SYSTEMS AND METHODS FOR EXPOSI NG SUBSTRATE PERI PHERY | nventors: Di kran
Babi ki an, Larry Stark & Bryan Wade Background of the Invention This

i nventi owoet/adies to systens and nmet hods for exposi ng mat peT/@koiotrsidche

peri phery of a substrate. In the manufacture of integrated circuits (ICs)
and sem conduct or devices, the process of spin coating is used to apply
phot oresi st (resist) on sem conductor wafers. Spin coating places a wafer
on a chuck, dispenses resist on the wafer, and spins the wafer to
distribute a thin filmof resist over the surface of the wafer. The
centrifugal force distributes resist onto the periphery of the wafer, but
sone | Cs and devi ces cannot be made in the periphery. In fact, wafer

handl ers, pickand- place machi nes and wafer cassettes may contact the

peri phery, causing resist to peel off and contam nate the wafer. To prevent
t hese probl ens, systens have been designed to expose and renove the resist
on the per Q¥STEMSOANRSMETHODEF OREXPOSINGKSOBST 'PE‘F‘ER@ ¥r located
bel ow a non-rotating fiber optic emtting exposing |[ight at the periphery
of the wafer. A non-rotating sensor detects the wafer edge and sends

signals to menory |afesofdMikeh BASkSH! @éﬁfétérka&%rﬁbﬂg/x%{ig edge of the

entire wafer, a process referred to as mappl ng. er wafer mappi ng,
t he control system sends Si gnal s based on the stored signals to a radi al
transporg @\Ed(]*odi‘ﬁisft i fiber optic in the radial direction to
control % exposure on the wafer. This system has several

o obt e A Yo e R R Br b MR R e ot ur o

uni f or mgetiphédf ef arsmppirate.r equires additional tine and thus reduces
t hroughput. Further, failure to isolate the wafer fromthe heat generated
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process of spin coating is used to apply photoresist (resist) on semiconductor
wafers. Spin coating places a wafer on a chuck, dispenses resist on the wafer,
and spins the wafer to distribute a thin film of resist over the surface of the wafer.
The centrifugal force distributes resist onto the periphery of the wafer, but some
ICs and devices cannot be made in the periphery. In fact, wafer handlers, pick-
and-place machines and wafer cassettes may contact the periphery,' causing

resist to peel off and contaminate the wafer.

To prevent these problems, systems have been designed to expose and remove
the resist on the periphery. One system includes a chuck for rotating a wafer
located below a non-rotating fiber optic emitting exposing light at the periphery of
the wafer. A non-rotating sensor detects the wafer edge and sends signals to
memory of a control system after traversing the edge of the entire wafer, a
process referred to as wafer mapping. After wafer mappihg, the control system
sends signals based on the stored signals to a radial transport arm, which moves
the fiber. optic in the radial direction to control the depth of exposure on the wafer.

This system has several problems. The rotating chuck assembly can generate

airborne particles, which contaminate the wafer, and heat, which impacts the



the wafer to unnecessary heat and particle contam nation. An ideal system
today should be able to accurately expose the periphery of different

di anet er waf@f3ofach as 200 nm and 300 mm wi t h notches, cl iggsyydoiateand/ or
edge irregularities, expose a predeterm ned width, such as fromO0.5 mmto
10 mm from t he waf er edge, have hi gh throughput such as 100 or nore wafers
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envi r onmiaducas! thsugHipit DRuRsy diRra® RORE thRafeHffom TRONEAELMSad ! | bl e
and conpg)g,ttggw% of the Invention The invention provides Systens and

met hods the eXpesyrgrrawc assenbly anddrem the centreldrcslibjants , t he
system i WesSr I . 0.a_guide directing radi ati on
tg a waf gﬁé an e g'le e?é%@r%ﬁ#@&%@@%?gn%'n%'[]ﬁg%'t, and a co%trol system
The i deyd Lber ti.C d/or an optical system such as a

cat ag:“op'?\rdl l@‘ééﬁ%i%rﬂ tééggﬁjag@dl bﬂéﬂ? rtgﬁgglér,a{tg)ﬁ:%ggsg Q@iil@lgefﬁloi)ng t he

per i pher yiftdrethheiamidiot waied sdehiRPERNPASHAE Goagﬁﬁ\&ﬁﬂﬁgﬁiespgl{pgﬁlﬁ&eve this

by radial _and rotating nechanisns. |n one enbodi nent,
mechani s@NE(RsFsigedregularisias sexposeleapiesietes mpped widty, sleh gsifoen aBdmihe edge

det ect or ; dfg&ﬂ ) s si,gnal.s to a control system which
pr ocessed E{EZT"EH gnaﬁgé%%%ﬁﬁ%gﬁé’%% h’gHg%ﬁtSl—{C aé?d]QéPr mneee pedersi on of
the enit Penpogyiatel mhke shagesargiNonPiremSedsbi %o P»%hi-@ﬂ)%%d reSs Qi ut

chanber ,

enbodi nent s tpe system incl udes an exposure source a process
chanber , VaMPGthedemraraiig wpdemoily insbrontemination e eavizofiment. fisstdutail at e

and t her gRle40nb #h3;Aas! e ' chani sm nmay include a drumto
house the su gtrZ’?ééﬁgatln%(ébueﬁ%%f{ﬁﬁ@%@%’z&aﬁgﬂm g‘ﬁ‘p‘f‘ﬁ% radi al mechani sm
preferably supports a tracking exposure head hol ding the edge detector and

the guide emtter adjacent the substrate. The rotating and the radi al
mechani sns



nove the emtter and the edge detector subject to guidance and stopping
mechani sns. A fiber optic assenbly preferably directs radiation from an

exposure @@unzo1$20 the wafer. The edge detector provides Sicangdos/stgocontrol
the tracki ng exposure head to adjust for edge irregularities.Brief
Description of the Drawings Figure 1 is a perspective view of the system

whi ch re%mcaqggfqﬁggﬁ‘é%h#s to illustrate the conponents in the exposure,

process, ontro L of the system Figure 2A is an elevation view
i [T ustratd the.system of Figure 1. Figure 2B is a schematic of the
exposur ewsh%ﬂPX%'%éoéﬁ%W SiSYStng ﬂﬂérm%thgfj%% BE¥PPSING e paiipRIRIYSf €our ce
chanber . skbeua®. & b8 eth ' ' S ' rat he

i nner encl osure_housi ngﬁ_aﬂillgggﬁ?)H(Bés/8¥é§b@Hre@gbgggeér?@to%%%émkﬁ%ﬁP[]?girt 2B,

