11 JULY 2006 , -1 Substrate Hol der and Devi ce Manufacturing Meth g The ’
present invention relates to substrate holders, such as may be ug %PH¥3Q96

| i t hographi c projection apparatus conprising: a radiation systemfor
supplying a projection beam of radiation; a support structure for supporting
patterning means, the patterning nmeans serving to 5 pattern the projection
beam according to a desired pattern; a substrate table for holding a
substrate; and a projection systemfor projecting the patterned beamonto a
target portion of the substrate, and tol-nethods of nmanufacturing devices.

10 The term "patterning neans" as here enployed should be broadly
interpreted as referri ngubyratpHpalder apdiDeyicy Mapufaswging Methodow an i nconi ng

radi ati on beam with a patterned cross-section, corresponding to a pattern
that is to be created in a target 15 portion of the substrate; the term
"l'ight valve" can also be used in this context. Cenerally, the said pattern

Wi I'l correspond to a pﬁéﬂr&%t%{veﬂt}éﬂ?élait&Q@LubLt?aYeQ{o]de& s%clgﬁ\ﬁilaﬁ'%e lH?ﬁ:‘drillga created
in the target portion, such as an integrated circuit or other device (see

bel ow) . Exanplithegraphic pseiediopenpareiup famprigisgins i ncl ude: A mask. The concept of a
mask is well kno |42 ] r - hitotl TR 20 types such as
w3 ré(fl]ﬂ%mh Eﬂfg If?lfs{ﬂ}f%ﬂ%rbﬁcdoﬂ%& a&%%#

bi nary, alternating phase-s ) t'enuat ed phase- s’_hi ft, as well as
various hybrid nmagkunpgpetsuctur} for suppartinglatternio gy mgansehdalterning meang déraing ton  beam

causes sel ecI;aingrﬁéﬁe@gﬁgﬁgg'ﬁgamcgdﬁ]ﬂétlagdgs%g né transm ssive mask) or

reflection (int areflective ma of the radiation inpinging on

t he mask, accordi agulistate fable fgrdipldmg a setratéi@ndrask. | n the case of a mask, the

SUPROT St UGE Ur o, Wiy SERREA Y (REpHBRK BBl LA fo et that the

mask can be held a tron | Incomng r atiron beam and
that it can bwbstiged relative to the beamif so desired. A programmable

mrror array. meax?cf‘t@mih%dsocffnﬁ?-l&@ct&in Quli&e 1s a matrix- addressable surface
havi ng a Y(; scoelastic control layer and a reflective surface. The

The term “patterning means” as here employed should be broadly
interpreted as referring to means that can be used to endow an incoming radiation beam
with a patterned cross-section, corresponding to a pattern that is to be created in a target

15  portion of the substrate; the term “light valve” can also be used in this context. Generally,
the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
such patterning means include:

- A mask. The concept of a mask is well known in lithography, and it includes mask

20 types such as binary, alternating phase-shift, and attenuated phase-shift, as well as

various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the case
of a reflective mask) of the radiation impinging on the mask, according to the
pattern on the mask. In the case of a mask, the support structure will generally be a

25 mask table, which ensures that the mask can be held at a desired position in the

incoming radiation beam, and that it can be moved relative to the beam if so
desired.

- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface. The

30 basic principle behind such an apparatus is that (for example) addressed areas of the



areas of the 11 JULY 2006 -2 reflective surface reflect incident

diffracted |ight, whereas unaddressed areas reflect incident |ight as
undiffracted light. Using an appropriate filter, the said wundiffracted
light can be filtered out of the reflected beam |eaving only the
diffracted |light behind; in this manner, the beam becones patterned
according to 5 the addressing pattern of the matrix-addressable surface. An
alternative enbodinent of a programmmabl® nirror array enploys a matrix
arrangenent of tinye m nors, each of which Ean be individually tilted about

fow . .
an axis by applyi iglestivestifacapsflect gidgntilightgs diffected fightswheregs ungddrgsseda pl oyi ng

pi ezoel ectric act yahd @NeciBaidsnt ligl@ﬁﬂldﬁﬂﬂ:iteﬂyligﬁth@siﬂF Eipéfgro@ﬁﬁe filter, the said

mat ri x- addr essabl e, such that addressed mnors w reflect an incom ng

: : | !
radi ati on beam i nuadififariedlighteande fikiered ot ot tBe lerirdrbexndavire ARl e in this
manner, the refl eqlimfshiQBRM YeRinB 3 hERRk ARCIREA HBGeOpibRe ALEEEREINT Pattern
of the matrix-addressable mrrors. The required matrix _addressing can be
performed Usi ng s Hetdérrsing paitery o Heanatridaaddresseble psfape. ofn Altpr@ativiet uat i ons
described her eab@?ﬁﬁodiﬁaé’lﬁo%&%b&ﬁ}h{we i sy eplo Tt Carfiilfenitht

programabl e m nor 15 arrays. re information on mnor arfrays as here

refereed to can baigiragaddl whigh candyg indpiiduallyf tilisdakoyt ancegis Sy aprbgngat ent s US

5, 296, 891 and US 5,823 ck%3ed 0PN foyfR Bleb etk BuMbh $84:38597 and VIO
98/ 33096, which are I ncor porated her’g‘ioﬁleﬂ%yoy?ngr ence. 1N the é’ase of a
progranmmabl e ni noPnegagaiy, the misrossrematippsirassabler weh hataddrassgd migrosmtiBdi ed as a
frame or {able, fafce%aMebhing MalaGsh BY&Y iPLaifitréR dirQiofMR\A R dRessed thifichs;T €qui 1 ed.
A progranmmabl e LCD array. An exanple of such a construction is given in
United States Patrethis masnes, thexeflegtpd beaghis paiteinsd aoqerding o the addrepsineaiatierny
reference. As abOyfie mbfi@-a3dHARMN miftbfsU Shdlefuilefmbitk Sadrasig BFRWRE enbodied as a
frame or table, for exanple, which may be fixed or novable as required. 25
For purposes of sperfsinned using seilgble elsefronigfmeptsi dn athef thesjtuatigns deseribed n | ocat i ons,
speci f1cal |y di 1 egbrcapblc b bareRirfPAARI & cdnibhol oeidPmbre KRfanfHifl HRR, £ 20! €
however, the general principles  discussed in such instances shoul d be seen
in the brBader cofirayxt Merfe infrnapen anapiFPivgrayeas here refaire & @a bogleansdforf or t h.

example, from United States Patents US 5,296,891 and US 5,523,193, and PCT
patent applications WO 98/38597 and WO 98/33096, which are incorporated herein

30 basic principle behind such an apparatus is that (for exanpl eiﬁ\gﬁ{f@zed

by reference. In the case of a programmable mirror array, the said support structure
may be embodied as a frame or table, for example, which may be fixed or movable

20 as required.

- A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.

25  For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
itself to examples involving a mask and mask table; however, the general principles
discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.

Lithographic projection apparatus can be used, for example, in the

30 manufacture of integrated circuits (ICs). In such a case, the patterning means may generate
a circuit pattern corresponding to an individual layer of the IC, and this pattern can be
imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon

wafer) that has been coated with a layer of radiation-sensitive material (resist). In general, a



Li t hographi c projection apparatus can be used, for exanple, in t?f &0 6
manuf acture of integrated circuits (ICs). In such a case, the pa % %ﬁ%&?
means nmay generate a circuit pattern corresponding to an individual |ayer
of the IC, and this pattern can be inmaged onto a target portion (e.g.
conprising one or nore dies) on a substrate (silicon wafer) that has been
coated with a layer of radiation-sensitive material (resist). In general, a
11 JULY 2006 -3 single wafer will contain a whole network of adjacent target
portions that are successively irradiat&d via the projection system one at

atime. In current ratus, i ng atterning by a mask on a mask
table, a distREE ?’Vﬁﬁ‘p @gﬁo‘ﬁé‘“ﬁé" @eB@%ﬁgé’ﬁa REnt et B?’B?% that ?ﬁé‘éccﬁf“’ﬂﬁchl ne. In
one type of |jtdR@s @RMeGraédbe e ond RRAIN, hScurr@A GppatadlsO@ipldyaigt i on is 5
irradi ated by exposing the entire mask pattern onto_the target portion in

one go; such BHEMSHN R Mstson amask fAblsn ‘}lS"r"é‘f%rCF’é'&F pasle fetweenfyp diffessnbpper. 1n an

al ternative apgpaldiddéhire. BQJKHB:BJ: <Yflftl&fgﬁblﬁ:@ﬁoﬁ&:oﬂ%p&rﬁse&c@ﬁ%e%ibﬂppaf atus -
each target portion is irradiated rogressively scanning the mask

pattern undler irfadiated prexpesingthe ﬁ@éﬁﬁi%ﬁpﬁw@wpﬁh?%@m@ﬁ@é in efiegeSE¢A (t he

