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nmet'hod for detecting defects on a substrate in a processing1to I he

. present invention relates to an arranegnent. and a nmethod of detecting
defects on aVOUR8¥F¥te in a processing tool, a -device trRESFER024518% an

optical sensor and an illum nation sysﬂen1for i 1lumnating an area
noni tored by said optical. 10 sensor. in sem conductor naﬁ@facturing -

particularly seniconductor wafers, masks or reticles jmmw ﬂMBﬁNOf
circuits

processing steps is perforned to build structures lik
on 15 t hebPessuipbtes. Many of these processing steps are foldsited by
netrol ogy steps in order to check, whether the process just carried out
fulfills the correspondi ng devjce specifiga- regquirenents. t#gﬂgzo In the

case of sAFFEBABNRbraRhMEdo% Ipr debECtiBdsArERERE ©Bp8r BPPBhEeEFe of ten

needed toigoAt pobcédeimpadddly of the |ithographic process -i ncluding the
full eantrack, i.e. coating and devel oping etc. These operations
typicdally in- clude an overlay neasurenent, a critical dinension measure 25

nment, a frbedpregert |inyrniticon eidtas 49dpRi 8HREANATEEBECEPE i TRYSRE | on.

Semi condugkopedeyt &8s deidduid drheseudstFupat iAna ﬁ_ﬁé@eﬁ@ﬂﬁ@ntyo‘.s,e_ra i nto

revorke . AebIe Il ed Ur el 8 ALY oEREEK ANl I SRPLMEAA &iP
gystem for illuminating an area monitﬁred by said optical-

10 sensor.

In semiconductor manufacturing - particularly semiconductor
wafers, masks or reticlés - a sequence of processing steps is
performed to build structures like integrated circuits on
15 their surfdces. Many of these processing steps are followed
by metrology steps in order to check, whether the process
. just cgrried'out fulfills the corresponding device specifica-’

tion requirements.

20 In the éﬁse of semiconductor wafers, e.g., four measurement
operations afe often needed to control the quality of the
lithographic process ineluding the full cleantrack, i.e.
coating aﬁd.déveloping etc. These operations typically in-
clude an overlay measurement, a critical dimension measure-

25 mehﬁ,.a flood lighg'iﬂégéct&bniaﬁd'aﬂ additional microscope
inspection. Semiconductor devices failing these examinations

are commenly sent into rework..

Although for such device quality checks high resolution is
30 often not necessary in order to detect defects such as facus
spots etc., that have just been imposed to said devices, ela-
borate metrology tools available in the f£ab inevitably have
to be used to carry out the required inspections or measure-
ments. Thus, in many instances expensive metrology tools are

35 ' used. to do simple checks.
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30 often not necessary in order to detect defects such as foctu$ sﬁibtzﬂﬂﬁetc.,
that have just been inposed to said devices, ela- borate netrology tools
~avail abl e i n wheaksdasd nevitably have to be used to carry ouRCT/ERI208§Ri r ed
i nspections or neasure- nents. Thus, in Bany instances expensive mnetrol ogy
tools are 35 ' used, to do sinple checks. 1 6 JAN 2006 WO 02/ 093639

PCTI EPO2/ 05189 2 Mbreover, since |large distances. in the cleanroom area
have to be. travelled for transferring a sem conductor devi ce from a

process tool to a netrol ogy tool, tln‘EIS|£§ d-,ktheln- fOI‘rT% Ny
f eedback forMaxsonary prioidecdergpt AlERanges s‘FlH% QYIrqQn axea have to

di sadvant agqQusl o }l19Wg 8! E?aﬁ@ﬁ@rﬁingeilsém*ﬁcmduﬂﬁi«s deribe @soth g0
expose a sem - conduct Qr fer wt ttf %% %UEF’ fol, it
can al so ‘oc@FOCasfhtt AP @@t? BepER: ‘? P° es s g‘ acé are -
i maged ont.o ﬂ&;ﬁna@afcﬂf fegdback, fohtsoheineasrcviglemﬂa Wivtd? érheypé'PGeSSééﬂl fic
reticle inspect.i f r&y sed to performthe necessary .
B:t @ﬁ&ggﬁégéég&;% ng .front

checks of d ects or particles on its
or. backsi de surface Thi.s di sadvant ageously | eads to further consurrptlon
of tool 15 tjig.ial n@aglesgfaggtlépgmlozeqmmruo Je:2! n.eqmi tedexpbsiesat denef ore

a primary obj ect Ive of the sent. vent| e rts¢ spent
in nmeasur emSIRRCGECR f"éﬁ?rbgi'@? aot{]:r jﬁj % %Sggg E%BP Pt

manuf act ur i REus atiscordaater thist X8 R6akss, amsiéwi d@c sFﬁB EhES LS spent
| n metr gl0g¥ 1 Qokg.e imaggdten 4 %wm aema;bfraceqf thﬁ‘soﬁlscﬁéasmg cansluct or

devi ces there optim Sing process t.o0l '

obj ective i s*’as’f(ﬂrvé’éeﬂ ﬁEe‘éﬁ% & AR %if é?h B {fﬁgﬁ o%eecl ai ns

8 and 9. 25u@@@ot6| pgrferﬁxh'eh@rmmssarw@ham of dstsptanseee@r%ﬁ “of
fying defects or particles on its front or backside surface.
This disadvantageously leads to further consumption of tool

15 .t:Lme and also additional equipment is required.

It is therefore a primary cbj ective of the present invention
to reduce the efforts spent in measurement operations before,
during or after a process for manufacturing semiconductor de--

i 20 - vices, thereby decreasing'the costs spent in metrology tools,

and to. reduce the amount of rework .of semiconductor devices

‘thereby optimising the proceSSing tool utilization time.

