previ ous- erm ned so at wafers. having
sizes for tb9saemtof@ﬁematfsenpﬁeaeb§am¢aﬁae:rart@@ annhéfeefcﬁwaﬁ:@teugréaenee
used in- the next generation by changing the container of the transfer . :
systen1of t hbaveat éonpminémizag appacastsofThheecbystemt whipe cacoadbmmodzedhgon
m nimzes the cost of the systemwhile accommopdating a w de range of wafer
sizes. |t aswideecrenger pft wafent géeeshe Ihafsr unnedessaryate ¢onpact the

processed since the electrostatic
wafer front surface to be processed since the electrostatlc- :

attractlon method is adopted to hold a wafer in the transfer
"system, and therefore the'preseht'invention.has an advantage that
foreign nmtters'hardiy'adhere to the-wefer front surfaces.
Furthermore, the present'invention has.an'effect that no foreign '
. matter adheres to the wafer processed surface because the wafer
surface is vertical even if any forelgn matter falls onto the
wafer surface from above the wafer' durlng the transfer or
processing of the wafer and thereby the wafer proceSSLng yleld_

is improved.

Althoughlthe'invehtioﬁ nas been described ahd'illhstrated
in detail, it is to be cleariy'underStcod that the same is by way
of illustration and example, and.is:not.to be_taken by way of
limitation. The spirit and_sccpe of the present invention are

to be limited only by the tarms of the appended.claims.'



q;tfaction nethod is adopted to hold a wafer in the t r—system and
ttherefore the present invention has an advantage t hat REPLACEMENPSHEES
hardly adhere to the wafer front surfaces. Furthermifre, the_present

hardly | 1.3
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foreign matter falls onto the wafer surface from ab t he wafer during
the transfer WHATITSCESAIMEDOfsE he wafer and therebylﬁﬁ ﬂﬂ" Hﬂf& nsing
yield is inproved. Al't hough the invention h y S ¥ and
illustrated in detail, it is to be clearly understood that the sane is by
way of illust¥ati & mathodxadphendiingi s seniconcdietozkyafey whychfhas a
limtation. The spirit and scope_of the present invention are to be
linited only biFaite fasemyidh @héidppematayey Hmsthe like to. bpgprocegpsd| s
CLAI MED | S: 1.. Anethod.of handling a sem conductor.wafer which has a
front face wi téfp%asislupg8ﬁgf‘%?/e§&cﬁdcrtaﬁg f??@n%%cedec& BE%%’S%%‘ and a
supporting substrate refp1afee. sEAAA Gubstrate in ROWRGCARIJ YRier

=

substrate in a vertically ori= ented position wth said faces

extendi ng vertical leatey positi®RNWith Saidrsiced esitniialy echiiekxiy Bevi ce
engagi ng said rear face, and w thout engagenent with said front

face, and neppei 0f safirst relectinesitange dohmekiragn dlamitcer ehgbding

t her eby between two wafer handling stations while main- | .
sald rear face, and without engagement with said front

face, and
moving sald first chucking device and wafexr held
thereby between two wafer handling stations while main-

taining said wafer in said vertically oriented position.

2. A method of handling a semiconductor wafer which has a
front face with a silicon layer or the like to be processed
and a supporting substrate rear face, comprising:
holding said wafer substrate in a vertically ori-
ented position with said faces extending vertically by
means of a first electrostatic chucking device engaging
said rear face, and without engagement with said front
face, and
transferring said wafer from said first electro-
static chucking device to a second electrostatic chuck;

ing device.

3. A method according to Claim 2, wherein said transferring



tai ning said mafer ' y ori ented position. 2. A nmethod of
handl i ng a seni cond ﬁﬂMl has a front f3 g é@ o) FTconjlayer
or the like to be p Wupporting subst fatEPE ﬁ“ﬁ§,§HEET I

conpri si ng: hoI di ng said wafer ilet rate ifn a vdr? i SEP 119ggor i
ented position with said faces extendi ng vertlcal |y [y = e means:-of g
first electrostatic chucking device engagi ng sald rear face, and
wi t hout engagéseatcemphisied wiridet maintaiateg aatd wafer in sasxhsfertdi-ng
said wafer fromsaid first electro- static chucking device to a second
el ectrost at | cCBhli¥keriented pgsdeipRe. 3. A nethod according to daim 2,
wherein said transferring -21- S
acconplished mhile naintaining said wafer in said verti- cally oriented