"“scanni ng” di 5&%&u9&)co%bﬁl?re?éﬁé€h¥£@%§¥Mep%@xaﬂfﬂnr&ﬁerhé?ﬁe sppanbsate table 10
parallel or anti-paral direction; since, in general, the

proj ection sy%‘l"@ﬁ‘?’W Eferrerhig @ & stemengriFaniaBRerats T Facbiasget ROTtioRels dTadiated by 1), the
speed Vat whi ﬁ#&ﬁﬁ@ﬁe]§@&§£lﬁ {he nfa@daferh §n&%@ﬂ%ﬂct1&f‘ﬁb&m R gveh@3GiBiceM ti nes
e

that at which't els scanned. More information with regard to
| i t hogr aphi ¢ diesgliengghe assaies dw&e@mﬁéasyeﬁﬁor@ésbgqcmhe fubtiraigabigpl e, from US

6,046, 792 nﬁmmp&r%@garmﬁ R this BYecli&, ShQMNE Geneda, tﬁe}r@eaeﬂsgfs@&wnmm abrocess
using a |ithographic projection apparatus, a pattern (e.g. in a mask) |s

i maged onto amegifisetiqetfactqrigepagaliyt< ll)éstSPeﬁS‘a\f fetu“éarqhyhecssbﬁérmeépblws ganngg er

radi ati on- sengiifde\4GackB efith& thdt bEHiSH the md3k kBl id Qaﬁn@& %dr%@drﬂ%oﬁ%ﬂ t he
substrate may undergo various procedures, such as r| m ng, resist coating

and a soft bateeard wflitkagraghip devifeeas herselescebadont b sheanedy Bendl$ to ot her

procedures, sgeky @S, ,@co%%edq%gmrr@femge (PEB), 20 devel opnment, a hard bake
and rreasurerrentll nspection of the inaged features. This array of procedures

is used a$Sa basis to PAMABHACHINEIPFRIES PHREA lithogrphic HFoiestioRapPaaUs,8 g. an | C,

Such a pattegdued ¢ anes mhgRYisiASRd b6 £ 5BaravAhit RUS 1eRdt PABRRASVINY adset Chi Ny,
ion-inmplantation_  (doping), netallization, oxidation, cheno-nechanical

pol i shing, et ®fradiagop- S‘?“ﬁ‘f‘lé%’&é‘&‘*{l esisnPrign to this fmaging;sic; ths eyhsiratemgyandergg  sever al
layers are r egiiblisgioceddd@NsutnS pAREH L reBERERRAY b a Bft bakeV AftérdRposure, the

substrate may be subjected to other procedures, such as a post-exposure bake (PEB),

20  development, a hard bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
off an individual layer. If several layers are required, then the whole procedure, or a variant

25  thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, connected to pins, etc. Further information regarding such processes can be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to

30  Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.

For the sake of simplicity, the projection system may hereinafter be referred

to as the "lens"; however, this term should be broadly interpreted as encompassing various



25 thereof, will have to be repeated for each new | ayer. Event uau%, agbé)
array of devices will be present on the substrate (wafer). Thes Y <o
are then separated fromone another by a technique such as dicing or

sawi ng, whence the individual devices can be nmounted on a carrier,
connected to pins, etc. Further infor mati on regardi ng such processes can be
obt ai ned, for exanple, fromthe book "M crochip Fabrication: A Practical

GQui de to 30 Sem conductor Processing”, Third Edition, by Peter van Zant,
MG aw Hill Publishing Co., 1997, |SBN-#-07-067250-4, incorporated herein

by reference. For the sake of Si C t he ectlon
ot o1 nat s or © bEPRA BRET Sy R Pl e Pl USve RS SRR BHBE! d be

broadly inter s@hﬁd’oﬁ@aﬁﬁl@(Jlmﬁaﬁiﬁah&gsyytalﬁ|nﬁ5‘§lsé-ﬂacldw-c\6m3&@§tsby@ﬁﬁlgOf proj ection
system inclu .refractive optics, .reflective optics,_ and catadioptric

systens, for éssa iedo anyobthese fiesign b &7 diresnanaping Steontillingfhe Praiseivdnent s

operating aceQhflfishidtion, ana/su@ﬁ c&ﬁp@ﬁ&ltsd@asrlagab& ¥Resd fodelodi EMedtivelg or Shapi ng or
control li ng the projection beamof radiation, and such conponents may al so

be referred tnBEAYweS acknt eltriberetbs lithperaphig qﬁ@mfasfw be g&a type hayipg'two o t her

the |ithographiofe sabal #blés (BYr 98 oPoR n&amp@bm\{h R@h EWRIIPIE stadPUBvig DSt rat e
tables (and/or two or nmore mask tables). In such "nultiple stage" devices

the additi onafhepddiionsl talss may beused in Reralgly of Preperatopy; steps BARPefEBIed OWOB9EE MRy be

carried out Op 9EE tabRk whiRY dhe bAkbre SthwhhilQ aw‘&mghsm&%x&;sh}e{ phaklags are being
used for exposures. Dual stage |ithograp ggarat us are described, for

exanpl e, in UiShograpbic aprarataspe W@S‘? ﬁ%?@"f{“plel@ﬁ] BYE AREWORSHAGTH by

reference.oSi {nb&p&at\g@ﬁ@g@bmﬁggn&eor manuf act ure of sem conductor devices cone
in standard sizes - 150mMm 200”"} 300nm (often referred to by their
approxi mate size in |ﬁ’(1:‘Ffé‘swafef%“’se fpr mapyaciupe 9f seigondugion dgyigrs cos es ar e

becom ng lncrﬁﬁ@bﬂaglz)és -Q@@Mhmafooﬁnhﬂ@@)nmwten ey Ry IRA aPffofiRAEREIUr ed on a
singl e wafer, reducing nber wafer exchange steps 15 and hence

i ncreasi ng th'r“&‘tf@hﬁulg anﬂﬂ?ﬂa@#%mger %ﬁﬁ?{Fchtﬁg““gé?fﬂeaﬂ’c‘%\)él’OP&Bb%Wcét%e used in

seni conduct or 4dvRBifaa Gt Hafifacik& ofl @ SinglR S fet, eddBh K thWhidbet BesLexshapsiagd waf er
sizes. In general a |lithographic apparatus will accept wafers of only one

standard 4fzeand| ﬁn°§b‘icfeés"iﬂ‘thmtlﬁ’@“‘gé‘fh?%‘iph‘ﬁra%ﬂaéﬁ“@rﬂf‘é ofhgr appaiptyesedisf er si zes,

in some speci ghiighddcioeh@fuficturd, sredesinea@il vork RithBeseafahdrd warbmpud agt ure on
wafers that are smaller and t hi nne than the standard sizes 20 nenti oned

above. It is H3f@vafh &ﬁ@@&fﬁ@?ﬁr?’fust‘ﬁ ReESSRIEET e enly onetiendtrd size- B gRitsi ¢
appar at us t o @egaenpsiatRn@eargdilater siRd, ih Bonie spediisSfields it is desirable to be

able to manufacture on wafers that are smaller and thinner than the standard sizes
20  mentioned above. It is however uneconomic to manufacture or adapt lithographic
apparatus to accommodate such small and thin wafers.

Silicon wafers of the type discussed are usually very thin (for example 100
to 350um, e.g. 140um) and because of this tend to curve substantially under their own
weight. When making exposures on a stepper tool, the wafer needs to be flat within one

25 micrometer. Further, it is advantageous for the wafer to be flat during handling so that the
wafer can be moved through tight spaces without collision. Furthermore, curved wafers
give rise to other problems when handled by robot, for example because they are fragile
and it is sometimes difficult to obtain good contact with a vacuum holder when a wafer is
curved. It is therefore desirable to keep the wafer flat for all of the time that the wafer is

30 inside the lithographic apparatus.