The objective is solved by the arrangement of claim 1 and the
25 method of claims 8 and 9.

| According to the present invention an in-situ measurement of
:substrates such asg reticles, masks, flat panels or gemicon-
'ductor wafers in a processing tool is provzded A prerequi-
30 site of the present invention is, that the. process tool is..
| part of an arrangement including a load port,-a deVice trans-
fer area typically being operated by a robot having an arm
for transporting the devices, and an active processing unit,
i.e. a processing tool " '
35 |
The method and arrangement according to the present invention
are aiming at monitoring and controlling low resolution de-



substrates such as reticles, masks, flat panels. or semcong ﬂ{ gvafers
in a processing tool is provided. A prerequi 30 site of the prese
“invention i' %7 t hat the. process tool is.. part of an arrangenent

i ncluding a &W’“B?ﬁ:’? a device trans- fer area typically -BETEB208B0at ed
by a robot haV| ng an arm for transporti‘hg t he devices, and an active
processing unit, 1i.e. a processing tool. 35 The nethod and- arrangenent

according to the present invention are aimng at nonitoring and
controlling low resolution de 1 6 JAN 2006 WO 02/ 093639 PCT/ EP02/ 05189 3

vice structyies stfidhddier Gharch @aegekoés%arﬁo@ 1000 P45 efRRL 1T e,

a high precision alignnment’, or | u- tron sensor
performed byremeHs tmen %&#%IP’-?@H%PH ahkgeReRan Pe & hob G‘aﬁeia bei ng

able to recoish paeﬁ&w’xe.s 'IQ'.f:.sB ildheedevirnes B thednd QS@'&H Idptl%falaséﬁﬁ\bio

hundr eds of g u rea of progessin t ool

i nsi de a |%§1 &) and oé% é%q%%éngF%%%sg?ﬁ' Eﬁuﬁﬁﬁﬁrdlpaf i gﬁtlve 10
processithg gt ch@spr“ﬁ{,tébﬂ rrgspéupionsotomsmerm hundyedshef uévi ce
transfer arggeonglhe optical sensor and the illum nation system are
integrated wthin the process tool periphery, i.e. the device transfer 15
area. Thus, the present invention is suited to cleanroomarea processing
t ool s havi nip &hisadicoumenthéhe deeacefcémeiprcneasingzﬂdilunnslﬁ@ &rder to

be unl Oadedléa[cp'Eotrl%e'ahdd%‘(l't%‘idleoegebﬁroé@@é"ﬁﬁ. fed R ar Iﬁg E tdye

processing tool § conmonl Y P provide a mni- (RS it in.
devi ce Hand®@iRFssdng uad r&ﬁgédp§8€ﬁ5%&“ﬂ3 d:q‘ﬁlnrl rﬁ%@%ﬁ@éﬁfﬁﬁaWob\e vitheh

particl es dierideotrangfermagkani cal friction and abrasion. Device handling
and transfer is often provided by robots or simlar mechanics conprising

robot arns having chuck-1ike
The optical sensor and the illumination system are integrated

within the process tool periphery, i.e. the device transfer

15 area. Thus, the present invention is suited to cleanroom area
Processing tools having a loadport, where device carriers are
laid upon in order to be unloaded from their device load by
means of robot arms. Those processing tools commonly provide
a mini-environment within, and all device handling is ar-

20 ranged such as to minimise contamination with particles due
to, e.g., mechanical friction and abrasion.

Device handling and transfer is often provided by robots or
gimilar mechanics comprising robot arms having chuck-like

25 ©properties to hold a substrate such as a semiconductor de-
vice, e.g. a semiconductor wafer, or a mask/reticle.

The present invention utilises two characteristics of the de-
vice transfer area: Typically, semiconductor devices or reti-

30 cles are transferred to the processing chambers and removed
from the processing chambers along similar paths. Addition-
ally, transfer velocities are sufficiently slow, such that
low resolution images can be taken from the semiconductor de-
vices while being transferred.

35



25 properties to hold a substrate such as a sem conduct or de_":ﬁ&‘ﬁ‘f e.g. a
sem conduct or wafer, or a mask/reticle. The present invention 26 two
. characteristics of the de- vice transfer area: Typi cal l'y, sem conduct or

devi ces or r&Q02483639 es are transferred Lo the processing cRamBesssmad
removed fromthe processing chambers along simlar paths. Addition- ally,
transfer velocities are sufficiently slow, such that |ow resolution inmages
can be taken fromthe sem conductor de- vices while being transferred. 35 1
6 JAIL 2006 WD 02/093639 PCT/ EP02/05189 4 A further advantage is, that a

common devi gerdsiy nanease! a9 CEHELIUSHAIO MY WG £2QULPORL e oS
conpar ati ve ar % ufcg(armunt S O Space ft to receive typl ca

sensors. PrlEéﬂéfﬁFtPﬁén%r%@%&ﬂmqan@ﬁﬁi§ﬁmp§raﬁhaﬁlﬁ layge
resolutlon ancintree off spheeslbstr ad eréseivkaypiekor epndaaf k8@hgopse Or nore
process steps. Both pictures are then conpared, the differences thereby
showi ng | arge scale effects that have been applied to the sem conductor
device & tTre reanterd, ipsue1of speetpxesgnt Anventiocontsibthet &olaefects

det ect ed COfé’@fMdt@.&ﬁ' b!cHﬁ!ngof NEhé Od Bt raeQ! S_sa'&akEHCBEféi‘et 8after

sem conduct or devic are orlq%g:t %Ffron1part|§ es a ﬁerlng to the
backsi de 1501 %rhg‘OESnPESHEE%t%?e%Vl PEGPaPFG SERTCERATRRYF wa-
fers. A sndilie didfetreonesf thd‘:neeluhevshrmzfng)maxgdesde\‘lel epfectwhtledt iHnvehe
case of eXQSé%rP&p%l%@H‘ £NEHE! Shndel:RiudiBRULEY k0B HRLOCUE W N Jespect
to the ptlcal & em of the expo- sure too Afthou The el &vati'on is
smal | runﬁﬁﬁfﬁl Ggﬁly 20 the size of the particle dlaneter - the lateral
extent can becone up to 1 x 1 cmor even larger. Inside such an area

P cspond e Bolar thX( B VE) e ddbil ek E8L RN oLRyantfSiny iing

correspondln% Integrated circuit ose
rology tools are focus spots on semlconductor device.

These are originating from particles adhering to the backside
15 of the semiconductor device, particularly semiconductor wa-
fers. A small elevation of the device frontside develops,
which in the case of exposing a semiconductor wafer results
in a defocus with respect to the optical system of the expo-
sure tool. Although the elevation is small - having roughly
20 the size of the particle diameter - the lateral extent can
become up to 1 x 1 cm or even largerl Inside such an area
pattern structures hardly develop in the resisgt. As a result
the corresponding integrated circuit is damaged. Those large
gcale defects can easily be seen by eye e.g. by means of a
25 floodlight inspection.