and a guidivige sireaiing rasiationctosowater, an edge dstetibera sangurt, edsipport, t r acki ng

exposure t adj-acent. a.rqtating drum Figure 4 is a perspective
vi bw of Pﬁéaaf%@f?%ﬁmrﬁmmemﬁﬁ%a ibgr opli¢ Angkor an epticadaysiemg
conponentaciva est ' ' i i i ew of
o Bbod ot ot o adept Tt optieR b nelhe The TigHpSH b RAnBURBE Blanbipk, ' P
of an enB8HPReRtofdhe sHbstralp disingi expostire Thediranspoecinayizehieviet this st r at es

the slidesy: L{: i near encoder and or used to nove the

t r acki ng@%ﬁ)‘%ﬁdr Fe&h{e"?a%mtegﬁahlrsﬁ‘%liq ng %@@WWQQW@W’QW‘?WWQ%M of the
process shppiwes thewediedinmg-Hangsrg sLPPoAMY tﬁé@%ﬁﬂé‘ﬁndﬁfé‘%éﬁétéc%r. ‘rhg .
rotating Hech nism Figure 8 is a perspective view of the system of Figure
1 showi n§O8P Celprdoupendsstignals teagandro sysiean wiiicheprnsessentimsigeals of t he
gui de T opndohBls 18 tfRpBH't8 Adls? & Position of the emitting guide when

necessary to expose the periphery.

- In other embodiments, the system includes an exposure source chamber, a
process chamber, and a control chamber to isolate the substrate from particulate
and thermal contamination. The rotating mechanism may include a drum to
house the substrate and support the radial mechanism. The radial mechanism
preferably supports a tracking exposure head holding the edge detector and the
guide emitter adjacent the substrate. The rotating and the radial mechanisms
move the emitter and the edge detector subject to guidance and stopping
mechanisms. A fiber optic assembly preferably directs radiation from an
exposure source to the wafer. The edge detector provides signais to control the
tracking exposure head to adjust for edge irregularities.



exposure source to a wafer. Figure 10 is a block diagramillustrating an
enbodi nent of the control system Figure 11 is a block diagram of the

r-axi s nogu @/309ig2t he control system Figure 1 is a schematpca@o1ltgoopti cal
system enpl oyed in the enbodi mrent shown in Figure 9.Detail ed Description of

the Preferred Embodinments Figure 1 illustrates a system 10 to expose and
remove rBtiehDesoription of the Brawingsl on the periphery of a substrate. For
brevity, we describe exposure of resist on sem conductor wafers, but other

appl i cat Figuse drieapesspdiitive vidwe of Jee sysidifl, ivhidhudesovesnenoisduirg walllste 14, with
a passag@ ]]gé a%Bd aHPai r of L-shaped brackets 16 (one shown) to secure the
syst em 10USHRE 1he GPARANGRES iibe SXRESE; PERReSS, ard epntigl chamiys oktket of
modul e hglglbmg and | evel arms 18, 20, and 22 |level the system10 to a

| oad/ unl cad robot, not shown. An exposure source chanber 24 houses an

exposur e . | N (L F . rocess. chapber 26 houses a

waf er 12F@§‘rt|(%§ '§%§%¥%EO%§H§§WA%3@‘6§|}“%ﬁ\éﬁﬁg}OfZ%‘gHB%ggs a control system
Figure 1 t.he exposuyre urce chanber 24, the process chanber 26, and
the cont ?@p?%ﬁgd%w%ﬂaéwsqfiﬁﬁg&p?wﬁ]s{%ﬁcq Eé%"f‘gbfrﬁ‘ FUPNEHENCIQFUW B ngement
i's not ep3pBldxPbsufedsdure8aRRAbepr ef erably includes access for service and

mai nt enance. The three-chanbers isolate heat generated in the exposure

sour ce CP@G‘%@B €4 S@J&é&w@%@;&@{;@ﬁ&ﬂﬂmﬂnﬁ fthemAdleRiqeess chamber

26. The eXposure source ch ontai ns an nner "encl osure” 30,
pr ot ect i housinhg thexexpasure souraseassesebip shoRA iff FigreeR Bindean duidedeadingg a

f b [ hi h nbly 38 wh h
door 15 FOIBAOUGE T BeClpbET s0oBoTH By ZAAGHNG SReoeUsh ERALOGIeR 1 1 avi of ot

(W) i ghdjasemt £ Potafifg dhitier enclosure 30 al so encloses UV radiation for
operator safety. The Tnner

Figure 4 is a perspective view of the rotating drum shown in Figure 3, with details
regarding components mounted on the rotating drum.

Figure 5 is a perspective view of an embodiment of the tracking exposure head.

Figure 6 is a perspective view of an embodiment of the top portion of a radial
mechanism. It illustrates the slides, the rails, the linear encoder and motor used
to move the tracking exposure head.

Figure 7 is a perspective view of the floor of the process chamber including the
guide and stopping mechanisms for the rotating mechanism.

Figure 8 is a perspective view of the system of Figure 1 showing air and wire
ducts.

Figure 9 is an alternate embodiment of the guide for delivering radiation from an
exposure source to a wafer.

Figure 10 is a block diagram illustrating an embodiment of the control system.
Figure 11 is a block diagram of the r-axis module of the control system.

Figure 12 is a schematic of the optical system employed in the embodiment
shown in Figure 9.



encl osure 30 al so hel ps manage thermal and particul ate contam nati on.
Process requi renents determ ne what exposure source is used. For exanple,
mercury | @pR/39fach as nmercury xenon and exci mer | asers cagrTeR9as3dhe
resist on wafers. Mre specifically, a suitable exposure source for deep
ultraviolet resist centered on 248 nmis the Hypercure 200 manuf actured by
Hol ogeniDetailediDesaription 8bthehPrederredbEnibndikentst abl e i nner encl osure 30
and exposure source assenbly 38 can be obtained as a single unit from

Opti cal Figweci Hustatekrrsysiéml 10 f ebdsel drebrenidve RxdiatiorPsenising
0860- 0041-01). The exposure source chanber 24 has a flpoor 32 with a passage

34 | eadiMgtefigl eméhgperrhary of aybistrate. s brevity, yesderssiReaxpesurg @ drawn from
th : | |
50° and. pegt i SBRforthioltifytals, if o Spfodbrs B HlaliE TROSISBAC' D00t oo

chanber 126inckides @ mbdatifd-peite @ 48ithlsspagesges 5yandsuphir @8 Laghapkdom t he
process chanmber 24 and is connected to the exhaust 142 from control chanber