It is an object of the present invention to provide an adaptor that can hold a

relatively small substrate and allow that wafer to be imaged on in a lithographic apparatus



Silicon wafers of the type discussed are usually very thin (for fﬁf ﬁ) 00
to 350m e.g. 1401im and because of this tend to curve substant e
their owmn weight. When maki ng exposures on a stepper tool, the mafer needs
to be flat wwthin one 25 mcroneter. Further, it is advantageous for the
wafer to be flat during handling so that the wafer can be noved through
tight spaces without collision. Furthernore, curved wafers give rise to
ot her probl ens when handl ed by robot, for exanple because they are fragile
and it is sonetines difficult to obtain-ood contact with a vacuum hol der
when a wafer js. curved. therefore desirable to keep the wafer fl at

for all of theAvingRsubsiae taf’]r‘?éd?ﬁ&ﬁfjé‘?ref"’s"e adgyesr suste endeer 1o epaRgesspthin s par at us.
It is an obj eghsthfe fréRssiig@pindusiaBapRAlib Qs gdrQutdirAl de an adaptor that can hold
a relatively small substrate and allow that wafer to be inmaged on in a

i thogr aphi ¢~ appar at uslt ¥2 fytheyogstien odhapsgsPHivertion pstreadeeneanfoe adapted to
receive a | argehnsihstd wif& mnd/ or to be processed in other substrate
processi ng apparatus adaptéd for |arger substrates. It is a further

obj ection $0 the presehte okgeefitliecdivepapnsanbe wied wdnsyastpissuchyps siliee WAy t he
wafer flat. 5,,Tha aggtbgt%esgtotm%ﬁ RYSHREE AReGAN be used with substrate such as
silicon wafers as wel|l as substrates of other non-magnetic materials. This
and ot her objects are Qﬂh?f’é‘\%‘tﬁr%Q?Eﬁramaﬁ]@e‘teéa‘tcﬁ@mtgr‘R/@ﬁtnl"@WOPﬁl%F“b%@trate

hol der conpri )i sk & pliR HSbe 1AVinD Y fifkt tdnt o sinr8lenable 8) 2 RinbggHivabl e by a
l'i thographic apparatus, and a clanmp for holding a substrate of ‘a second
noni nal si ze, aPpereis. gedpriemn for heldingisubsitasecof b sqcpns nomirial wize, saithsscandi d fi r st

nom nal sige. nﬁlglgE@m%smﬁerQﬂaﬂg@d Fstdapnigs to hold the substrate around

substantially all of its perip This allows the wafer to be kept

substantially flat andl’refﬁ%1 by dhs C!aﬁ’atls yersed tobeld thesubsitpte Aropprsubsantiahially st em i s
achi eved when,dhlLgs eTﬂE QM% vhafer td e KR RER BN Bht anf Bsudel %Q@%Bb&t' ng the
vacuumto the wa clanmping the smaller substrate to a Targer plate

menber, whic hcorl@ctcwlthahe wemrrh%mee isAghigysd prherhiples ate peoyifle i the Dlate siselierhy a

st andard |1 t h@pkARRItEnARPAERRHS thetRrsmal | er  substrate can be processed by

the |ithographic appar at us, or other substrate processing apparatus,
Wi t hout ng& fication t%éqlwng the smaller substrate to a larger plate member, which is of a

nominal size such that it can be processed by a standard lithographic apparatus, the smaller
substrate can be processed by the lithographic apparatus, or other substrate processing
apparatus, without modification thereof.
Preferably the plate member is substantially circular in plan and may have
20  one or more flats or notches. The plate member may comprise a silicon wafer of standard
dimensions to which the clamp is attached. Alternatively, the plate member may be made
of Zerodur (™) or another non-magnetic material of low thermal expansivity.
The first nominal size is preferably 150mm, 200mm or 300mm or larger.
The second nominal size may be 100mm or smaller. The nominal size in each case is the
25 nominal diameter of the plate member or substrate, disregarding any flats or notches. The
substrate and holder need not be round but may be of another shape, e.g. square. In that
case, the nominal size is the largest dimension.
The plate member preferably has one or more positioning pins located such
that when said substrate is abutted thereagainst, the substrate is located at a predetermined
30  position and/or orientation on said plate member. Where the plate member is provided
with one or more flats or notches and the holder is to be used with a substrate having one or

more flats or notches, the positioning pins are preferably located such that the flat(s) or



Preferably the plate nmenber is substantially circular in plan anﬁ‘{’[ﬁ%@@ﬂge
20 one or nore flats or notches. The plate nenber may conprise

waf er of standard dinmensions to which the clanp is attached. Alternatively,
the plate nenber nmay be made of Zerodur (TM or anot her non-nagnetic
material of |ow thermal expansivity. The first nom nal size is preferably
150mm 200mm or 300mm or larger. The second nom nal size may be 100mm or
smal l er. The nom nal size in each case is the 25 nominal dianmeter of the

pl ate nenber or substrate, disregarding-&ny flats or notches The substrate
and hol der need not be round byt X be of another shapeg, g. .square. In
that case, tHEcHEHPhTAg substzie afedn ¢ prg qt%{pa)gg;tpre&r%h 8§R°"d1*f¥e°rﬂﬂn5‘E‘%“ Renber

preferably hage@kes)0F ndioh(es) d@iplatedidn@r.pi Ns | ocated such that when said
substrate is abutted thereagainst, the substrate is |ocated at a

predeternined 30 posi FReHMRRITERbI, FamTscsirnA olRagaeicanayriat havivg ABRET \Wher e

the plate nmenfigfout SmiiQy b Sdaliet thbh ROButcoftBUref §ai Bdubstale a4 ghﬁﬁty%nd the
hol der is to be used with a substrate having one or nore flatsS or notches,

t he posi t i dninagnsisfizedtp saighplate grembery This emtngementenureneyen fores #1p applied toor 11 JULY

2006 -6 not chgeghstre, wﬁngeabééprtﬁé &bﬁfaﬁ: ﬂanwﬁlspéneaﬁltg%%tsmckn@gs%ffﬁl@abl y
correspondi ng, orientation to at(s) or notch(es) of the plate nenber.

The clanp pr eﬁ‘l’b$tam15¢16€b‘ﬁﬁ?|‘@é§n3él r| ng of magnetic material having an inner

contour sinilar to butm%rm!férﬁeaeﬁqml;}nénheheqﬂ&@rhe&mtswvm@éwﬁ@mnémstrate and
a plurality of 5 nmagnets fixed to said plate nenb Thi s arrangenent

ensures even Hayemawtharegion gp Whish saigsubstigte 1%’{91?3??%?% Thﬂé!ﬂmamj" PisveaEsep t he

substrat e, 6'aghomnkéﬂelﬁp@ﬂaﬁcﬂlgmtth@clirﬂ;e@lsugsmt@kness of the substrate hol der
to be kept snall n a preferred enbodi nent, the plate nenber is provided

with a fine burl patt&fcarding tg hiurthes gsnset obhe yvpsion disteds BonddadeEcs s to be

pl aced. The hysl.rRAthEhOhET &M ggmcgth,;gepg@prt range height variations in the
cl anped substrate. According a further aspect of the invention there is

provi ded a devi ceProvigingrgetstiste H’@t ‘ﬁﬁt‘ﬁé‘c?aﬁ’é}‘bbﬁqvél%@/ alpwer efradiatiosf . - provi ding
a substrate that |S§,sﬁ§,e,lng@,§q partially covered by a layer of radiation-

sensitive material; 15 - providing a projection beamof radiation using a
radi ati 0n]55y st em prov1d1ng a projection beam of radiation using a radiation system;

- using patterning means to endow the projection beam with a pattern in its cross-
section;

- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,

20 characterized in that said step of providing a substrate comprises the sub-steps of:

- clamping said substrate to a plate member having a larger nominal size than said
substrate; and

- loading said plate member having said substrate clamped thereto into said
lithographic apparatus.

25 Although specific reference may be made in this text to the use of the
apparatus according to the invention in the manufacture of ICs, it should be explicitly
understood that such an apparatus has many other possible applications. For example, it
may be employed in the manufacture of integrated optical systems, guidance and detection
patterns for magnetic domain memories, liquid-crystal display panels, thin-film magnetic

30 heads, etc. The skilled artisan will appreciate that, in the context of such alternative

applications, any use of the terms "reticle", "wafer" or "die" in this text should be
considered as being replaced by the more general terms "mask", "substrate" and "target

portion", respectively.