Using the optical sensor and the method according to the pre-
sent invention the subtracted images in low resolution reveal
nearly constant differences between the pre-process and the
30 post-process device image with the exception of large scale
defect contributions due to contaminating particles such as
focus spots on semiconductor wafers imposed during the prsent
process, Contrarily, large scale features that have been
structured on the device surface priorily are evident on both
35 pictures before subtraction - pre-process and post-process -
and are therefore not evident on the subtracted image. Thus,
the present invention advantageously allows a defect control



scal e defects can easily be seen by eye e.g. by nmeans of a 2% jANoeghi ght

I nspection. Using the optical sensor and the nethod according to the pre-

* sent invent i\?ﬂ&)ﬂﬁsﬁl‘bt racted images in | ow resolution reveal nearly _
constant differences between the pre- prqcess and the 30 posPCTERMREEISI devi ce

i mge wth the exception of |arge scale”™ defect contributions due to

contam nating particles such as focus spots on sem conductor wafers

i nposed during the prsent process. Contrarily, large scale features that

have been structured on the device surface priorily are evident on both 35

pi ctures bedHreretiihidlgcthenprepeft PHLEESS: lerRie0eES procald are :
thereforenéq:}e vident on the subtracted i nage. us, the present invention
advant ageous dll ows a defect control 1 6 JAN 2006 WO 02/ 093639 5

PCT/ EP02/ 05189 of precisely the present process or sequence of process
steps. CommuMmbniSt,’ WekUbearbBPLhHE Btk QDL hI1q 1Re WehQRAUALOE HEYL g6 o 5 due
to the grezfnt prg&gss e.g. exposure wth a mask pat tern, genera}?y have
a smal | 8 SHUSUFESs PFESeHR PEPEeT Pere o f SPPORMESr Wdbhyadmaskpatre opti cal
sensor accdrelimggeastrbélyphesens smakhér mtrubtuse BheeSt BHAEt HFEStNdAd- not
be detecte i | r r t .l mages., 10 Most
FordS nfil)'t:I E‘%ESTGS? with hl?néocgg}aic%q. %en@ggu%gggggﬁgS © t880 gm are

preferably, optical optical sensors having a reso I-on

used accor BEFGRG LRESBEESRNt ThvRefthe Btrusiuresswi kb r sobxbendétacamier as
Wi th resol ets digférences 1A th@comsaredorappbted-8680i6igdst 0 the act ual
state ggnmera 15 technol ogy. According to the method of the present
I nvention a signal is %eneratgd I n response to the conparison of the first
and sec- off@stnRyefeppbliyr atpyicaheomiipedl sesspssubdvingraspassittiona

of 50 - 100 pm are used according to the present invention,

but also more expensive cameras with resolutions down to 10 -

20 pm can be applied according to the actual state camera

15 technology.

According to the method of the present invention a signal is
generated in response to the comparison of the first and sec-
ond image. Preferably, the signal is issued in response to a

20 defect pattern recognised in a subtracted image. In an aspect
of the present invention further processing of semiconductor
devices is considered to be stopped, if a threshold value of
e.g, defect numbers or size is exceeded. Also, the signal may
comprise information for the work-in-progress system about

25 the semiconductor device identification number affected
and/or the location of the defect on said device,

In a further aspect the method is considered to comprise a
pattern recognition property, which identifies patterns in
30 the subtracted image after which it compares the identified
pattern with at least one reference pattern, preferably with
a library of reference patterns., In a further aspect each of
the reference patterns from the library is considered to rep-
resent different kinds of defects. According to still a fur-
35 ther aspect examples of patterns are a particle on a device
backside causing a focus spot as described above, a particle
on a device frontside causing distortions during the resist



20 defect pattern recognised in a subtracted inmage. In an aspect of the
present invention further processing of seni conductor devi cd HAN 2006
+considered to be stopped, if a threshold value of e.g. defect nunbers or
size is exce®943/093 ﬁﬂg the signal may conprise infornati cRCTHEROZO5ISY

wor k- i n- progress systen1about 25 the sefri conductor device identification
nunber affected and/or the location of the defect on said device. In a
further aspect the nethod is considered to conprise a pattern recognition
property, which identifies patterns in 30 the subtracted inage after which

it compar e%ﬁiqledndq%ggtgﬁ éﬁ’?é eﬁ‘g{ti‘%lte@ at, Leasty Qeff‘% er aspeg%r each

preferably w ference patterns.
of the reFEFEﬁEe15§Ff%FESWH§QNH§#ﬂ9Ih45¥&F9 P§1€Un§h§e¥%%l§% rep- resent
di fferent kinds of defects. Accordlng to still a fur 35 ther aspect

exanpl es ofy r t V] cksj de causi nqg.a focus
spot as_ deditisy BByBheadedlll deiebene e beRae R T IR LTSl i e

di st ort FonPXARELHY ehereeerding téleJAmameeumezmem@cLﬁpcsH@w:Z/ 05189
spi n on (corEtin, tﬁeds@tﬁiédrfdx.ﬂ:ﬂ:d%“ R 68 LEONE L dRorahshtNGyhinesiigt
lift-off when belng bar bel om1th% resi st. Anoth advant agequs aspect
of the predEntCTPRIERFFEN | ' REN9L, PSIDE: GOBREFREHT ?ﬁ)ﬁtﬁ?(%ﬁiﬁge usi ng
t he optlcaEYS¢nsorTHerehm,tﬂhasnpnuuaﬂduensordmaycbecmounﬂedﬂabcmmvehent

while it |5%gsrt§g§ge£f§1%fé]{“i>a%@ﬁ%%'a lﬂﬁ'enﬂo{}&‘ﬂéﬁi ?5%%/%%@%

systen1 There nsor nmount e rate

transfe éFﬁn§ﬁﬁgth% thﬁeFPBPﬁlﬂﬁmt¢ﬁﬁﬂﬁf%ﬁxuﬁﬂlﬂ?|§?epﬁéV|ded
by the robdhs@lerrtﬁdbﬁntsf 5 se@brﬁ]’ﬂ;— tisepbbgibles pﬁﬁén O Qfofrdﬁ@b@ﬂd&gl S

possible,  Hi¥Reifccphoganandl g acksiden L nspeold ool %y sl e can be

enabl ed by ensor nounté e dev c
si nul t a- n@@lls senseecmcmtads beilowe thgodsvbre byarnpyfan datd t vo semné‘,bas

neous inspection is either possible by providing two sensors

15 according to the present invention -~ one mounted above and
the other mounted below said tranfer path - or by supplying a
moving means or a mirror to the arrangement.