28. Fi glrackeis 48dopa shonpi {0 aeeurs ihe susiest 1019 A Nigid frameuinatshowe), 4 1
em tti ”%rff&'l)@egﬁ@ F%%B?’A gc-‘gi%ﬁlrﬂS&nﬂ%trfbﬁdiﬁgggnb(?%\gﬁlFatPﬁtsﬁ@, R GhY-ooThe em tter

4 1 is par or conp ewtha I'C and/’or ’an opti cal
syst em dsvelithé shsterh $C s adohd/ehivad rébot motshown FAg@expesre sowics- 4, the

transport includes a rotating nechani smand a radj al hani sm The
o1t | G ABRIRLHA 9 a9 TGP OSLUTP SRRIDS BYSRTRIN SR INIR BB & GEBSSAe. a | oer

cover 4Qnaiichdeibised, Wald)  4afifd oRASRACartPa dorbPaliGRnBRs4 | ol €

contam nation on e rotating nechanismrotates, the
em tt er hbukesat edrdsol apsiem.t he peri phery of the wafer 12. Although a
rotating drumis the preferred, Figures 1 and 2A show the rotating

mechani sfigg@n BRowsthe ekgosuppaouesy eiamen?4 ahe ipgocessothagnibéads, reid ng
structure capable of controlled rotation adjacent the wafer 12. The radi al

mechani dhf SONPEARFBPE28 AR starkeddrom tap i Boligmebybthifcrgangemant isver t he
waf er 12,4 ckBRi4128E8h cHYMBSH bRsterdBl includes access for service and
 maintenance. The three-chambers isolate heat generated in the exposure source
chamber 24 and in the control chamber 28 from the process chamber 26.

The exposure source chamber 24 contains an inner enclosure 30, protecting the
exposure source assembly 38 (Figure 2B) and providing a safety barrier to
touching the exposure source assembly 38 when the access door is removed. If
the exposure source assembly 38 contains an ultraviolet (UV) light source, the
inner enclosure 30 also encloses UV radiation for operator safety. The inner
enclosure 30 also helps manage thermal and particulate contamination. Process
requirements determine what exposure source is used. For example, mercury
lamps, such as mercury xenon and excimer fasers can expose the resist on
wafers. More specifically, a suitable exposure source for deep ultraviolet resist
centered on 248 nm is the Hypercure 200 manufactured by Hologenix in
Huntington Beach, California. A suitable inner enclosure 30 and exposure source
assembly 38 can be obtained as a single unit from Optical Associates, Inc. (OAl)
of Milpitas, CA (e.g., part no. 0860-0041-01). ‘



I's located over the upper cover 44 to reduce particle contam nation of the
wafer 12. In the preferred enbodi nent a tracki ng exposure head 40 supports
the em ttaip ¢d/3d12nd t he edge detector 43. The control chamgarysdgst3el udes a
pair of parallel guides 62, 64 for rollout of an electronics tray 66
supporting a main control system 68 including a conputer preferably but not
necessar Thg exapaiecssaifrce shamber RAdiasi a flost 3dwdthd passages8dieddingrtogher al s

out put - dBUCEss BT 2 TRUND 43S anfn B APE drafBroth iS MBRiees PRenBieber 25

i ncl udes2gAh@XALRE pasga%éea tb @obEIMRMAnSCAH IO T g8l Bbévbh?gﬁﬁb[]la@é’”t rol
system 68. The process chanber 26 includes a wafer passage 136 for | oading

and unl oH@Migllingethieug pqsmea:ﬂfalrmmem@ceaa@hamesaﬁpé ust 189 (Bigbtse 5
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rol I er atite éxHaist 1agardri Congdptidiibar228.n t he inner encl osure 30. The fiber
optic assenbly 36 spins in the roller and thrust bearing assenbly 72 when a

rot ati ngFREESAI 2B éﬁlql’bs%%éé’PWFQn‘E’sBoﬁ'?bﬂMb?tﬁﬁgang%nftu‘t%e@ﬁéTngh@ F%]cﬁat?a% shows

the fiber “optic assenb eads down e tracking
exposur eahda em;eadgz’@@tmma dongdiie pedpheryhtheemittecédV éx pard ofapgiort s an

r-axis servo troll ted II‘CUIt boar PCB) .74, .a charge coupl ed
Gewi o ( EotapeOBwE ariast ot Fhefinan ntsh® Blsielas wiltPe fRafig bef

r esonat ops &howdih FH?QF@!S@@ aadwntmblt@r@pbmn@maéé alrb@ru (Fﬁec?l*f’arﬁeﬁng , OA
part no. 080-0005-0I) and a CCD counter PCB 76 art no.

0860- 000310 B) radlﬁién@wru@nnifbe reaing e1qohesisso i (@esaa !JBer . elydingh CCD
such as art n 50 7-01 es with a ensor
chip 50, SARR” PoVSk AR R et ever a0 MR il B B A e b Sae RS oo
sensor Chédho‘égparﬁclléaddntmine@i%ﬁQQﬂ%w@%emQeAéyhé)ﬁitatnﬁ@médhbﬂrsnPCB 78 and
anplifier resonator 79 function as a notor anplifier driving the radi al
mechani sretaiasethaemitter 41 rotates about the periphery of the wafer 12. Although a

rotating drum is the preferred, Figures 1 and 2A show the rotating mechanism

can be just the upper cover 44 or a rigid non-contaminating structure capable of

controlled rotation adjacent the wafer 12. The radial mechanism 56 transports the

emitter 41 and an edge detector 43 over the wafer 12 in the radial direction, but

is located over the upper cover 44 to reduce particle contamination of the wafer

12. In the preferred embodiment a tracking exposure head 40 supports the

emitter 41 and the edge detector 43.

The control chamber 28 includes a pair of parallel guides 62, 64 for rollout of an
electronics tray 66 supporting a main control system 68 including a computer |
preferably but not necessarily capable of interfacing with standard storage and
peripherals and input devices such as a mouse, a keyboard and/or keypad, and
standard output devices such as a display and/or a printer. The contral chamber
28 includes an exhaust duct 142 to remove heat generated by the main control
system 68. The process chamber 26 includes a wafer passage 136 for loading
and unloading the wafer 12 on and off the chuck 50 supported by a base 51.