- using patterning neans to endow the projection beamwth a paiffﬁJH éts
Cross- section; - projecting the patterned beam of radiation onto a 3
portion of the layer of radiation-sensitive material, 20 characterized in
that said step of providing a substrate conprises the sub-steps of:

cl anping said substrate to a plate nenber having a | arger nom nal size than
said substrate; and |oading said plate nenber having said substrate cl anped
thereto into said |ithographic apparatus. 25 Al though specific reference
may be made in this text to the use of the apparatus according to the
invention in the nanufacture of I1Cs, it should be explicitly understood
that such an appar at usPHBEPTERERhAORTRRY the frzms [spdiatig dWécQ?Fbﬁ@“s 9€dP exanple, it

nmaybe enpl oyeghchiipdsal @mufa&trumgn@cic ﬂacﬂlﬁtﬁﬁhﬂél&ﬂng(lmfrdvﬁﬂ’ét raﬁ%ﬁbﬁ@rg w4 dance
and detection patterns for nmenori es, qgui d-crystal display

panel s, thi n- ¥ivelength ghidi ?6‘88’(93h1é&a§126é¥f8 andrFidV mrFrP%\%itraWPl%ﬁlaww 24

appreci ate t hl?a'fvm 'a'%va%]éhgﬁx%lh%%&ng@ﬁ 26 ) a@WEIPLsPALIEIY BeanRPRLH £34d R3%s ordNY USE
of the ternms "retficle" wafer” or "die" in this text should be considered
as being r%plﬁ@@ﬁnbvmﬁhe nore general ternms "nmask", "substrate" and "target
portion", respectively. 11 JULY 2006 In the present docunent, the terns
"radi ati on" and "beani are used to enconpass all types of electromagnetic
radiation, including ultraviolet radiation (e.g. with a wavel ength of 365,
248, 193, 157 or 126 nm and EUV (extrene ultra-violet radiation, e.g.
having a wavel ength in the range 5-20 nm, as well as particle beanms, such
as ion beans or 5 el cbnbadinegtsfiihe iration b rvsbegtesarifed, BhW@mfieWRM || now be

descri bedjg bYonRWiRkefG4RER tRe acdOnfaRiXe scM\éntlahc aﬁaﬁ?m%&o the acconpanying
schematic dramnngs in which: Figure 1 depicts a ['ithographic_ projection

apparat us in whi ch enb@eirerkAtpicts ﬁfthqgf?é’hﬁcﬁ%tl‘?"cﬁﬁpﬁﬁys ipavhigembodimeitr e 2 i s an
expl oded vi ewQfe idveatidhhdydk @sdaol der according to an embodi ment of the
invention together with a substrate; 15 Figure 3 s a cross-sectional view
of part of the substr aﬁlyrﬁ@)pdglex;&qdeqtyl@wpéa glbstrate holder according to an

embodiment of the invention together with a substrate;
15 Figure 3 is a cross-sectional view of part of the substrate holder of Figure 2
with a substrate clamped therein;
Figure 4 is a plan view of a substrate showing the areas that can be imaged
and measured when the substrate is held in the substrate holder of Figure 2;
Figure 5 is a perspective view of a tool for mounting substrates onto the
20  substrate holder of Figure 2; and

Figure 6 is a perspective view of a wafer handling tool, as viewed from

underneath.
In the Figures, corresponding reference symbols indicate corresponding
parts.
25
Lithographic Apparatus
30 Figure 1 schematically depicts an exemplary lithographic projection

apparatus in which embodiments of the invention can be used. The apparatus comprises:
a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g.

DUV radiation), which in this particular case also comprises a radiation source LA;



Wi th a substrate clanped therein; Figure 4 is a plan view of a Sfﬁitra#ogm
showi ng the areas that can be inaged and neasured when the subs ‘the

held in the substrate holder of Figure 2; Figure 5 is a perspective view of
a too] for nmounting substrates onto the 20 substrate hol der of Figure 2;
and Figure 6 is a perspective view of a wafer handling tool, as viewed from
underneath. In the Figures, corresponding reference synbols indicate
correspondi ng parts. 25 Lithographic Apparatus 30 Figure 1 schematically
depi cts an exenplary |ithographic projection apparatus in which enbodinents

of the invention ¢ be used. The atuys canprises: . a_.radjiation system
B, T, Tor suppl 910 OBesh EBfe etk S BASeg PGt P (5 PO gk
radi ation), wkiiaAqBgidvefidld)San® érinkdted ta firsCSiEiodthSMeO Fap hdcERlyPokiAeHimi thon source

LA, 11 JULY 2006 -8 a first object table (mask table) MI provided with a
mask hol der fBPkNEPATAE R B MA (e.g. a reticle), and connected to first

posi tioning neans afkQbn@étde @616 [sUbdRars tabiePWTHoVidea withaSkoswhit Rola@shect to item
PL; a second object table Eégubst,rate table) WL provided with a substrate
hol der for> ShotngR syhstigte et p sasist-Rpied sificonyvafeals pndrcopnseled 9 sesopd con waf er)

and connect etydsiBoRREABMS foPQ&Lﬁaiegrﬂoﬂgoﬂi@aﬁbssuﬁgfatea@ﬁ%sﬁéc@loyiteﬁxqflj?'t ioning the
substrate with respect to itemPL; a projection system("lens”) PL (e.g. a

refractive | ens s¢8tasefonsyftery %F’BSLW-aFﬁfﬁa&‘&eéﬁnééb’sﬁw for §peed® 2 he mask MA

onto a targetiR@stbd Mtide of the ShasiCOIAVntoS thiget PBRIoPC (IR cEmprikiRDhe & mérbe substrate
W 10 As here_depicted, the apparatus is of a transm ssive type (e.g. has a

transni ssi ve fiessrfthe supglige ¥y in general, it may also be of a reflective

type, foriexamdles deficld, thd dpPardtud i€ bf AfchinviSsive e il.e. h 4 ©mBALdiveahatk). t he
appar atus may enpl oy anot her ki nd of patterni na> means, such as_a

pr ogr ammabl e Mevevey ingener)s igpayzalsepp ef areflscivedypeepr exymalsdee. with a reflective

mask). Alternatively, the apparatus may employ another kind of patterning means, such as
a programmable mirror array of a type as referred to above.
The source LA (e.g. an excimer laser) produces a beam of radiation. This
15  beam is fed into an illumination system (illuminator) IL, either directly or after having
traversed conditioning means, such as a beam expander Ex, for example. The illuminator
IL may comprise adjusting means AM for setting the outer and/or inner radial extent
(commonly referred to as c-outer and o-inner, respectively) of the intensity distribution in
the beam. In addition, it will generally comprise various other components, such as an
20  integrator IN and a condenser CO. In this way, the beam PB impinging on the mask MA
has a desired uniformity and intensity distribution in its cross-section.
It should be noted with regard to Figure 1 that the source LA may be within
the housing of the lithographic projection apparatus (as is often the case when the source
LA is a mercury lamp, for example), but that it may also be remote from the lithographic
25  projection apparatus, the radiation beam which it produces being led into the apparatus
(e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
the source LA is an excimer laser.
The beam PB subsequently intercepts the mask MA, which is held on a
mask table MT. Having traversed the mask MA, the beam PB passes through the lens PL,
30  which focuses the beam PB onto a target portion C of the substrate W. With the aid of the
second positioning means (and interferometric measuring means IF), the substrate table
WT can be moved accurately, e.g. so as to position different target portions C in the path of

the beam PB. Similarly, the first positioning means can be used to accurately position the