A mechanical movement of optical parts of the optical sensor

20 provides a corresponding depth of focus, which is necessary,
if the vertical transfer path height to and from the process-
ing chamber deviate from each other. In the case of a lithog-
raphy cluster having an in- and output slot for providing
semiconductor wafers from a robot area to the device transfer

25 area these deviations typically amount to ,e.g., 4 cm, with
which the corresponding vertical movement of the optical sen-
gor is at least to be provided.

According to the present invention the device transfer area
30 may also serve for transferring semiconductor devices between
a sequence of processing tools. In the case of the lithogra-
phy cluster coating, exposure and developing are performed
sequentially and the images are taken before the coating step
. and after the developing step.
35
According to the present invention a method of detection de-
fects on a robot arm without carrying a substrate is also



15 according to the present invention - one nounted above and the other
mount'ed bel ow said tranfer path - or by supplying a noving {ngadiN Qu6a
-mrror to the arrangenent. A mechanical novenent of optical parts of the
optical sensSP928H6H ovi des a corresponding depth of focus,POHER/05S
necessary, if the vertical transfer patf height to and fromthe process-

I ng chanber deviate fromeach other. in the case of a |ithog- raphy cluster
having an in- and output slot for providing sem conductor wafers froma
robot area to the device transfer 25 area these deviations typically anount

to ,e.qg., -t h Lok ¥ di rtical nmovenept of the
opticalg se -r%gpgcri%é g?m?%gg?é{\gh %glpﬁ%%%egggﬁégoFaﬁﬁb ?Bmtlﬁ%ﬂiﬁeesc@ﬁ"
i nventi on EWdNGeQHEcORE AR5 BRTQriezAn B @rtions sadvefter it ansdveyring

sen conducladhedté¥bCparbeEVEE Nl SestleRC enl rBbeeesshngul LS cdd) dde case
of the Iitllcigr - @hgegéggter coating, exposure and devel opi ng are perforned
sequential I'y and the magés are taken before the coating step and after

t he devBl oping step. 35 According to the present invention a nethod of

detection da@ Ni Bvé&bas i r BYi u e isalso 16
JAN 2006 WO 8 ;sgé%%%g }ﬁvé EP02r/1 ggllr%dg I?E%E%r ggi géﬁgg‘ég“n%a‘?‘?%@%%é’ rpi ctures
of the robBPYEFGATBRIDTRICERT Wity SFersnerobagkeide rawsiaren@f aesiand

after it, pdeby thabhestreagupsd ticlexpodll akedmiaohfi@ct &P0ka Bd¥MyakH ace can

- ily b t SRR ' ' | f t 0 detect,
ggfseclt syorﬁagg%tﬁ?élefei% g%%gli ng oﬁlntlt %é%?%lg%fq g?égﬁigsf%éeﬁrtfogfg lg‘ggf’et i -
cles, that agrwellere tepEsgostian resHiicdnguarer sabsetrediand doaded: on. I n

this docunehe lbedpertn faim & eratdictles 1ibraeyl CtRSy are transferred to
the device transfer area by means of a reticle handler, which
is a robot arm having an appropriate platform for holding the
reticle. During this transfer an image is taken by means of
15 the arrangement of the present invention. The image is then
compared with a reference image, e.g., of a classified de-
fect. :

According to the present invention using the optical sensor

20 and the pattern recognition software a large scale device
identification number printed on the device surface can also
be detected.

Further advantages and aspects are evident from the dependent
25 claims. The invention will be better understood by reference
to the following description of embodiments of the invention
taken in conjunction with the encompanying drawings, wherein

figure 1 shows a front view (a), and a gide view (b) of an
30 arrangement according to the present invention in a
lithography cluster,

figure 2 schematically shows an optical sensor for detecting
defects on a semiconductor wafer according to an
35 embodiment of the present invention,



10 as well as masks. The recticles are selected and | oaded t,0 a}@e | oadport
froma reticle library. They are transferred to the device § ﬁ 4B6 ar ea

- by means of a reticle handler, which is a robot arm having an appropriate-
platform forWRAErEIBY the reticle. During this transfer an HOTeRpe2/ossd aken
by nmeans of 15 the arrangenent of the pBesent invention. The inmage is then
conpared with a reference image, e.g., of a classified de- fect. According
to the present invention using the optical sensor 20 and the pattern
recognition software a |l arge scal e device identification nunber printed on

t he device C d advant ages and_.aspects
are evi dentéﬁ%%c?heggoag n%e ?gw 2@& eﬁq;[al s 2 #%gﬁgﬂgaﬁ{l}f’oﬂ FFe b%f better
under st ood by refereﬁ@@l€@n@¢@$¢¥ﬂwaﬁﬂnﬁg“débcﬂhp@hoﬁibﬂ @abedi neentsradf t he

i nvention taken in gespHaLhd oo WH nteft@xoangerrea@ypfgséﬁ@\ﬂiﬂ%tw}?r ein 30
35 figure 1 shows a front view (a), and a side view (b) an arrangement

according to the present invention in a |ithography cluster, figure 2
schemat iScal §igusteovs anhemattaalkxer&ifmwa‘ dwodepédtabgserdedbest Soprdetect -
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li t hogr aphy process 6t€ S%EHQRﬁﬁﬂﬁnQQ'aﬁaF@Pg Wrent opf | b jpxesmitedn-cont r ol

according to the nettheftbdnihe present invention, 5 figure 4 schematically
shows two optical sensors for detect- ing defects on a reticle front and

backside (pelli- cle) according to an enbodi ment of the present in-
venti oA0 The arrangement in a lithography cluster as an embodiment of

the present invention is shown in figure la. In this front
view of the cluster a robot 3 carrying a semiconductor wafer
2 on its robot arm 4 is shown to move along a linear axis 6
for robot movement. The robot 3 transfers said semiconductor
15 wafer 2 from a load port 5 to an input slot 7a. The input
slot 7a is the input connection between the robot handling
area 9 and the device transfer area 8. As shown in figure 1b
the robot 3 transfers the semiconductor device 2 through the
input slot 7a into the device transfer area 8 for being fur-
20 ther transported to the coating processing tool 1la.