Nanonotion, Ltd of Yokneam |Israel nakes a suitable anplifier PCB 78 (e.g.,
QAl part no. 4900-1 16-01) and a suitable anplifier resonator 79 (e.g., QAl
part no. #eQRr3%1828-01). The dedicated controller PCBs 74, ptayuandrsss

| ocations on the upper cover 44 reduce the nunber of lines fromthe nmain
conputer 68 to the radial nmechanism56. The CCD counter PCB 76 conmuni cates
with a CEigwerdbis @Yelavatiorgrvsoiiperaysternyl O stown indRiputg txpige@se2Aead 40.

par (1 oot aca gk el e i oPlE aibeRbR & Ml s BTN SRMEN ot ati ng

t he dr umiaring sdsemoin?2 datiesinhepEn88shiecd0, Skthdibervspiiceassendly 86'spins46

stores a flat cable %not shown), which carries power and control [ines from
the cont ivthekdiepand brusbbewwsﬁm%la T@swiien [a retating maehaamrIchedS PCBs

ot or an gl (TRrsS (ateR o e Hive et ol arBalyi 36 Mdena o
t he drumdgdn 1ot tbasmittel B0 Wn hibreRKinPelgturé abag abl &gaaam thé gl 2 exits
the tray 82 and is secured to the cylindrical wall of the rotating drum

42 and t qHhgEdgver harsug -°ts af, r-aB@s s8Re J&nroﬁégymea%mhh%hr@t es details

of the ex osure source as c{ey The exposure source assenbly 3
i ncl udes (ROBanft, @65hasgeg Cpuplﬁd M@Cﬂ)hﬂ@umhf’%& amampdfier E’GBaY&JV

part af [y AT’ GePBaT 4o B TReviiel B Makle S50 BHEBIGERB A " | arp
i ntensi t yeRy 0DAI PArt rmemotcmdshm y#id 8QED c%&neércpccﬂaersf(]@agmom pafiy.tors the
exposure energé outﬁ ut of the lanp 86 so it can be rep aced before out put

falls belO8&0r esCConeouniet BGBJ@m@épcyetasSaﬂaémmn iah CRd

Nat  onal bt BAEPERTE SehBTAES] Guiin R eReifh gf&@?e‘s@*@é* g 2L

NI ST doc 8% RiHict tsesmdrt@rdadn me teaukinidrexsortrg ieat 40 Ghe suitdlié bewdar t he

probe 90. The refl ect
- chip 59 is part no 08600002 02 made by OAI. Amplifier PCB 78 and ampilifier

resonator 79 function as a motor ampilifier driving the radial mechanism motor 56.

Nanomotion, Ltd of Yokneam, Israel makes a suitable amplifier PCB 78 (e.g.,
OAl part no. 4900-116-01) and a suitable amplifier resonator 79 (e.g., OAl part
no. 4900-118-01).

The dedicated controller PCBs 74, 76, and 78 locations on the upper cover 44
reduce the number of lines from the main computer 68 to the radial mechanism
56. The CCD counter PCB 76 communicates with a CCD sensor 59 on a PCB
supported by the tracking exposure head 40. Each controller PCB 74, 76, and 78

preferably includes a conventional particulate cover not shown.

Figure 2A shows a rotary motor 80 for rotating the drum 42. A drum and cable
tray 82 located below the lower cover 46 stores a flat cable (not shown), which
carries power and control lines from the control chamber 28 to the motor 80 as
well as to the controller PCBs 74, 76, and 78. The flat cable is arranged in a
spiral in the drum rotary motor and cable tray 82 to permit the flat cable to wind
up and unwind as the drum 42 rotates without stressing the flat cable. The flat



preferably a detachable part of the exposure source assenbly 38. Thus, in

this preferred enbodi nent, replacing the reflector 88 will not require
repl aci ngwig®/oaap 86. The refl ector 88 focuses radi ati on ggrRoliagssh anp 86
in a cone shape 184 whose apex 186 aligns to fill the source end of the

fiber optic assenbly 36 within the roller bearing 72. Figure 3 is a
per spect icableedly be traye82 ppd dmrsaduradl to theheylinsticobwalk 48 te radatingd t o

i1l ust hanber 24 and the process
Lhaﬁ;e:a?gﬁﬁg g§ﬂ§%§ﬁ§ﬁ§%§nﬁﬁ€¥?ﬁ%§?£e(ﬁgﬁﬁﬁé 30, the floor 32 geparating
th . 24 and the process chanber_ 2 the fiber optic
i R e R i e S

em tter éo&rcé&&errﬁ@ly?g iﬁBl@xBé@'a%Hhx%%&té?&A fbhiglaRpRedfbnetf. and 78,

the resonator nodul e , the upper cover ﬁ?@%e rotatfng drumwall 48, the
waf er pasedigs, ingn Uhheptinvizedyetiecior 83 andahipported\pys innke ehtlosurddgame

i . mber., 26, f h | 8, the rot
Tt - swe RO SREAR, SRR Han preRS i< vl BBk o, SHORERE-AF A lBRer 156
the bl ocI‘mténésit;npmbm,dfexlwthea@ﬂeétbﬁggtamh@g%e@1 Hiniepdpenents in the

| ower portion of the process chanber W e further discussed in
connect i GXPABYIe eneygy OUInWiQjthelanp 86 shdhcarebaireplaced betore autputdalls of t he

cont ol | Pttt EhE ANk IfbRE o IS QA B nd haPER Do g
phot o sepssferdsly &adeablede didognliblael at b Unfe@ SIRBINAIMaHrEhARE @ Pl ate 52

fromsliding too far _in operation in accordance with control signals from

t he phot Stareres ael Taehnghogit NNISTHhINSTosacaahie maansiiitdsdodmentsgh@osi ti on

cont r o | PIEBHRDLE Unior et B Btk e s PG PO BTERRT s hnect i on
W th Fi gpreferdidly b detabhasle®abt dfth@ eRpoSIedUree 88sdmBlytamdiiugginakiRosur e

head 40, which supgor,ts t he ) ) ] .
preferred embodiment, replacing the reflector 88 will not require replacing the

s

lamp 86. The reflector 88 focuses radiation from the lamp 86 in a cone shape
184 whose apex 186 aligns to fill the source end of the fiber optic assembly 36
within the roller bearing 72.