The source LA (e.g. an exciner |laser) produces a beam of radi atlpln Uyt
1'1ec y o

beamis fed into an illumnation system (illumnator) IL, either
after having traversed conditioning nmeans, such as a beam expander EX, for
exanple. The illumnator |IL nmay conprise adj usting neans AMfor setting the

outer and/or inner radial extent (comonly referred to as a-outer and
a-inner, respectively) of the intensity distribution in the beam In
addition, it will generally corrprl se varl ous ot her conponents, such as an 20
integrator IN and a condenser CO In thr way, the beam PB i npi ngi ng on the

mask MA has a ired uniform:t d. int Slt dIS t|0n| its
Cross-secti onmaslﬂﬁ’?é F"dpqﬁémﬁ}&pég”\%ﬁ‘? affb@; rjEfJ fetrf"ﬁ%{t"?fhﬁe source LA

may be wit hi nmagkhea hemalnﬁt@k eraﬁy,hﬁ dhﬁﬂgh@%ﬁﬂ@b&r@rﬂv@ﬁéﬂt ofthapyest ables (as is
often the case_when é e source E i g“y for exanple), but that
it may al so bMTr ¥dorilk bf regliet pith rhef*wc@? PEFIEOKS B‘H‘chék‘,’f‘? Qﬂﬁ“‘a‘aﬁ%?raa%s t he

radiati on beakoirsle mddulp (£ pesEoniR), Mich &€ nbibkpliditedcpiRanAiLiFe 1.(€. §. W Lh
the aid of suitable directing mrrors); this latter scenario is often the

case when 3 t HAOWye Bdhq asq o aéi‘ﬁfeé%EHPﬁ‘éPs qpag%ﬁ’ to apfrR-apdsGep pRpatainssthe haskt | v

intercepts thgpleBskndyhust Whidahected t&l@dhdna&kaactm%rhﬁpb@ﬁm Having traversed
the mask MA, the beam PB passes through the lens PL, 30 which focuses the

beam PB onto a target BGPFP’&‘FF@Pﬂiﬁm’tWéb%EPBQt“rtHPélfWenW?dﬁst he aid of the

second positipning ﬂ@e}ﬁ&e(tﬁmagkrﬂ;b&rmrsqeategdeﬁlan?aawnh@ganaraaaﬁlré mask the
substrate table W can be noved accurat el .g. SO as to position

di fferent tarigeee ippirhi ae phlereinglt ﬂasaf) °“i°ri‘éar5‘c‘é£ﬂﬁ“P'BC Bletibsiptey, t he

first posigi QRbOWTTEABS IR iPfe ¥ afdorlyirdGiohy 3tk ¥ difedhithr@d pbitien Llecan) ULY 2006
mask MA with respect to the path of the beam PB, e.g. after nechani cal

retrieval of teH@adiaRddy thoepp8li a mask 1ibrary, or during a scan. In general,
nmovement of the ol seaim&&bés%nanyffhe S\Me y&ﬁénobﬁ)he@akdeg&ﬁhtwgiva,&&a aid of a

| ong- st roke modul e (course dDOSlt short -stroke deuI e (fine
1

posi ti oni ng) ,POReN &S Bt EXRASE éﬁﬁ‘!‘ﬁlﬁl "15]3/ H‘é‘ﬁ‘?dc'théa’afkrfa}#? Yrigmevabls pgwever, in

the case of EgN&ﬂﬁiﬁéctl&ﬁ @ml@fcalﬁeﬂs‘sdaﬂ)&%ﬁ‘dl”tecg theSldapetiRACwiSCAPecARPSY thdt US) t he
mask table may just be connected to a ort stroke actuator, or may be

fixed. The déb‘i E?Jéﬁ‘oabff&}%@ ifSausethio sean ¥&4 ”la g GPePETEKtheRIBwEe | I n step

mode, the ma&kbléwbhesnli«([ntdnseds@m{ovaasmtsmd &r)bp;&isﬁédlﬁﬂtafn)étaé}ﬂéh 2B M re mask
image is proj ected I h") . aonto a target portlon

one a single
C. The subst rgtigM l?etla‘tﬁ" Togyen; °§?‘F ff@ﬁpls%ﬁagﬂﬂf n1/4ﬁ’é”§) FhYS RN 1 ect i ons
so that a di fr@l@ti\@f}'tlarkﬁmettpoﬂﬁ)hb dambdexf@Bd, without having to compromise on

resolution.

20 Such a lithographic apparatus is adapted for use with a substrate (wafer) of
particular size, e.g. of nominal diameter 150mm, 200mm or 300mm, and shape, e.g.
circular with one or two flats or a notch. In particular, the substrate table will be adapted to
receive such a wafer and have a burl pattern of appropriate size and shape and locating pins
to fit the notches or flats of the intended substrates. Where, as is common, the substrate is

25  held on the substrate table by vacuum, the vacuum nozzles will cover the whole area of the
substrate to ensure an even clamping force to avoid distorting the substrate. Also, the focal
planes of the projection system and various sensors, such as alignment and level sensors are
set at a particular level and the substrate table, which will generally have only a limited
range of movement perpendicular to the plane of the substrate, is adapted to position the

30 top surface of a substrate of given thickness at that particular level. If a substrate that is too
thin or too thick is used, the substrate table may not be able to adjust its position
sufficiently to put the top surface of the substrate in focus of the projection system and the

various Sensors.



be irradiated by the beam PB; 2. In scan node, essentially the saifs grio
applies, except that a given target portion Cis not exposed in a single
"flash". Instead, the mask table MI is novable in a given direction (the
so-called "scan direction”, e.g. the y direction) with a speed v, so that 15
the projection beam PB is caused to scan over a mask inmage; concurrently,
the substrate table WI i s sinultaneously noved in the sane or opposite
direction at a speed V= M/, in which Mis the nagnification of the lens PL
(typically, M= 1/4 or 1/5). In this marfifer, a relatively large target
portion C can be exposed, w thout having to conprom se on resolution. 20
Such a lithographic apparatus is adapted for use with a substrate (wafer) of
particul ar Sig@@stre Bold@f nom nal dianmeter 150mm 200mm or 300mm and shape,
e.g. circular wth one or tw flats or a notch. In particular, the
substrate table will bBggadptaadgxrleded viewef § abstiptmholdepgererding tanhave a bur |
pattern of apprQpiiedl & iR F&eR M etidRRE ARBstaRC &hd éﬁgstﬁle%ldextfbcfolnbri{gtle not ches
or flats of the intended substrates. Were, as is comon, the Substrate is
25 hel d onSt hrdats glgmberdil o whish arehied positioning rinel 2vidandiparmanent magneth 14 cover t he
whol e area of t: : e 1 | [ voi d
distorting thzﬁlgﬁé(ﬁéﬁﬁgf‘%{h%mgo@g? E’e O%cg{}npet gﬁglﬁgléﬁg?é %%Ifngyr%ﬁ’é%gi%n system
and various skmgotten 16iserovidsd ol supporrdhesubstrate Wovel sensors are set at a
particular |evel and g citdiak hahdt 1b A0 Avey Wb Batble! o lRRLRL YotV 6 ON1 Y 3
limted range of novenment perpendicufdr to the pfane of the substrate, is
adapt ed t o pomintinabdiambter ®Oming@") sud thikresf40pm salbpgirecassed infa lighogephit hi ckness at

that partigcul ar. bt S 1 [ thick is
used, "t ne' SutpieiP puaphs & oBNRbRk SrBhy buckia o/ D BE nbllR |
sufficiently substptes of tomirtabgiapeterfla@rem@é”) erighiskssst0ine Anwélbssusingf t he
projection system an i, OU L1 JULY. 2006 - 10 Substrate

Hol der Fi gur edsl erfséon%ntoggggfg}%& t%?@%agl?égﬁegﬁ%oﬂw Pil? ROET FeP pae{%csoarngi ng to an
enbodi nent of presast ther sebstmate W anacsnitabterheightclthe sbstnsd iaddee 10 hlswesthizstier at e hol der 10
conprise a 5 _pla er 11 LG b X sitioning pLps. 12,13 and
per manent nagsHe trg&(ﬂl:%%c’ﬁ%yjbf Beé%éeﬁwkmgf %@‘%‘%Fp&’?‘ieﬁg“fé h tgP’ of P%%s,ds g‘fp ztarrp to

hol d subst¥ atfiat Wt fxposdry. This iphchiemed b thebfaet ithaptht substmatel W is dlapped\by tedlamp suppor t

the substrat erianVIS around all, or substantially all, its periphery and by the burl pattern which is

sufficiently fine to prevent short range height variations. The clamp ring prevents the
substrate W from moving during handling of the substrate holder in the wafer stepper. On
the exposure chuck, the system vacuum can be used to clamp both the substrate holder 10

20  and the substrate W. This is achieved by using holes through the bottom of the plate
member 11 which transmit the vacuum to the underside of the substrate W from substrate
holder 10.