F?ilnz ! ?gce Wi t h a g?#‘l con I ayer or qlg)ﬁaBI %E%Hgﬁ&%gr%\g@is%d%ag% fﬁ% 3

supporting sulggbhtt at@awmitinCGe, sOGEN IaRE8r or the 1ikdIOkdli B ?ﬂ&é@cﬁr
substrate in a vertically ori- - ented position with said faces

ext endi ng ver andaal.yumgprtmg svbstsatnd reafri Fate el @mpruistiagi c chucki ng
devi ce engagi ng sai d rear face, and w thout engagenent w_th said
f r ont face, and holding Sa&ﬁvwﬁgegaﬁabmﬁe it 2 aveielrahIpr cidssi ng

chanber

ented position with said faces extending wvertically by
means of a first electrostatic chucking device engaging
said rear face, and without engagement with said front
face, and

moving said wafer into a vacuum processing chamber
while holding said wafer in said first chucking device

in said vertically oriented position.

5. A method according to Claim 4, comprising treating said
front face of said wafer while in said vertically oriented

position in sald vacuum processing chamber.

6. A method according to Cleim 5, wherein said treating
consists of one of ion implantation, etching, plasma process-

ing and 5puttering.

7. A method according to Claim 4, comprising transferring
said wafer from said first electrostatic chucking device to a
further chucking device disposed in said vacuum processing

chamber while maintaining said wafer substrate in said verti-



whi | e hol di ng said nifer in said first chucking dey

O : I 1T Sdl
vertically oriented m"mmwﬁu A net hod accor iﬁé"%ﬁ%ﬂ%h'wt!?ﬂ
conprising treating Al - of said wafer iI.eliZSﬁJ rtjf cally
oriented position in sai d vdcudm processjng chanbgr® te g A netTrod
according to Claimb5, wherein said treat'i?'n%; “ consi sts of one of ton

I npl antati on, etching, plasna process- ing and sputtering. 7. A method
according to ' | SN olsBgibhansferring said wafer fromsaid first
el ectrostati cgéﬁﬁg]kﬁb devi gES?glgﬁ'furt her chucki ng devi ce di sposed in

sai d vacuum processing chanber while maintaining said wafer substrate in
said verti - ‘ - 22 - cally oriented

posi tion. 8. AAnmehbddascooxhing tw Ckeim 77, aomprising &éﬂ%ﬁ%‘?rﬂi%
said wafer fromsaid further chucking device to a seéonpl el ectrost ati

chucki ng devi d@ifhiaEesai FROR ndRtA s APHEHRY oFRPEKING; BOVAR] i EQI By TFGHI ed

i tion. 9. hod ' i m, 8, i ids :
Phucki g devi edectraRtARte BiRpBdabicd Mg md i ANIuTe8 0 W 1n
according to GaajyMyért STy Hrientha CbdAlti 16 .2 :

9. A method according to Claim 8, wherein said further

chucking device is an electrostatic chucking device.

10. A method according to Claim 2, comprising circulating 2
cooling medium through the first electrostatic chucking de-

vice to cool the wafer held thereby.

11. A method of handling a semiconductor wafer which has a
front face with a silicon layer or the like to be processec
and a supporting substrate rear face, comprising:
holding said wafer substrate in a vertically oxi-
ented position with said faces extending vertically by
neans of a first electrostatic chucking device engaging
said rear face, and without engagement with said front
fa.ce, and
engaging said first chucking device against said
rear face with relative movement of electrodes of the
first chucking device cushioned by an elastic member to

thereby achieve a soft chucking of the wafer.