An optical sensor 10 is mounted above the input slot 7a, such
that the semiconductor wafer 2 is scanned while being trans-
ferred through input slot 7a. The duration of the scan is

25 about 5 seconds. The optical system of the optical sensor 10
is provided with a motor such as to provide a focus depth of
4 cm, which is the difference in height between the input
slot 7a arid the output slot 7b, through which the semiconduc-
tor wafers are transferred after processing through the coat

30 process la the exposure 1b and the develop process lc among
further steps.

In order to scan, e.g., 300 mm wafers the optical sensor has
a width of 32 cm ~ the same as the input and output slot

35 width - with a height of 36 em and a depth of 6 cm. A control
unit provides a synchronisation between the wafer transfer
and the inspection during the scan. A one-dimensional image



10 The arrangement in a lithography cluster as an embodi nent o; hg$
present invention is shown in figure la. In this front viewo 6 aWBst er
. a robot 3 carrying a sem conductor wafer 2 on its robot arm4 is shown to
nmove al ong YO PHWE%axis 6 for robot novement. The robot PAWERY6H8S said
semi conductor 15 wafer 2 froma load poft 5 to an input slot 7a. The input
slot 7a is the input connection between the robot handling area 9 and the
device transfer area 8. As shown in figure Ib the robot 3 transfers the
sem conductor device 2 through the input slot 7a into the device transfer

Aot cal A8oregennt e % SHARRROAT hudinetle EPBYA08-"ERETSSHRGA T,

sem conductde ﬂaﬁendZdi@e%%Hﬁhed mhlle being trans- ferred through input
slot 7a. The duration of the scan is 25 about 5 seconds. The optlcal systen1

of the opt ed with t

ocus: dept gy mehBom, agRprehlnd (3 ¢HE miisabrte TPYSREEHR! LBot hEURETRRST npu
sl ot 7a5andn1befhonuhast0$den iﬂnﬂﬁgﬁreMﬂich sheisenduohducwafer iwmfers
A @ o nS! B8dagh! Lol 00RSH 00 dinaualh dBB908h 3 B 9@8&& oif H%e
exposure |Ib eve op process 1c ano er to
scan, e.g. & 366hREraRREral ‘%Efﬁ,flb-ptﬂycé@eaé@n@ér thgsroRoh atﬁ fswl%*?ﬁ‘ t he

same as thaublﬂbﬂt déﬁﬁic@uié)bﬁraiisﬂex%d/\ﬂ'dﬂﬂ@ughvwhé aobetghan@nr:ﬁ@ &reand a

depth of 6C contr unlt es nchr bet ween t waf er
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3. A seni cofifutt GREGESR Chg device c¥ahtre? ale coater
ter being further transferred and processed the wafer is ex-

posed with a mask pattern in an exposure tool 1b and than
15 transferred to the developer lc.

Eventually, the semiconductor wafer 2 is transferred back to
the output slot 7b. While sliding through it the second image
is taken with a CCD-camera 10 as an optical sensor. During

20 recording the images the semiconductor wafer 2 is illuminated
annularly in yellow light by an illumination system 11. Both
pictures - before the coat process and after the develop pro-
cess - are then compared and the results sent, e.g., via a
SECS II connection to the lithography cluster host system.

25 There, the pattern recognition is performed and particle de-
fects are detected. These are clagsified, and if a threshold
value of particle sizes or numbers is exceeded, a signal di-
rected to the host is issued for stopping the current process
and marking the current product to be sent into rework.

30
Fig. 4 displays an embodiment of optical sensors 10, 10',
which are part of an arrangement used to scan a reticle on
its transfer path from a reticle library to an image position
in front of a projection lens in a processing chamber of an

35 exposure tool. The optical sensors 10, 10' are arranged to
image a plane, in which a reticle handler robot arm 4 trans-
fers the reticle 2'. The movement of the reticle 2' prefer-



unl oaded from a device carrier deposited on a |oad port 5 of J(\Qt hogr aphy
cluster. By rreans of the robot 3 the sem con- ductor device | ndfer r ed
* t'hr ough the %”g?ndl ing area 9 and scanned for recording an i nage by
the opti cal sensor 0 10 when bei ng trq@sferred t hr ough t h&@CTABA/0548%¢t 7a.
After that the automatic handling systemtransfers the sem conductor wa-
fer 2 through the device transfer area 8 to a coater la. Af- ter being
further transferred and processed the wafer is ex- posed with a mask
pattern in an exposure tool |Ib and than 15 transferred to the devel oper 1c.

Event ual | y,rddle, semcaeadeat @ﬁt“@iﬁﬁir? tife 108, e'i:h@@ @QCEELPenHSE £ put

sl ot 7b. lidi.ng_thro t the second i is taken wt

CCD- caner\ell\nﬁ%f b? &74 EéFEgentlB? SEHNG 26 £ Br gragl ?ﬁeb}’n%lg%]so"f he
seni conductwvemnsngr of |the| rEUmIQtlahd]aEmMOMdtyan:m yRrbagh| tigdtsgycan

i 11 uni nat i e tSeseBoth oBRLBa1 PASHLESS To tgﬁoesgajfnpﬁ,giesg and after

t he devglop pro- cess - are then conpared and ﬁe resul via a
SECS Il “connection to the lithography cluster host system 25 There "the
pattern red@mnirstdelieshpedler rmb@tndamamt helsettle- rbeat of a4 ershat aniad. These

are classif , af.hr via of . particle Lzes or numbers is
exceeded, gs‘;‘:io %Qﬂ aEt tﬁg %éﬂ%l%] 2 lﬁt%tl %‘tl %éu J:?If) E?%epm%t

current pr&&é’s}se P&ﬁ&eﬁﬁrkhﬁ’@eﬁcf‘i%e é‘lﬁi’r@@t vewadcEron detaemosittion dyor k. 30
Fig. 4 dispeays af epbodalesdnsdr apt |t%abx§ﬁﬂﬁ@r $tdOsrdifk s:.d’@'a?{?i GhpPart

of an rang u naret| ts transfer path froma

reticl gbl %r %ﬁ@%m %‘SQIE rzﬁ%éneialn@n i ﬁ’pr‘F‘Sﬁ BPRECH ] ety SFAERE i n a

processi ng iéfka ékseﬁeanA%ﬁJd;apd@m@,t ech. , Theunpéd cat ﬂmmc]l@ 10' are

arranged t @acikenee, aaﬁhaaﬁmdan \M@n%ramet bﬁheﬁaga);w p%r _4 trans-
C

fers the reticl e _novene he reti AN 2006 WO
02/ 093639 %&oneg %o depect partléies adhering to the pe111c e.