Figure 3 is a perspective view of the system 10 with the enclosure walls removed
to illustrate components of the exposure source chamber 24 and the process
chamber 26. Figure 3 shows the inner enclosure 30, the floor 32 separating the
exposure source chamber 24 and the process chamber 26, the fiber optic
assembly 36, the rotating drum 42, the tracking exposure head 40, the emitter
41, the radial mechanism 56, the controller PCBs 74, 76, and 78, the resonator
module 79, the upper cover 44, the rotating drum wall 48, the wafer passage 49,
the rotary drum and cable tray 82, the floor 96 separating the process chamber
26 from the control chamber 28, the rotary limit switch guide wire 120, the block
follower 114, the arm follower 116, the block follower guide 118, and the guide
block 126. The components in the lower portion of the process chamber 26 will
be further discussed in connection with Figure 7.



emtter 4 1 (Figure 1) and the edge detector 43. The tracki ng exposure head
40 includes a bracket 54 attached or integral and perpendicular to the

L- shaped Woadz9m2. The bracket 54 supports the edge det ectperr/ésdiufabudi ng a
light emtting diode (LED) 58 facing the CCD sensor 59. The CCD sensor 59
captures radiation fromthe LED 58 not covered by wafer 1 to detect the
edge of [laremf«t show details of the componebtsdof thesystan|16. ERNred iflsst@i¢s par t

no. 080- - S ) 1 det gct rct i in the path of

t he trac&%%ghééégggﬁ?cg\;%gﬁ%o%ﬁgetCPFSS@?rsﬁ ggﬁ%t%c@r'a%’ 6‘8%#%64 as

di scussecadiallmechanisOBeahtiodingd phdtoBenSorlos WRdCdlide MR BREK e, Pt or 108
to stop further radial novement of the tracking exposure head 40 until the

obst r uct PEYeNsthe lexshaned mlgjahasiramsligingtoptar inaeperation thactasdans with

ttached s ' re head.40. As
honn | n PR ARRFThE L serelt o, o G FhEHER ARG BRAM o1 ae
base 102thenomegubsitiort dicthepadial nwekeaniéfh 560Théhshiedgogiion hAgehe 4 with
outer cross roll ear.i ngﬂrai |l s 05 and 10 i di on parallel inner

b 7. slid
oross r ofINSHoR®.8f e, Comtrolier BB 4d78,18nth78 tikbe ifuderstesssbad delaein A | i near

encoder &9 R kg 414 Near notor 108 supported by an encoder - not or
mat i ng brd@%gﬁo@ggﬁ?gﬁgﬁgﬁygﬁt%der tape (not shown) bonded to the side of

th I ' ' tot he li d 106
provi de. LIS 811 S ER0PENE H)8nTRtHBE SRl frad ook BEdEMEEThao wi tn
respect bmittdret WeHiguirel D). akdihessdderdbiectordizalrhBredbkit ek Urs hEkd 4part no.
0860- 0010-01. The radi al nmechani sm 56 transports the tracki ng exposure head

40 suppodusiestabraditet b4 attached or tpgral and perpendisyaste bedi-shageder i phery
of the 2 r b S - . nsqr. 59 and
The Len B GACTD8 Ak s3It o Sod BetetBF A3 RS s BRRAG: o
carri agedibaié (RED)ES faetligiher®CDavnsor 59, Thd 00D saascrei®saptigeosi tion of
t he CCD sepsor FQ. he sensor 59 signals are a function of the |inear
posi ti on'@tatanirem 15@ @%88@@ cpyared by wafer 12 to detect the edge of the

wafer 12 as will be described. A suitable LED 58 is OAI part no. 080-0018-01.

A crash sensor 61 detects obstructions in the path of the tracking exposure head
40, and triggers a protection logic 164 as discussed below in connection with
Figure 11, which commands the motor 108 to stop further radial movement of the
tracking exposure head 40 until the obstruction is cleared.

Figures 4-6 show the radial mechanism 56 is attached to the L-shaped plate 52
of the tracking exposure head 40. As shown in Figure 5, the radial mechanism 56
itself includes a fixed slide base 102, mounted on the upper cover 44, and a slide
carriage 104 with outer cross roller bearing rails 105 and 107, sliding on paraliel
inner cross roller bearing rails 110 and 112 of the fixed slide base 102. A linear
encoder 106, a piezo-ceramic linear motor 108 supported by an encoder-motor
mating bracket 109, and an encoder tape (not shown) bonded to the side of the
movable slide carriage 104 and adjacent to the linear encoder 106 provide
controlled radial movement of the tracking exposure head 40 with respect to the
wafer 12. One suitable radial mechanism 56 is OAI part no. 0860-0010-01.



and the tracking exposure head 40. For exanple, if the notor 8 noves the
radi al mechanism 56 10 nmtoward the center of the wafer 1 , the CCD sensor
59 will sa®cbBofgn nore of the wafer 12, that is, the waferpchiZusilstssbl ock
sonme cal cul abl e amount of light fromthe LED 58 from being captured by the
CCD sensor 59. Figure 7 is a perspective view of the conponents used to
rotate, dihedadialdnactmismss wangdons the trmckimgaaxpogunehbathd8rauppottings t he

d 42. i nent., t.h d he, f1 96 of
the pr ocdbd <BiEeEAT T3 FoHiion BEfeTamer chie BEMRIEY Bds BRtan 2. Apidhego °
(Figure ZRgetdetesionlys ddmepilingECCB S8Hsdr3b Akl Wl LERSH Thasmageway 32 for

the electrical cables such as those associated with the notor 80. As shown
i n Fi gur @ncedan$0§ measures Sukpesition ektheisliging saviagat! 0def thevirdiacover 46

wni on 1 n PRSI TsREtesing PGB BLIRECTR S8R 8 SR e ver
gui de 1 &dnret 8defgriils areafunstionvdtithd lingampdésition of thesdliddecamiade n1e@spect to a
guide wire 120. The guide wire 120 includes a reflective sensor 122, held

by a ref &t ihedragkingdexprsiik seadf). Ranpsamg, ddhe mpien 10Raneyesciker ol | ower

Po st op. tRUhHATEEE SbLAb Wi IR Rhs eer U BG4 T BCTRRERY Gulde
wire 120 sowliiude €0 hehirmotd ofetheansder 14, that ietrb Wifer 12ewllidgddkvsoragnsor
bracket 129, which detects when the block follower guide 118 is adjacent

with t he Gifidaple gmourfipidighpirem hed-EDP é@ﬁfcmbemggﬁ@q%w&d BY 8¢ €6® notor 80

rotating m 42. The system al so provides a hard stop 128 to backup
d % 54

t he sensor 5 _"Figure 8 is a perspective view of the system shown in

oS, Iyt | 2 RS B gl nibidhd B0 8 AR WA R
passage fipe relgiohldfeaiotaing iechanieptdieh ag Biend@im BRom dheembodinest, source
chanmber 24 and control chanber 26 to

the components are mounted on the floor 96 of the process chamber 26. The

floor includes a hole 130 for the motor 80 (Figure 2A) 1o rotate the drum 42

(Figure 3) as well as a passageway 132 for the electrical cables such as those

associated with the motor 80. As shown in Figures 3 and 7, the block follower

114 pivots at the lower cover 46 (Figure 2A) of the drum 42 and at the pivot point

of an arm follower 116, which in turn pivots on a block follower guide 118. The

block follower guide 118 includes an aperture, which permits it to slide with

respect to a guide wire 120. The guide wire 120 includes a reflective sensor 122,

held by a reflective sensor bracket 124, which detects when the block follower

guide 118 is adjacent with the sensor 122, which provides a control signal to stop

the motor 80 rotating the drum 42. The opposite ends of the guide wire 120

include a reflective sensor 127, held by a refiective sensor bracket 129, which

detects when the block follower guide 118 is adjacent with the sensor 127, which

provides a control signal to stop the motor 80 rotating the drum 42. The system

also provides a hard stop 128 to backup the sensor 127.