cooling nmediumthrough the first electrostatic chucki %},&?’.$ s\g'?
the wafer held therebiﬂl'“l lm m d of handling a sem c n 0 6
which has a front fa "I I'mH | ayer or the | I@atéo seq
and a supporting substfaté rlear facer cqmpm sing: hnl r{| $ai
waf er substrate in a vertically ori- ented p05|t|on with said faces
extendi ng vertically by nmeans of a first electrostatic chucking

devi ce engagi rkg. A method aemrdiaxmtoaaﬁamtho%%a@agemﬁttmrtshfesamg
front face, and ing said first chucking device

agai nst said 1% accl"é‘QP-iFBE@ th-"h? F"@ gﬂgvﬁhﬁﬂ)’eﬁ%‘n@noﬁ e dwed zeptahe
first chucki ngp evi ce cushioned by an elastic nenber to t her eby

achi eve a soft ki ng of the wafer. -23- 12. A met hod
according to Caim3, wherein said transferring is acconplished while
noving the wafer in a conmmon horizontal plane. 13. A method according to
Claim4, conpri®i ng tnetihglieraccpgdingi tovwelgin f 4 presmpeh §ingsttingTereshgt i C
chucking device to a second el ectrostatic chucki ng devi ce. 14. A et hod
according to @aaiidrnmerv\ﬁmmisﬂisiaifd-rstaﬂsé@trosttajtrig thuckbunplevikedtoht| e

mai ntai ning said n said vertically oriented position. 15. A met hod
according to a%ﬁq%sleﬁ;ﬁe?ﬁt#%.c@upkaﬁgf%mce-

14, A method according to Claim 13, wherein said transfer-
ring is accomplished while maintaining said wafer in said

vertically oriented position,

- 15, A method according to Claim 14, wherein said transfer~
ring is accomplished while moving the wafer in a common hori-

zontal plane.

16. An apparatus for handling a semiconductor wafer which
has a front fac_e and a rear face, comprising:

a first electrostatic chucking device engageable
with said rear face to hold said wafer in a vertically
oriented position with said faces extending vertically,
and

a movable transfer arm for carrying the first
chucking device between different wafer handling sta-
tiong while maintaining said wafer in said vertically

oriented position.



ri ng IS acconpllshed%—l—e—n@xmg_ihﬁ wafer in a cof"g;% \in/él RN
PLACEMENT SHEERaH a

]Pl ane. f g for handling a sem condug
CLSQLI ngcgespceaeLgE@ﬂ& E‘"“,Pm,“msal d %‘fza_r faceat r%lt d'ks?;rgpm'gﬁtl n a

vertically oriented position wth sai'd faces extending Verticarty,

and a novable transfer armfor carrying the first chucki ng
devi ce between7di fAer eppav@fey PRNJhan@litif-a semiddmiietolti haferi nihdichi ng
said wafer in said vertically oriented position. - 24
- 17. An apbasad utrdngy ﬂaa!ﬁdahﬁgaarwﬁf@.@ﬁdummrmmr whi ch has a front
face and a rear face, corrErl Si ng a first electrostatic clgl,ickl ng
devi ce engageabl e kraky; 81F§H°“fte?€é°t &Wk&ngal%Wereri‘?F a

vertically ori sa e ver

a second el ect rost"?#t’ eﬁ% (fg;ecé;o hglére%%gd %éfélgr‘r}?raan‘g#%l ngyt he
waf er from said f'éﬁezﬁ‘.e@b&@%%ﬁ Geith s@RHCKAESE GRHeRAIHG S SAQQY)

chucki ng devi ce, and a novabl e transfer armfor Carrying t e f| rst
chucki ng device betweern dsédminsleeimisthandl ichgcking devicédi end weiahns

mai ntai ning said wafer in said vertical oriented position. 18. An
appar at us for handf¢3ﬁqirf§n§éﬁi?€mqu¥:h€t)rwa\ﬁé¢eer|Qﬂid #azst eleplirdst@sisnd a

rear face, conpr|5|n el ect rostati,c chucking deyvice
engageabl & Hkring davieatht 4 PRCEH USRS HEELGRT AT |y
oriented F’OS'“O“ w th SapdyLaees t%h@?gfngar\ﬁ?r%fa'é{rrﬁung the FibskSt
novabl e transfer armfor carrying the rst huc g devi ce between
di fferent wafer hapidiihStd@evice between different wafer handling sta-
tions while maintaining said wafer in said verticgally

oriented position.