15 The transfer path according to this embodiment is positioned
in the device transfer area of the exposure tool. Thus, the
reticle needs not to be removed from the combined mini-
environment of the reticle library and the exposure tool in
order to be checked for particles in a separate reticle in-

20 spection tool or pellicle checker. Since the quality of the
reticle pattern is retained, the yield of semiconductor devi-
ces to be exposed with the reticle pattern is improved as
compared to prior art.

25 As described in the foregoing the reticle handler robot arm
itself can be inspected for particles, if no reticle is cur-
rently carried with it.

Advantageously, using this embodiment macro defect control of
30 reticles inclusive classification down to at least 30 microns
becomes possible if a CCD-camera is used. |

In a further embodiment, the positions of alignment marks
being structured on the reticles are detected using the

35 optcal sensor 10, such that a global alignment procedure pri-
or to a fine adjustment can be facilitated.



PCT/ EPO2/ 05189 rably is carried out within the plane, that is gurhﬁgtly
for- nmed by said reticle. The scanning is then enabled by a s wﬂ RP8 mrent

- of the reticle handler robot armthrough the space between both opti cal
sensors 10, M®92/8¥632houn in Fig. 4. 5 The reticle handl er PSBEPOHINSEY has
the formof a fork such as to contact Yhe reticle 2 just at an outer
frame. The re- ticle pattern therefore may be viewed froma top position by
means of optical sensor 10 to examine its front side and from 10 a bottom
position by neans of optical sensor 10' to examine ist backside. A

pellicle igy Sefhi M%@r&miﬁehwksfebeﬁﬁgiels,F%%sﬂ PR idlccensor 10

be f d -t d .t o detect ticl to t
el | ol . BSLEEATd LIS R Sle0 6P R FBARhPUt cHBUM rH SRS ISt oned

in the deveemsdrmansd er dra iof drkderekposaseet aosigialls,if hthe roetrrel-e needs
not to be f he, 1N I Bl €0yl t icle library
and the ex%%é%?%g% o{ocfgqi#aﬁor er ntggggq @ Ecﬁéﬁ‘c‘?‘gﬁgaﬁ c%%g?elrn%tsaiggpar ate
reticl €5invided dpedthpMmamgiaciurdep| pehedehée®eprt GrackalHEdusIMy of the
reticle pagytemis retained, the yield of sem conductor devi- ces to be
exposed with the reticle pattern is inproved as conpared to prior art. 25
As described in the foregoing the reticle handler robot arm itself can be
i nspect ed The qRiridall eengdrengrecefuippred with feen$sinmmeaaed wint brit .

Advant ageogst Yoo Usitid dvil S YHASY TRAGe BETQ &6l Ordd CRMAOloin 8Ger eti cl es
i nclusj ve classjfication_do t0 at [east 39 m Crons econes possible if a
CCD- cahfer abFad Path g Eﬁ#n‘teﬁer 2cPBbF nEt LE8 Help o29R SPtaFRgnment

mar ks bei sensiyr ystnpeediiauliaird yr €bi ot eSrametiet edresl tsibeg sichendd aptcal

sensor 10, ﬁ&%%tﬂw A paly Akl 90gEN, PLOC LN S P domi e & LkRe
: r £

adj ust ment_‘cah be fa%%ltate | % JAN 58%12 dmgtkd ©
: lenses, which can be dislocated with respect to each other
such as to alter the focus.

15
In a further embodiment the images taken from the reticles or
masks during the scanning movement are stored in a database.
" The optical sensors, or the control unit as a digital image
processing unit, comprise a zoom function to take an image at
20 just the location of interest on the reticle, e.g. the defect
area. This embodiment is also applicable to the case of the
foregoing embodiments referring to semiconductor devices.

Alternatively, the images can be displayed at a display de-
25 wvice, which is connected to the digital image processing

unié, i.e. the control unit. Advantageously, in case an ope-

rator can classify a defect already at the moderate resoluti-

on of the optical sensors 10, he might recognize, that the

defect is tolerable, thus rendering a detailed inspection in
30 a separate tool unnecessary.

In still a further embodiment the arrangement comprises a
cleaning means, which is mounted within the device transfer
area 8 along the transfer path, and which effects, e.g., an

35 air flow or ultrasonic waves to remove particles in résponse
to the signal issued in case of detecting a contaminating
particle using the arrangement.



WO 02/093639 11 PCT/EP02/05189 In still a further embodi mentqgefoy r'@gg to
Fig. 4 a barcode patterned on the reticle can be read out using tﬁ

- optical sensors 10 or 10' in order to issue a signal, if the corre-

spondi ng i d¥XP0P¥3} i on does not nmeet with requirenents prRFBERRQYE by t he
manuf acturing scheduling of the fab-w te C M system The optical sensors
are equi pped with focussing neans in or- der to retrieve a sharp imge at a
desired location in the 10 transfer path. Either, a notor shifts the

conpl ete optical sensor perpendicularly to or fromthe plane to be scanned
du- ring argpvegent - fevice, or the sensor conprises a set of |enses,
whi ch can be dislocated with respect to each other such as to alter the
focus. 15 In a further enbodi nent the i nages taken fromthe reticles or
masks during thereosgmitaplyoddhograpkystosked in a dat abase. The opti cal
sensors, ot the %Qﬂ% | a,di gl i mage processing unit, conprise
a zoomfun(%ti on £0 %kﬁeud;c'#:f n%é’é%gt' g%k?%st the location of interest on the
reticled e3g. tFePPefect area. This enbodinent is also applicable to the
case of the forgesd ngrenbodi ments referring to sem conductor devices.