As can be more clearly seen in Figure 4, the substrate W has a primary flat

F1 and can have a secondary flat F2. The positioning pins 12 (2 pins in effect) are located

25  so that the flat F1 abuts against them to correctly locate the substrate W on the substrate
holder 10 which in turn has a flat 17 for location of the substrate holder 10 on the substrate
table WT. The positioning pin 13 abuts a point on the wafer edge of another flat F2 to
achieve correct positioning. The clamp ring 15 may be provided with recesses in its
underside to accommodate the positioning pins 12, 13 and/or the magnets 14.

30 It will be appreciated that the positioning pins 12, 13 and flats F1, F2, 17 do
not have to ensure positioning of the substrate to within the overlay requirements of the
lithographic process to be performed but rather need only locate the substrate W

sufficiently that alignment markers provided on it are within the capture range of the



The substrate holder 10 is, by way of an exanple, for enabling 3 SHAH Rk
of nom nal dianeter 100mm (4") and thickness 140mto be processed in‘a

| it hographic 10 projection apparatus, or other substrate processing device,
that is adapted to handle substrates of nom nal dianeter 150nm (6") and

t hi ckness 500m As well as being dinmensioned to fit the substrate table Wr
of the Iithographic projection apparatus and present the substrate Wat a
sui tabl e height, the substrate holder 10 ensures that the substrate W

which may be relatively flexible and higiMy curved due to its thinness, is
kept 15 flat for exposure. This is achieved by the fact that the substrate W
i s clanped byaligpreent system of therdighogmphie enpargtug| In othgrendhgpisreptpithequbspragl W, it s

periphery andy, .t 08 rEeila nBRbrEind/oMikdBerhedt ofFidfs ahPreBichek, dhikemb 0 Prevent
short range hei'ght variations. The clanp rlggqsprevents the substrate Wfrom

nmovi ng dur i nglithegraphicrappagfustoiry bs edapted tareceiye b gebstratqwithaediffereetra ngmbgrper . On t he
exposure chuc, b t : t strate
p Jﬁg@ %}ﬁaggiﬁﬁehﬁf‘rﬂ\égwr@ﬁﬂes f ta %%g, the e@klggﬂﬁrﬁ@wlz A%n TP

hol der 10 20 a IS Is achiev ng holes through
t he bott ond of subdtretefhbkitreshouidbdyerlocated edtb ergage withswiateveriflats\and neiehes aret he

under si de of t r f S . I . be nore
clearly seen qr%ﬁ?éﬁ?}é&s@?sﬁ?t&l %ﬁﬂ%%g}?%]&%%gg Q% Sg%l;rﬁ%%&ﬂéﬁhaeﬁ&aqﬁ and can
have a secondaembef | hthoH2 havEHlgts pudirmpiohds hgengagesvhagvef ospionmgimeamsfdiect ) ar e

| ocated 25 sq_t ] L F ' r tly l.ocate the
subot rat 6w GHO TR b I sptliee EbicBPHL BBl R R Bafil” ERGNRES! P )

| ocati on of tpms Iul¥slocatettee Wadbrd in th@pleme of Fhe phtesdnbat B whiktthebiATpattdine

posi tioni i 3. e t he waf er edge of another flat F2 to
1 2%{3&%% 11?‘&9 53 .og*%l%ctgp.a

achi eve corr osi t1oni nmp ring 15 may be provided with recesses
inits underside to dotuommbddiment theplpiogiembenlil egmprispsa stéhdard35Gmu (@) t he
magnets 14. 3Q. ) L Gl . it oni j 13 and
fiats A F2. gyl ylleh e Rp@RRE 1 Fadh ke L RIR Lt A Mo 1

wi t hi n the owesmitay!lrtygaoiepeoressins To¢ magnets 14 pre hgheRpdnnaneprmagagsplated béh per f or ned

but rat her ”ﬁﬁg ax‘i’d‘t'hé/ olhRE A Eis },{aﬁel oﬁ%ﬁfa&é’é &fé%te%ﬁfnieiéscgte%y’{'}ﬁ “Eéﬁﬁﬂ%l | gnment

mar kers prov on I't are wth the” capture range o e LY 2006 -11
al i gnnment 15y dayernendbles prsessdsite rromiyethdvinagnaty ped/aapositioning pins frebe easitypdividedt s, t he

substrate W ’Fﬁ'){u%l}—g%f%sgri ht—&ft?ﬁ?%m@deﬁh’ﬁi@?i‘h?tom QL 1;’2&2?}”28?‘2%%5 ffmichats and/or

not ches, whilst t I 1 thographi c apparat us ma}/ to receive a
substrate w tehsiey thinffermingpiindshaty prbathin ring. Also, one layer can be made of a steel

selected for its magnetic properties and the other of a steel selected for strength. Of course,
a single layer can be used for the clamp to ensure a minimum height of the clamp.

20 As can be seen from Figure 3, the height T of the clamp ring 15 will
obstruct the projection beam PB if it is attempted to project an image within a distance d,of
the inner periphery of the clamp ring. The exact value of distance S; will depend on the
thickness T and the numeric aperture (NA) of the projection lens PL, which determines the
angle of the outermost rays of the projection beam. The width of the annulus that cannot

25  be imaged on will be equal to S plus the maximum width, Onax, of the overlap between
clamp ring 15 and wafer W. By suitable choice of T and Opay, the width of the
unimageable portion of the substrate, which may be regarded as the shadow of the clamp
ring, can be made comparable to the normal edge bead of 3mm. In a lithographic apparatus
with on-axis leveling, the leveling sensor beam LS-B will have a shallower angle of

30 inclination than the projection beam. This means that the shadow of the clamp ring to the
leveling sensor beam LS-B, S, will be wider and the vertical position of a larger portion
of the wafer surface cannot be measured. This problem can be avoided by extrapolating

from leveling measurements made in the inner portion of the substrate W. In Figure 4, the



and/ or arrangenent of flats and/or notches. In that case, the pOIZli ' QO\W
pins 12,13 on the 5 substrate hol der should be so |located as to njéjjé“g th
what ever flats and notches are provided on the substrate in order to
correctly position the substrate whilst the plate nenber 11 shoul d have
flats and or notches to engage whatever positioning neans are provided on
the substrate table of the lithographic projection apparatus. The
positioning pins 12, 13 locate the wafer Win the plane of the plate nenber
| | whilst the burl pattern 10 |ocatesl?t in the out of plane direction. In
this enbodi ment, the plate menber | | conprises a standard 150mm (6")

si |l i con waf ermigable atepsahdvareress-hajchied anditBe pupdagf offthershadow of theilevelsersost eel  and
attached to t@ﬁn%'sﬂ{»%asg%mg{]uﬁ'el by an epoxy resin. The magnets 14 are NdFeB
per manent magnets plate Ni P and the clanp ring is nade of two |ayers
of ferrite stainless stbeding @h0dgdoadingwatsrsl¥ ohtgylersebstratabblder I0écesses to
receive the S

Thr ough- hol ersm((%ur"'ﬂ cut g%%’gs{ g’hgqga%né 51iuﬂqtpﬁ'“&%i] Foewﬁalthé%ﬁﬁtg %}élkgrﬁqll%lyer only;
this is mich plaeedsegrbytatvaafﬁrhmdhngvgbdal(nqndnowhmtElgurnS)a)rmanmallyl Tige. plAdfoso, one
L?Kg:: g?nab§t2ggx?salg atlg gatrﬁ? whncf?? gg%ets?% ﬂa%7 of h% 'pﬁ?éqge%beg llpt[)o s%re;f:;c/)r:rgct 22g Lge
used for the lcudaamphtrcnfeﬁswthae mattmnmlbmm hemgdvtly lofatddrilee waifarﬁvj is flredentcan be
seen from Fi gur.e t he .h h truct the

proj ecti on bgha bulggattefm ar%da augs {hte gos?t{on &g?mg by ntlil{s e bel%e}%rmedg%r wlgl]l}‘J L di st ance
dlof the mhmndhpgrqbph:enymaﬂytﬁe vzalfeaNplsrther@fter'Ehmpmcatvammlmje keﬂp 1t:instance S,
will depend o I n ¢ apert

projecti g& I@Eace Bﬁeanv\ﬂﬂeﬁ lsafng ﬂgej'ssth?ﬁon yl{’rae &3 of the g %3 r‘r%csytumr ays of the
proj ecti on besmnnillirehwkds hasdécatohholamwhmwjetchrats tltaawgage vaﬁa lqpator piag2d on wi | |
be equal to S W dt f erI ap.hethween clanmp
ring 15 and \RB%VPJCHWP@?O sui ta mh nggléceh%gz%gmv%n%n o’fvﬁre W {hﬁ of the

uni mageabl e phtfomo?l softhat theckambz;ltlg atcwecﬂmmd’nedrmyxbbe suesyrared@dTbsvamhmxshadow of

the clamp ri . o X ) f.3mm In a
| i thographi c*%g’f)é%g% al;z&hﬁf%glﬁ]a?a{agg{ glg}'egvltg% ﬁrg] ki &%ﬁ évh%ﬁlqﬁg ggenssg‘rto beam LS-B
wi || havelsa ghegldtomenbeahyl Eheofbs@ge hqidﬁlrllhatdlhoh sttisirate Wheanpirepjbe deliverad beam  Thi s
means t hat tl{'oeth§nf%g§¥)%l aﬁg{;&uscj:?rgilvyarepganggn . f‘ | evel ing sensor beam LS-B