Figure 8 is a perspective view of the system shown in Figures 1-2 with an
enclosure wall 134 with a wafer passage 1386, the inner enclosure 30, the drum

42, a wire duct 138, and the duct 140 providing passage for electrical utilities and
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t he exhaust 142. An alternative guide shown in Figures 9 and 12 includes a
light reflective assenbly 200, which delivers light (e.g., W) froma |anp

house- i nt @@y @isoi@ sphere 166 through an optical systemto gdigusyafieszo12. The
I ntegrating sphere 166 gathers energy froma |lanp such as a 200-Watt
mercury |lanp (not shown), which is inserted into the integrating sphere 166

t hrough I \ 03%}. ‘

i nt egr at Pl%g?s&ﬁé\(aeﬁ%g%%ﬁ.&ﬁé&%rﬁg@hﬁ%ﬁpensﬁ%r é‘PgP&t §’8B&J}§?Q{%%&sm ssion
| osses f tlognekhaudta.t o the wafer 12. As shown by Figures 9 and , the |ight
fromthe integrating sphere 166 travels through a light shield 230 and is

col I'i mat eth Qwerﬂﬁtlwgﬁlﬂe@ﬂﬁvrﬁﬁ Fifufeafd g6d HQQndﬂUﬂé@é lﬂgﬁ@réf%fch@ét s the
collimated Ii , and is curved to narrow the light to a |ine beam The

| i ne beardsee %OQ HidioQ ieeliversdight (8., Mfmmuatlgmmowse itegratiegit i onal

whose o EEE 16 WHeNBndrEGMET SRR bk WeeArE T PR BRI SRR, 177 and
179 and/ %@géthé@eﬁ&g? fiopd a 1dme mhlaﬁl@za\@%aﬁpﬁ@mr;ﬁm;@mrsacm) as t he

tracki ng exposure head 40 (Figure 1) noves across the wafer 12 in th

radial diwhieh ioAseried gﬁ@\xhe ntegaa et d 66 thrPkel hole 202 .and prefrahly the

| enses 8 I

aper t ur o SH0sed 418 K bottor hatheoralif Soba tod AT Ref PR ERR,
wafer 1 .fofe @ticaabbnsmmim lbsfséeﬁbirvmeaamrtbltble dier $2.00 showi byo.

0860- 055- 01 : (;)f Livernore, Caljfornja provides as I tabl e up | ens

268 (0. g T 0dies ARd 1RoIneckSR #6m Tasesr ey BPReTS) 106 Baidls tRUSh SAIGRE. o
i, 21 5195 0 o84 PR ) P g
5. 0) havithg caliimdited tighnhcad & @lreed to nawowtthelightrtefd bod beafr. dhe lisar f ace.
Froure 0 p o Vel Shiouth 8 baIoWe 17508 S WAy t8'a dorventonalhoudtng £78 Y ©n
containing a conventional filter and a beam turning mirror 232 whose orientation
can be adjusted by turning a set of mirror knobs 177 and 179 and/or a lower lens
234. The bellows 172 expands and contracts as the tracking exposure head 40
(Figure 1) moves across the wafer 12 in the radial direction. As shown, the beam
turning mirrors 170 and 232 and the lenses 168 and 234 redirect the light into a
light column 182 formed by an aperture 236 in the bottom of the housing 176 to
expose the resist on the wafer 12. One suitable light reflective assembly 200 is
OAIl part no. 0860-055-01. CGVI of Livermore, California provides a suitable upper
lens 168 (e.g., CVI part no. RCX 49.0-38.1-UV245-390), lower lens 234 (e.g.,
CVI part no. RCX 40.0-19.1-UV245-390 coated), and beam turning mirrors 170
and 232 (e.g., CVI part no. TLM 248/365 - 45 UNP - RW 50.0 - 30.0 - 5.0) having
an UV-enhanced dielectric on their reflector front surface.

Figure 10 is a block diagram of an embodiment of the control system, which
includes four modules: a system supervisor 144, an r-axis module 146, a theia-
axis module 148, and a coordination module 150. The system supetrvisor 144
performs high-level control functions, while modules 146, 148, and 150 perform
low-level motion control functions. The system supervisor 144 receives recipes
from an external host such as the SVG Pro Gell Host Gomputer through, for
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I ncl udes four nodul es: a system supervisor 144, an r-axis nodule 6, a

t hetaaxi s nodul e 148, and a coordi nati on nodul e 150. The system supervi sor
144 per f owigso2soida- | evel control functions, while nodul es Jp¢gayusk487s3and 150
perform | owlevel notion control functions. The system supervisor 144
receives recipes froman external host such as the SVG Pro Cell Host

Conput er eXamFllghR&m%xarrnailcmerSn@aﬂosgreira:l dicawtertie loatlevebmodakksdiderct s t he

| ow | evel 48, and 150 to performthe exposure routine
speci f i ed“% 'Wg%itﬂ pertora the @xRosyse r(ﬁ"ﬁmﬂ specifigs! by e regipe. %@G I9Wr f or m
real -ti nﬁe@@l%b@blefsbﬂ%t H@QSaﬁcWS@%n‘éﬂW?éﬁl ﬁﬁb'c@ﬁtr@?ﬂ% 8né 86 tﬁé(tSt em
supervi sor 144 and the | ow | evel dul es 146, 148, 8 'S not

time-cri twamunmm@eqméwewxhe:ayatemstmmvlseeimmnddmﬁmm oroduites be used
48, and 150

bet t th th d
reduci ng. Tt EDHIERIP 1ot el il riasbe0 i sonyaationsl sebiel abi
i npl errentcﬁsinmunrmoﬁlml 1% b§é’d HewRELihe syatbrk EUB@%&hMS&nd fie othbr | S

conpact, easy to program and may enpl oy standard conputer peripherals such
as a har dnggiiges MBopmﬂ&@ureéumngd@ang @dmp%yd"éln@sys’tem sypsvisper at i on