Al ternatively, ihe icrir:abges can be displayed at a display de- 25 vice, which
is connectéd to ?%de?O igital imge processing unit, i.e. the control unit.
Advant ageo#sl y, Linraasxish fope robgtomovemeny assify a defect already at the
nmoder at e r e80! Ufhputos1Qfe t he optical sensors 10, he m ght recognize, that

t he defec% is'toﬁjerabl e, thus rendering a detailed inspectionin 30 a
separat® td8 UPHERMSERRF In still a further enbodi ment the arrangenent
conprises &8 cléawnicy trsansfenmairel i s nounted within the device transfer

area 8 al 0Rg thfoﬂ&@rh%{rﬁflil?%t hreand which effects, e.g., an

10 optical sensor

11  illumination system



35 air flow or ultrasonic waves to renove particles in response 'ﬁ@ﬁ

signal issued in case of detecting a contamnating particle us ﬁq9\ 6

-.arrangenent. 1 6 JAN 2006 WD 02/ 093639 List of nunmerals 12 1 process tool,

| it hography tool 2 sem conductor device, wafer 5 3 robot 4 robot arm 5

| oadport 6 |inear axis for robot novenent 10 7ai nputsl ot 7bout putsl ot

_8devicetransfer area 9robot handling area 10optical sensor 11illum nation
system PCT/ EPO2/ 05189 1 6 JAN 2006 13 {1 aims: 1.-Arrangenment for detecting
defects on a substrate within a processing tool (l), conprising: 5 - a

| oadport (@;a B% 'l oading or unloading said at |east. one substrate (2) to
sai d processing tool (1), - a device transfer area (8) wthin said

PrOCeSS N0, | O0h s dpt b bl MO Seddlen Yoy o ddmsonpastatkimeal d

nmeans of - aprmewunlngcno¢ﬂabl)r compeisindne processi ng charmber (la, 1b, 1c)

of Sa'd Proc f§§H§5&Q(¥§)(§8r loading or unloading sald at least one
substrate (2) to said processing tool (1),

a deﬁice transfer area (8) within said processing tool,

a robot handling area (9), which is connected to said load

port (5) and which is connected to said device transfer

10 area (8)by means of an input slot (7a),
| at least one processing chamber (1a, 1b,.1C) of sald proc-

essing tool (1),
a robot arm (4) for maintainlng the transfer of substrates

- (2) between said load port (S), said robot handling area

(9) and said at least one processing chamber (la,1b,1c),
an optical sensor (10) with an - lllumlnatlon system (11)
which is mounted within said device transfer area (8) above
saild lnput slot (7a), such that an image of said at least
one substrate (2) being held by said robot arm (4) in said
device transfer area (8) can be recorded by said optlcal

15

20

sensor (10),
a control unit being connected te said optical sensor. (10).

for recording the images taken w;th said optical gensoxr
(10), and'for performing a comparison of said lmages.

25 .
2, Arrangement according to claim'1,

charactexrized in tha t
said optical sensor (10) is a sensor for performing a macro-

defect inmspection.

30 . _
3. Arrangement according to claim 2,
characterized _i'n that
said optical sensor (10) has a minimum resclvable structure

width of more than 10 um and of less than 100 um.

35
4. Arrangement according to anyone of claims 1 to 3,

characterized in t ha t

AMENDED SHEET




- arobot arm(4) for maintaining the transfer of substrates. {2)@§§tmeen
said |l oad port (s), said robot handling area 15 (9) and said a #2006ne
- processi ng chanber (la,lb,lc), an optical sensor (10) with an illum nation
system (11) which is nmounted within said device transfer area (8) above
said input slot (7a), such that an inmage of.. said at least one substrate
.(2) being held by said robot arn1(4i in sald 20 device transfer area (8)
can be recorded by said optical sens pa (10), a control unit being
connected. to said optical sensor (10). for-recording the inages taken -

with said o.ptga:iﬂ éﬁﬂ‘ﬁ@él $dfHor ah f Of g REr 4 LA i fe&&:??:f‘ﬁé SPt‘HaQEtgs‘lhd

i mages. 25 30 genent cordlng to | a] m

edinth é: A%‘fﬂ“i‘c%ﬁl e"ﬂ'g?ﬁ %@%raf'@v?jﬁﬁﬁ%rtﬁfngaadn&cro
def ect |nspe(stub35tra’i:eﬁ(rz)artnﬁ§r&ﬁ m@rﬁm tel@m2, character.
zedi nt hat said optical sensor (10) has a nlnlnun1resolvable
structure wdth of nore than 10 mand of |ess than 100 Am 4. Arrangenent
according to anyone of clains 1to 3, characteri zedintha
t AMENDED SHEET 1 6 JAN 2006 13a said optical sensor (10) is a scanner
recording images in colums fromsaid substrate (2) during a novenent of
said substrate (2) due to said robot arm (4), AMENDED SHEET AN 18 JAN-
200& WO 02- 1093639 PCT/ EP02/ 05189 '

AMENDED SHEET | - S R



14 -said control unit'is connected to a notor noving said robot arm (4)
for obtaining the substrate (2) posit-ion during a novenent~ a8 JdAK@g ol
~ynit. conprises a processing unit for building. an imge fromsaid inage
col ums and-said substrate (2) po- sitions. 5. Arrangenent according to
anyone. of cl gdBydacs® 4, char acter i zedint h geippihRsga d
optical sensor (1.0) conprises a focussimg neans, which is connected to
said control - unit, for focussing said optical sensor (10 to.a distance
according to the-height of the transfer path of said substrate (2), IS 6.
Arrangenent according to anyone of claine | to.5, cha=acter'i ze
di nt hat said substrate.(2) is a reticle or nmask, said |loa* . dport

(5) is connectesiid squtzeli shit |3 anmpectsdi Bops Jarkay Mevieg sadg Febokn
exposure t ool ;g4 @45}' Fo2PbhEMniSRN e ELBptiat&. mD?dba-lmbﬁ dudring a

Arrangenent accor |n% t.o anyone of clains | to'5,. ¢ h.a. racter i.
z. edi 'nt ‘said substrate (2) is a sen1conductor wafer, 25 -

sai d | oadpor & sahd(mentgnkdunitraamﬂrieea aapresesHimd @nitsfommhmiiﬂimg
detecti ngs def &Gl § AR ArPBY Ksa&f g‘&ratﬁel 8ol ddns V!ﬂd“s‘&i@”sﬁh?@é%@ {296 50-

(I'-),.which conpri See a retic brary,." a device transf er area (a)
, - an optlcaﬁﬂ§éﬁ§8r (10) -and 30 an illumination system (11) for
iIlum nating an area noni - tored by said optical. sensor (:LO

library to ihﬁ evi ce trani er Q%ea V|ahan
recordi ng arf g€ B & & ‘nésk et cl & %(2)Eusing -said. 35 optical
sensor @&0)Ewddnﬁpﬂiwalfﬂamﬂga|dlﬁbv¢qmpniﬂﬁﬁsﬁe ogresinguieagisot WbBaFh above

said in is connected to sald control unit; for focuesing said optical
sensor (10} to a distance according to the height of the

transfer path of said substrate (2).

compri sing. ¢ hﬂg%ﬁgém&&t ddR Q&iﬁértég?z%&ﬁiéj dﬁbuaiﬂsl(%?é ;zglagnt s?;g) reticle

'15.'6 Arrangement’ according to anyone of claims 1 to 5,
characterized in that
- said substrate (2) is & reticle or mask,
- gaid lqedport-(s) is connected to a reticle library,
,-'aaid processing tool_(i) is an exposure tool,
20 - said optical sensor (10) is a CCD-camera.