SIB, will be w der vert positi a larger portion of the
waf er surface cannot be neasured. This problem can be avoi ded by

extrapol ati ng. 1t ARulE%ehdiNg Measurements made in the inner portion of the
w—?. gu

substrate W the Il JULY 2006

20 The wafer handling robot (known as a wafer handling tool) referred to
above can be used to position the plate member 11 correctly on the platform 21 and can
also be used to position the substrate W correctly onto plate member 11. A wafer handling
robot is preferred to manual handling because manual handling can cause contamination of
the wafer W and can result in less precise positioning than is possible using a robot.

25 Figure 6 shows a bottom perspective view of an embodiment of the wafer
handling tool 30. The tool comprises a central planar recessed area 31 and a peripheral
reégion 32 that extends out of the plane of the central recessed area 31. The peripheral
region 32 is in this embodiment split into three sections A, B, C and is capable of
presenting a vacuum to the edge of the wafer. In this embodiment, the vacuum is presented

30 using a circumferential slot 33 formed in the peripheral region 32. Sections A and B of the
peripheral region 32 are smaller than Section C. In this embodiment, Sections A and B
each span a circumferential range of about 30° and Section C spans a circumferential range

of about 160°,



-12 imgable area is shown cross-hatched and the boundary of the s f
the I evel sensor beamis shown as a dashed |line. A |l oading tooﬁlzgﬁggﬁhg
| oadi ng wafers Wonto the substrate holder 10 is shown in Figure 5. The
| oadi ng tool has a platform 21 onto which the plate nmenber 11 is 5 placed,
e.g. by a wafer handling robot (not shown in Figure 5) or manually. The
platform 21 has a | ocating bar 22 which engages the flat 17 of the plate
menber 11 to ensure correct |ocation thereof. Once the plate nenber 11 is
correctly located the wafer Wis placed-18nto the burl pattern and agai nst
the positioning pins. Again this can be perforned by a wafer handling robot
or manual | y. The waf erEagh pkthe theae perinherel regiense 8, B yhoavnymEiguigbtcan keep it in 10
pl ace. Meanwh liBfh éﬁﬁ% Ithd¥o1ta {RuihEbindfor 30w AR H! 1 1Y BRHT EJYICK 23 by
vacuum thgh%hﬁﬁrar§éﬁuc fé ha% %ca?or hg%eé 24 on Srofectﬁ%ns t hat
engage W th |\ecarmopuny siger28r thphksyi ded on pl atform 21 when the annul ar chuck
23 is inverted and | o ARt I i ring is
correctly | ocated ove\rhﬁ{eﬁlgcusﬁggﬁ(gfrem @&%ﬁ%ﬁ?%ﬂqt%%ﬁﬁ?eﬁle sed and t he
annul ar chuck32raermefendbly lasated swgh thateingise aply thie euteirdieiofithe wafgmensontactt o 15 t he
pl ate nmenber 14 .. T r t hen be
del i vered to‘%ghrf]ée |8]t ﬁfgg?gé%s |d?e§%lp%§a;3'tlgp:s}?vg’ggt3?%€r t\?ﬂ%@% aﬁéﬁﬁ%%%‘ggfr obot .
Waf er Handl i nie tRolbdts valbbeTsven indrigare 6 thactarerggpy 30bfi at Ckrapnpositignsaronad e handl i ng
tool) referr ecdr &rgfe el eoo\fﬁ]ecf(g)?_ algﬁgig ?sqgal}on tRé)&%f&JtQ B'ee;(%lg ge(peJ %1& ﬁSI?J*b filts Jnl
correctly on the pTa form and can’ al so be used to 603|t|o e substrate
W correct|y aohdweafplatder suefadse Forlekample, Werfagyafen g frags Flraob b2, thesogBeftarred to
manual hapdlin e j - S ' [ t he
vafor W and ik BEGRHLE AN A PEOMM QRSP phPNRA SRR IR Bhlle. Latng o
robot. 25 Fi gure @ telgepss3Sandthistaginimpeitinp the tafee dapnegaio onta thegpidboniemient  of t he
waf er handl ing i . ssed area
31 and a perﬂghgpgg S?gﬁygﬁggéﬂﬁégﬁﬂﬂgbgﬁgéﬂ%bﬁgglkﬁkga%%gﬁicéﬁa he central
recessed areagddst refdrencpping phéd.al region 32 is in this enbodi nent split into
t hree sections A B, i< S e b .Fhe edge of
the wafer. In this eangglmr%{efﬁ fe t vgig %%a&iﬁ%?g&saeeﬁgl ebgca}gg&g&%étg%athh
ci r cunf er Bnt iasd easyl tomagFactuse ansigtloinat daegqibe Waftrepdicer Beyasals3®. Sections A and B
of the peri ' A esmly §kadihan Section Co In this enbodi nent,
ﬁ%ﬁ%ﬂk@%}?ﬁhgg’ﬁ)a fart }ﬁﬁta lé]

Sections A a an ‘a ci rcum‘]er ential range of about 30 and Section
C spans a ci r cunf er entThepdvagtaggeof the tool is that it allows the wafer to be handled from the

—

top, instead of the bottom. This is made possible by the use of the peripheral vacuum
chambers 33 that do not interact with the useable central portion of the wafer. The tool can
20  be used in various situations where it is not possible or desirable to handle the wafer from
below. For example:
- a wafer needs to be positioned on a surface in which there is no room for a
backside tool;
- the wafer has to be removed from the surface it has stuck to or where there
25  is no room for the standard tool,
- there are devices or other sensitive components on the backside of the

wafer.

The peripheral vacuum chamber design of the tool allows very fragile and thin wafers to be
30 handled in a reliable way. Furthermore, it has been found that the tool itself helps to flatten

curved wafers which makes later positioning of the wafer much easier and more reliable.



of about 160. 11 JULY 2006 -13 Each of the three peripheral reglfyy%U620§6
shown in Figure 6 can be connected by holes inside the tool to vacuu
connector 34 which in turn is connected to a vacuum punp systen1or the

| i ke. The vacuum slots (or, nore generally, chanbers) 33 in the peripheral
region 5 32 are preferably |located such that, in use, only the outer edge
of the wafer is in contact wth the tool. The recessed central area 31
prevents the wafer touching any other part of the tool. As will be seen in
Figure 6, there are gaps 35, 36 at cert-d#n positions around the
circunference of the tool and this is to allow the wafer to be pressed

agai nst fixed points oMhilst spscifigerahodimsnigef the ivention havebeenglreeripedabovepit a waf er
having flats [ ) be%f?amdm?th& 91%nt1%9m9§‘9e %QWQe&themge R Rldedtived T the flat F
| being exposed In‘gap 3 bei ng exposed in one of the gaps
35 and this aiesj:gpilqn1s@qtmtwge<iqqémvmheepveamm again onto the plate menber 11.
The gaps 35 and 36 also help to visually verify that the wafer is positioned
correctly against reference pins 12, 13. The tool is preferably nade froma
pl astics material because such nmaterials 15 are easy to manufacture and do
not damage the wafer surface. Polycetals, eg. Polyoxynethylene (PO are
particularly suitable. The advantage of the tool is that it allows the wafer
to be handled fromthe top, instead of the bottom This is nmade possi bl e by
the use of the peripheral vacuum chanbers 33 that do not interact with the
useabl e central portion of the wafer. The tool can 20 be used in various
situations where it is not possible or desirable to handle the wafer from
bel ow. For exanple: a wafer needs to be positioned on a surface in which
there is no roomfor a backside tool; the wafer has to be renoved fromthe
surface it has stuck to or where there 25 is no roomfor the standard tool;
there are devices or other sensitive conponents on the backside of the

waf er. The peripheral vacuum chanber design of the tool allows very fragile
and thin wafers to be