T The tnitaR R Bl M B R AP0 R R R Dt a2,

whi ch rottakeR id bempatt, baéy{’o%rd@fr@h‘\laiidlmav@nﬁlép%%ﬁc&r@%@m;ﬁﬁ@tund the wafer
12. The theta-axis npdule 148 is constructed froma conventional rotary

stage, wRePhedalsifdiel asnehawst diivesand Hoppy driye dlesited. and contr ol
el ectronics. The coordination nodule 150 is responsible for coordinating
t he noti ohhetletdils af de spemtionalfitlke nvatidm edmdrtol eysteheanermtmanagdm The

coordi nat i on I 0 nonj s+t he t het a- axi 0 . nectingto
the. t het s aheEpH P Rold- 7 rhe ey fosti s < @3pprahRoeE
i ndi cat i ngbriths of fied arum Us WARhfofited fe bﬁfﬁtérﬂxpl%v&%@ frd éﬁﬁosu@ﬁeétﬂ se is
generated each time the theta-axis rotates t hr ough

around the wafer 12. The theta-axis module 148 is constructed froma

conventional rotary stage, which.includes the motor 80, a rotary encoder and

controi,eiectronics.

The coordination module 150 is responsible for coordinating the motion of the r-
axis controller with that of the theta axis. The coordination module 150 monitors
the theta-axis position by connecting to the theta-axis rotary encoder, which
generates a series of pulses indicating the theta-axis position for the r-axis
controller. One pulse is generated each time the theta-axis rotates through a
small angle. The coordination module 150 also captures the theta-position when
the r-axis controller detects a notch or flat. This allows the system supervisor 144
to determine the notch or flat location by reading the captured theta position.

The primary function of the r-axis module 146 is to control the radial mechanism
56 to move the emitter 41 for the appropriate exposure depth during travel along
the edge of the wafer 12. The r-axis module 146 controls the power delivered to
the motor 108 to move the emitter 41 in the radial direction. The exposure beam
position is determined with the linear encoder 106, and the LED 58 and the CCD
sensor 59 detect the wafer edge position so that the measured wafer edge
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smal | angle. The coordi nation nodul e 150 al so captures the theta-position
when the r-axis controller detects a notch or flat. This allows the system

super vi sowolgkoiga determ ne the notch or flat |ocation by pEaagiongrizhe
captured theta position. The primary function of the r-axis nodule 146 is
to control the radial mechanism56 to nove the emtter 4 1 for the

appr opr i ROsitieRs selptiveiépine expastee beamgiosiliamptneicthadgn atisdlte waf er 12.

the omt PRy g LR SBIN80d v fuPéino Y LR SE0he: S afReion on 1o "
det er ni neddiatibh fidhettd semterepcssitie %&g{fehp@mﬁoﬁ ey deferafited RRNGHD sensor

59 detect the wafer edge position s at the nmeasured wafer edgeposition

i s rel at 8¥ROFIHIHR WalBH I ENE&R persariashis hsetasably meh difactibeppasite thesi t i on.

The LED | ol ] ' r rat.her th radi ati on
fr om t he “ARPFIS5%prh ity RECRR: r8thardBi e heanal bR doftie e ofbe

exposi ng GG seater 532In drieeeMBDdeetheb@CDssaristh @9abhils i exidsesd | Y
opposite the exposurliebeam ei ther because the exposure beam may be too

i nt ense fA5AM R¥ aK ofselsush ag @ myReCensertiantly: the imm@djat%dat@drorﬁg | eads
h t t
e o or the ECIT R8N B9 B asnallds ' J66ior Bndal Tt @ BRRIMI The (1S q of

t he eni t teenbedithehbasesiaariemony sucsteas a firswinHirss oG RIBORbiffes156 (Fifirest - out
(FIFO b f& r ‘iq,56ér$|:i ure Itxlro storS b{r:gnin data fromthe sensor 59
unti | th§1 E%é ¢ ingrdea froa theeCoRheensor 50 Wil theesuwnbeanvs t he

wafer 2, i r jiat ' ' L.@gnal
Goner at edCRor gt b8 g b bl e HoPpAERL A8 wekaP1 2 AR EREH S WS
t hr ough tthe GAFGataufTihe cagdinating signBCgendrated b e soarirfatied nodulpdSot i on

i th h. _pul f .t ' |, B | i ' t thet a- axi s, di
betweon_ GVEUE G2 FER ngtah B D BUfeerSa.cH Al b buifet LHSH wi th
Che i . S _ . Ve ; ;
W' TRE TR 995 B QRIFUUNL 1 dgni DSBS s
distance between pulses, the data leaving the FIFO buffer 156 can be matched

with the immediate position of the emitter 41.

Since the CCD sensor 59 moves with the tracking head 40, the CCD data is
dependent on the immediate position of the tracking exposure head 40. For
example, if the tracking head 40 moves inward in the radial direction 10 mm, the
CCD sensor 59 will see 10 mm more of the wafer 12, that is, the wafer 12 will
further block the amount of light from the LED 58 captured by the CCD sensor
59. The invention compensates for this dependency by subtracting the radial
position, as measured by the encoder 106, from the CCD data. The resulting
data is independent of the position of the tracking exposure head 40. This
compensated data is then stored in the FIFO buffer 156 as previously described.

Figure 11 illustrates the functionality of the r-axis servo controller PCB 74. The
PID compensator 162 represents a closed loop position controller to drive the r-
axis module 146 to the position specified by the ref position signal. This is
achieved using conventional PID compensation techniques, which determine the
instantaneous motor command by combining the instantaneous position error,
with the integral of the error, and the derivative of the error.
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dependent on the imedi ate position of the tracking exposure head 40. For
exanple, if the tracking head 40 noves inward in the radial direction 10

mm the Gilg @eosRr 59 will see 0O mnmnore of the wafer 12, gdiatsoig7s53b he
wafer 12 will further block the anount of light fromthe LED 58 captured by
the CCD sensor 59. The invention conpensates for this dependency by
subtracting the radial position, as neasured by the encoder 106, fromthe

CCD dat The..r ' T the position af the tracking
oxposur S REEG G Wi Rsft B Bos R OE L AORb: fla, WF, PRENBRSRIORORI o butf er