7. Arirangement according to anybne of claims 1 to 5,
echaracterized in ¢t h_a t

sald substrate (2) is a semiconductbr wafer,

25 = said loadport 1s designed tp receive a wafer carrier.

'8 Method of detecting defects on a mask or reticle (2)
within an exposure tool (1), which comprises a reticle 1i-
brary, a device transfer area (8), an optical sensor (10) -and

30 an .illumination system (11) for illuminating an area moni-
'tored by sald optical sensor'(lb), édmprising the steps of
transferring sald reticle (2) from sald reticle library to
sald device transfer area (8) via an input slot (7a),
recording an image of gaid mask or reticle (2) using said

- 35 | ., optical sensor (10) mounted w:.thin gaid device transfer area (8)
above said input slot (7a), . :
- comparing the recorded image with a reference image,

- igsuing a signal in response to said comparison,



“conparing the recorded imago with a reference inmage, - i'ssuing a signal
in response to said conparison, 8) .WD'02/093639 15 1 6 JAN 2008 B JAN 7pp5 -

* PCT/ EPO2/ 05189y0 . 0boesf er ring said mask or reticle (2) to said. exposure
tool (1) and exposing a seni conduct or wafeér using said mask RfTERGE§I8Y e i n

response to said signal issued.: 5 9. Met hod of detecting defects on a

sem conductor device (2) Wwithi n a proigsm ng tool (1), which conprises a
device trans- fer area (8) , an optical~Senslor (10) and an. illunination
sys- tem (11) for illum nating an area nonitored by said optical sensor

(10),. conpri si agahggeg_{;gﬁ@ ggidlqnas;pr&ylpé% %u ?31 %%? uctor deV| ce.(2)
to said deV|ce( ;ranéfer area (8) V|a an, |nput sIo 6 a
first image of % FHRUHIGE o Ct!’él‘-’(cztﬂr Waﬁbngus-mw Eﬂipitd (rm.skselirsor
(10) rounted wetlolsdn maponee tbapaier sdgnal( Sigwdpve paid input slot
(7a), 15transferring said sem conductor device (2) to said process- ing
erformng a process step on said sem conductor device (2),

tool (1),
transfer i nggp s Mfafhasnofodeterbingedefect 62pnbaceninaniing toe- dE‘vE? t(%nsf er
2 Ousi ng

area (8), rQﬂ.@lﬁlmQa. r%%SBE@n ”@&?10?' 1 pal th&?eoso%gagﬁptpggggg gggatrqg}s ~above

I'n said

said optlca sensor 1? rmun ed W t
sai d i nput area) (8) ¢ s3f Pl gy rignsor r BkPored ao $ 2l dminstbsd g_s,lg- 10.

1l
hethod ﬁ;a°g§:gw@g;ﬂ;§:§gmﬁé . @f’ﬁ%ﬁ?"ﬂd@*ﬂ?ﬁ% B SRS
patterns in the substrac ma
‘10 - providing sald semiconductor device (2) to said device
. transfer area (8) via an. input slot (7a),
. - recording a first image of mald semiconductor device (2)

using said optical sensor (10) mounted within said devioce
transfer area (8) above said input slot (7a),

- transferring sald semiconductor déviee (2) to sald process-

15 ing tool (1), ,
- performing a process step on said gemiconductor device (2),
- transferring sald semiconductor device .(2) ‘back to gaid de-

- vice transfer area (8),
- recording a second image of sald semiconductor device {2)

20 using said optical sensor (10) mounted within said device
transfsr area (8) above said input slot (7a),

- igsuing a signal ln response to sald comparison,

- 10, Method according to claim 9,
25 characterilized 1n that
the comparison is perforined by
- pubtracting one of the images from the other,

- ldentifying patterns in the substracted image, |
- comparing the -ldentifiled pattern with at. least one -refer-

30 ence pattern.
11, Method according to claim 10,

characterized 1in that
said at least one reference pattern is provided r_e_pr’eeenting_

35 a defect on a semiconductor device (2).

12, Method according to claim 11,



conparing the -identified pattern with at .least one refer- ence pattern;
11, Method according to claim10," characterlzed in that said at1ﬁeé§i2$ﬁe
 reference pattern is provided representing 35 a defect on a sem conduct or
device (2). 12. Method according. to claim1l, 1 6 JAN 2006 WO 02/ 093639
PCT/ EP02/05189 16- 17 c har act er i zedi nt hat said defect
.1s at least one of - a particle on a device backside causing a focus spot,
- a particle on a device frontside causing distortions during 5 resist
spin on, a particle on a devi-ce frontside.causing resist lift-off. 13.
Met hod accowdiozige3sd anyone of claims 9 to 12, ¢ h ar a CperRpfudsi © d |
nt hat 10 said first and second i nage-ily recorded by scanning said
sem conductor device (2) during a novenent of said sem con- ductor device
(2) across the device transfer area (8). 14. Method accordi ng to-anyone of
claime 9to 13, 15 c har acteri zedint hat the processing of

t he inspected sem conductor device (2) is stopped in response to said
characterized that

si gnal .
said defect is at least one of
- a particle on a device backside causing a focus spot,
- a particle on a device frontside causing distortions during
5 resist spin on,

- a particle on a device frontside causing resist lift-off.

13, Method according to anyone of claims 9 to 12,
characterized in that

10 said first and second image is recorded by scanning said
semiconductor device (2) during a movement of saild semicon-
ductor device (2) across the device transfer area (8).

14. Method according to-anyone of claims 9 to 13,
15 charactexrized 1in that
-~ the processing of the inspected semiconductor device (2) is

stopped in response to said signal.