30 handled in a reliable way. Furthernore, it has been found thaf jﬂ%iﬂ‘ﬁﬁ'
itself helps to flatten curved wafers which makes | ater positioning of e
waf er nmuch easier and nore reliable. 1! JULY 2006 -14- Wilst specific
enbodi nents of the invention have beenl§lescri bed above, it wll be

appr eci atm the invention may be practiced otherw se than as descri bed.
The desc is not intended to limt the invention. 11 JULY 2006 15
CLAIMS |I. A substrate hol der, conprising: a plate nenber having a first

nom nal size receivable by a lithographic apparatus, said plate nenber

havi ng a rlecei VA Agpsgiater TORPTHHISEE: a substrate of a second nonminal size is
di sposed, and said pl I i onfi.gur . tantially.entirely
support a | ower surfaa@ét%é]fqagr@e?él agﬁlggﬁrg r{ébnﬁ lg%cf%% r% eé\r’r%l‘légg %?1 Ehl?gfaé’élcand
arranged tagpheihd, i plakubshbattRvidl aresaeiapdurfieronnahick hz8bsitd by pl at e
menber, the second nom nal  size being smaller than the first nom nal size,
wher ei n s &pePndinory Bl S7si 1& dappist atnidssaidsplateiagmbgr bgingsanfiguedd t o expose

substrat esPQ&é@ﬂgyﬁ{ﬁé&ﬁ&pﬁlﬁIﬁg?ggli sdur{aiégF ari]cﬁmbrs]ﬁ%teg%lzde! and wherein the

3 e
clanp conprrs I'¢ matérral” havi i nner contour sinilar

to but smaller than ddgmpebmtruerdtaad arrehgddne hldhaid absirt oflaseoagd nom nal
size and a plurality of magnets are fixed to the plate nenber. 2. A

subst r at e nesliep sizgevdhelplaty memberathasecongiioming sizgibging amgdler thaadapfisst t o hol d
sai d substrati f a second nom nal size around substantially all of its

peri pher y.nogj.ma Séibstrate hol der accor di ng to claim1 or 2, wherein the

uni mageabl e porti on vafereih ReIdIRBOREPIE BSIar AlSis originale cohSgide® &S éxpasy al
portion about 3mm w de. 4. A substrate holder according to claim1l1, 2 or 3,
wher ei n sapestigtesthavingsybstantidiyspidSast nonyinslisizgnangaf er of standard noni nal

di mensi ons to which ol ' - : accordi ng
toclaiml1, 2, 3 or Vglll,ﬂa?el é@%@ﬁl’@&f}%ﬁ%ﬁ%{‘a gange%fbnéé@;%gp%ali&}a? hQ\%g &h
inner contour similar to but smaller than the outer contour of the substrate of a second

nominal size and a plurality of magnets are fixed to the plate member.

2. A substrate holder according to claim 1, wherein said clamp is adapted to hold said

substrate of a second nominal size around substantially all of its periphery.

3. A substrate holder according to claim 1 or 2, wherein the unimageable portion of

the second substrate, in use, is a peripheral portion about 3mm wide.

4. A substrate holder according to claim 1, 2 or 3, wherein said plate member
comprises a silicon wafer of standard nominal dimensions to which the clamp is

attached.

5. A substrate holder according to claim 1, 2, 3 or 4, wherein said plate member is

substantially circular in plan and optionally has one or more flats or notches.

6. A substrate holder according to claim 5, wherein said first nominal size is 150mm,

200mm or 300mm or larger and said second nominal size is 100mm or smaller.



substantially circular in plan and optionally has one or nore fhgg?LQQPoé

notches. 6. A substrate hol der according to claimb5, wherein sai I'rs

nom nal size is 150mm 200mm or 300mm or | arger and said second nom nal
size is 100mmor smaller. 11 JULY 2006146 7. A substrate hol der according

to any ong AlsubffutPhoREderdih Moy MORE HehrodtheR AR, wIBRLIdRone of

nore positioning pins |located such”that wh I tted

t her eagai mstmbet hes snthsit martegossiohmgatied oedtedsyshehie tverem sagldsupstsate ison and/ or
orientatio aid plat er.. 8. A substrate holder. .according to claim
o For “usabufethihEetBud Be SRRGHe s Risaloda  RiscBlerpiis SO51ORGR LB wher e n
sai d pl at @@RARES oh SaiRpPMé AREhHY.th one or nore flats or notches and said
positioning pins are |ocated such that the flat(s) or notch(es) of the

substrate are in a predeterm ned, preferably corresponding, orientation to
the flat(s) ,or, not es) of.the pl.ate nmenber... 9. A substrate hol der

accor di ng 3 6 HHYRER EOBF 1T o iRy AP Er i IR S HESPECE TR nber | s
provi ded WatdhraiotdhREe WiHin REUISRHE refhbeh R oAU wAR Bl hos@highspubstrate is
to be placed. 10. A nethod of operating a substrate hol der, the substrate
hol der comptches ayl seidopesi tommgriies atedviated suchithas thenfdat{ ) al netiches) ofabei vabl e by

a lithographic apparatus, and a cl for holding a substrate of a second
on nal s SRS 1L BB B e G P RTBo i, OB ERER S RE AT mom nal
size, sai QofmRidPer GLPRIté feffber.- | OCating said plate menber on a platform -
pl aci ng the substrate on said plate nenber in correct orientation; -

| ocating said clanmp on a chuck; - lowering said chuck onto said platformso

as to correctly |ocate said ¢l anmp over aid sybstrate tp there clanp said
Substrate % & SRR NaRe fefire ey OB a6 IR ate 0GR, VEERH R vher o n
sai d | owerhdighep i LRroCRIBR WiSfine bdrP?ﬁfe‘rﬁ‘Qm fAek&For Hn SARich aiiicipsirtt Ik i ns on

said platformso as to correctly align said <chanp, said substrate and said

pl at e nentbemplacg@. A devi ce manufacturing met hod conprising the steps of:

10. A method of operating a substrate holder,
the substrate holder comprising a plate member having a first nominal size
receivable by a lithographic apparatus, and a clamp for holding a substrate of a second
nominal size, said second nominal size being smaller than said first nominal size,
said method comprising:
- locating said plate member on a platform;
- placing the substrate on said plate member in correct orientation;
- locating said clamp on a chuck;
- lowering said chuck onto said platform so as to correctly locate said clamp over

said substrate to thereby clamp said substrate to said plate member.

11. A method according to claim 10, wherein said lowering step comprises:
- locating holes in said chuck with pins on said platform so as to correctly align said

champ, said substrate and said plate member.

12. A device manufacturing method comprising the steps of:
- disposing a substrate on a receiving surface of a plate member, said plate member

being configured to substantially entirely support a lower surface of said substrate;



- disposing a substrate on a receiving surface of a plate nenbenyg jpaldoed at e
menber being configured to substantially entirely support a | ower surface
of said substrate; 11 JULY 2006 17 - clanping said substrate to the plate
menber, said plate nmenber having a fir$?T nominal size |larger than a second
nom nal si : = I ! ing said

subst r at o -1 At oA SRR ethe pileiRAH0E, S04 Hol AL GOR AL 09

proj ect i ngohligal paicti@acthahasdesodt noadhakizenf itsabsrdtgr get portion of a | ayer
of radiation-sensitjve materi al diiggsed on an upper surface of said

subst r at e,” loddieg et plets BempeRAyngRICsuRpipae slamped shesptodnigarldy confi gured to

expose su i bstantially said nom nal size, and wherein the
substr at eqlﬁlgggz%rgﬁn%%ﬂﬁx%ﬂgﬁgapl ate nmenber magnetically. 13. A device

manuf act ur-ipngjecighthe pattanedbergn dradiadibimoiid,a takpet portios af d 1pleaaPi ng  step
conprises clanping said substrate around substantially all of its periphery.
radiation-sensitive material disposed on an upper surface of said substrate,
wherein said lithographic apparatus is originally configured to expose substrates
having substantially said nominal size, and

wherein the substrate is clamped to the plate member magnetically.

13. A device manufacturing method according to claim 12, wherein said clamping

step comprises clamping said substrate around substantially all of its periphery.