18, An apparatus for handling a semiconductor wafer which
has a front face and a rear face, comprising:

a first electrostatic chucking davice engageable
with said rear face to hold said wafer in a vertically
oriented position with said faces extending vertically,

a first movable transfer arm for carrying the first
chucking device between different wafer handling sta-
tions while maintaining said wafer in said vertically
oriented position,

a second movable transfer arm carrying a second
electrostatic chucking device, and

el_ectrostatic' chucking force transfer means for ef-
fecting transfer of the wafer from the first chucking

device to the second chucking device.



tions while mai ntai ning said wafer in said vertically
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posi tion, a second novabte transfer armcarr

el ectrostatic chucki e el ectrostfatic c irR0 rc
transfer neans for eﬂmnﬁm'mmmgal!!‘ansfgg of the Qatq:r-gtgs POt
chucki ng device tb thetse#on ucki ng devi ce. 2o -
19. An apparatus for handling a sem conductor wafer-which has a front face
and a rear face, conprising: a first electrostatic chucking device
engageabl e with said rear face to _hold said wafer in a verticall

ori ented posi #Pen Rt APBAFLYHCERT cRERMANY T ePERiGPRductor wafer aﬁﬁé‘)f{"er

treatnent stagion_ipclydi t reat nent ns reating the front
SR Rt S

face, and FY1Ing ‘the first

chucki ng devi ce between, dgi%ﬁ%egg‘e&@;:@gtgﬁqglémﬁt,@ devidd OBSgagarmledi ng

a wafer supply station an treat- ment stat’ion, while malntaining
the wafer in said wth isaid reaialfaceortioembdd pasdt wefier iR0a vertigelyt us
according to Caim 16, conprising: : a second el ectrostatic chucking
devi ce carried by eriented pesdhionowiith saidafsces extignding vertiealdayond

el ectrostatic chucking device, and meaps for, transf t he

. rrin
wafer fromsaid first @ wefer) Erepbugng istatinecinglindc rﬁﬁg#?ﬁF d
el ectro- statgérggggggﬂﬁg gﬁgiffbnt éé%ev Apgqappar at us according to
|

Claim 20, wherein second transter  armis operable to remove the wafer
fromthe treat- ment sfapoQBELie® arinsERar 0Lt FokrONcaytiingy NMBhot afitsty
said wafer in said vertically oriented position.
chucking device between different wafer handling sta-
tions, including a wafer supply station and the treat-
ment station, while maintaining the wafer in said verti-

cally oriented position.

20. An apparatus according to Claim 16, comprising:
a second electrostatic chucking device carried bf a
second movable transfer arm,
a second electroétatic chucking device, and
means for transferring the wafer from said first
electrostatic chucking device to the second electro-

static chucking device.

21. An apparatus according to Claim 2b, wherein said second
transfer arm is operable to remove the wafer from the treat-
ment station to a discharge station, while maintaining said

wafer in said vertically oriented position.



- 26- 22. An apparat.us acc’orHi"h'g' to daim2l, wherei 3
arms and chucki ng de e to nove said wa PLACEMENT SHEET

- hori zontal plane bet ﬂmllgﬂmﬁm station, treatnment st al h

di scharge station.  .*2%F An App#ratus fon handl ing a cgrcx@] f.e
which has a front face and a rear face, corrprlsmg a 111t
el ectrostatic chucki ng devi ce engageabl e with said rear face to hold
said wafer inayvenn apbhyatus acgoweiingd tposiaimn2Iyv tvhexsiich fsaddsteansendi ng
vertically, and a novable transfer armfor carrying the
first chufsa mamge andechizekingh devices cane mabhanm inRyeseaid walex ons
while maintaining said wafer in said verti

wherei n the fH“nstaelcé’WPBsthé’trF'éOEF%JckPﬁ@nﬂepFEée?rh safd SEPBg% si@%é?ﬁ‘&/el y
novabl e el ect rtozd%sm%%@gggpig?vgw scha?%édsh{% face and spri ng neans

I nt er posed bet et es an &5 ear face to cushi‘on
rel ati ve nove- ments during electrostatic chucking of said wafer.

23. BAn apparatus for handling a semiconductor wafer which
has a front faée and a rear face, comprising:

a first electrostatic chucking device engageable
with said rear face to hold said wafer in a wvertically
oriented position with said faces extending vertically,
and

a movable transfer arm for carrying the first
chucking device between different wafer handling sta-
tions while maintaining said wafer in sald vertically
oriented position,

wherein the first electrostatic chucking device in-
¢ludes relatively movable electrodes engageable with
sald rear face, and spring means interposed between the
electrodes and the rear face to cushion relative move-

ments during electrostatic chucking of said wafer.

I‘ his Sheet Has Been Reil..ced