156 as pmetorpabayy peintin fired. Itis generaldd by thestomtsier beofdimgtd waal i ty of the
r-axis servo controller PCB 74. The PI D conpensator 162 represents a cl osed

| oop posTYTEIH eede PHPPYIALER. Gel § &inpple noit-te-nRduNeve ef iscbases gtha i on

ecifi : I ' w Thi Sy kS, aeh| ' nvent i onal
P conmaesdied Aot coc), Rhafifeiidlad bimen B0} BYGE nAtkig, ot or
conmmand [ysitemts basey srwalersdyet postiorsapd slebired egpdsUre dgpth, The integral of
the error d the derivative of the error.Ref position is the desired

, .a [ _ e

posi ti onCQFBFOr?‘PﬁéS%t r @9?“*@.“@9,deﬁwmlnaﬂa%mp@gtm%mp’t@m%mﬂiwnt in
tinme. |ty t rold er | 0 LT de of
oper at i otrl? ?ﬁg@?@‘%i@ﬁoﬁ?’?ﬁ&p@tﬁ? rerms?(fo?fé@ gl|t}sn %’Iaag gﬁggnc{et%%e esired
accel er adueiq theshetiat of thé inmatbr/joasl, controkerdintitatiens Fexteadg ¢oriceaokitng, ref
position i§ basgd on watf er edge position and desired exposure depth. The
cont r ol 1'9PIQsBRYOETFREIORysition to determine the output to the notor 108.
ldeally the notor would al ways be exactly at the ref position, but in
practice it deviates due to the inertia of the notor/load, controller

l'i ni t at i Bekore exaamnmand fisserttodhe nhetond 08y craah ratebtion fomid 964 chBelfor e a

censor ¢S 330RoeaLRRTPBles il A e acinn, COMPATTe: GR90-08%0- 0044 0
t1r ; gk?ﬁt@f f8 B8termird e tiferb 3 A RREUEHGH irPihel phth B 1B &urk RRicRingOS Ur €

%ead 40. If a crash is impending, the control system uses the signal to command

the motor 108 to inhibit movement in that direction to avoid damage to the

system 10.

The remaining blocks in the Figure 11 are responsible for generating the ref
position based on the commands received from the system supervisor 1‘44. The
command sequencer 158 receives high-level commands from the system
supervisor 144 py conventional serial communications such as RS-232. The
command sequencer 158 executes the high-level commands, such as find and
track wafer edge or move to home position, by switching between three basic
modes of control. The modes are tracking, move and hold, and each of these
‘generates the ref position signal in a different manner. The hold mode maintains
a constant reference position so that the position of the motor 108 is held
constant. The hold mode is typically used when the r-axis reaches its final
destination. '

The tracking mode is used when the radial mechanism 56 must maintain a fixed
distance from the edge of the wafer 12, such as when exposing the edge of the
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head 40. If a crash is inpending, the control systemuses the signal to
command the notor 108 to inhibit novenent in that direction to avoid damage

to the sygimsdbs2. The remai ning blocks in the Figure 11 aicg/wesnensi bl e
for generating the ref position based on the commands received fromthe

system supervi sor 144. The command seguencer 158 receives high-1|evel
comandsWaferm 4. idhesifaehing sigsier wgesadtata 4 podotheeGCDosansos &9i atid the

comuni cat i - sequencer 158 executes the
hi gh- | evg’ﬁémﬁ,1651}5%9@@?1@5563%&3& waf er edge or nove to hone
ositiong, by swtchin t ween ree hasi c npdes of control. The nodes are
!to r acki ngjrhﬁmplé%qr}hﬁwséﬁﬂsghﬁ'SO'?OtﬁW@% HEPRedoMaier PSRN t i on
signal ip ' i ' ' t reference
Poa 1 on e e o B B B e e ol

node i s £opstaat byeribedengibroftie CCRAXTe CELR hessortautpitrialmatieskinesasttyon. The
mai ntain a fixed

Ki i d.wh di hani sm 56,
i or anoonPRlfedreotiatidh 82 SReh A Lo R & Mepb sl ks At Remhdtation ot
t hevaf er ol @xpddifte! thaClidtads a@ﬁtethuﬁgsttw@mcb'baffbb%@ab oHolsIF eRssib&P and

the linear encoder 106 to generaté the ref position. The output of the
sensor 53hppasition ¢omping euttal the B[R buifer 1&6 sorespondsio hexrhsolitehe angl e of

00 9o il b B B A Y R R s AR e

conver si enbfka@edJrarn ené BegEpositien s ginEethke desireatpdsiliiionthd 8gdsarait of
exposure, the data is sentg thougwh the FIFO buffepr 156 as prg%}:i) ously

descri beb?aﬂ'hféom)@ﬁtqrﬁil’ﬁteééﬂd higaliutthe et prsitarre saieceal tostbiscdrsiedponds to
depth 1 < Cpas I IR B9 RE Shé 8 TnBlor 0B 83hBleshlo FEROHE Forgiing T eg
posi ti onpbsitiohhe exposure
The third mode of control is the move mode. This is used to move the radial
mechanism 56 to a desired destination. For example, when the exposure of the
wafer 12 is complete, the system supervisor 144 commands the r-axis module
146 to move away from the wafer edge to an idle position. In order to obtain a
smooth, controlied move to the final destination, the reference position is updated
over time according to a trapezoidal velocity profile block 160. This means the ref
position is changed in small increments to reach the final position, rather than
abruptly changing the ref position. A trapezoidal velocity profile has
characteristics of a constant acceleration up fo a maximum velocity, a constant
velocity during translation, and a constant deceleration to the final position. The
trapezoidal profiler block 160 in the lower-left of Figure 11 is responsible for
generating the time-varying ref-position according to the final position, velocity
and acceleration specified by the system supervisor 144.

The notch/flat detector 154 detects a notch or flat on the wafer 12 so that its
position can be determined. The r-axis module 146 uses the CCD measurements
and the coordinating pulses from the coordination module 105 to calculate the
curvature of the wafer edge. The corner of a notch or flat has a relatively large
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beam fromthe emtter 4 1. Finally, the ref position is set equal to this
desired exposure position, so the linear notor 108 is noved to the proper
exposure Wesizsomd. The third node of control is the nove mdeyseift9i s used
to nove the radial nmechanism56 to a desired destination. For exanple, when
t he exposure of the wafer 12 is conplete, the systen1supervisor 144

commands the .r-axi s, nmodul.e.146 .t o fer.ed d
bosi ¢ on CuPYatli S T8 e Al GebRioRn e RIS 4 BhtalivaR st iR g | ©
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trapezoi dal velocity profile block 160. This neans the ref position is

changed iroduigal 1146 signal to theanordination madul350i whichrawmeshatelyan
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on the wafer o th |onc rm,ned.. The r- axsm)dule
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applications require that t he exposed periphery not dip .at a notch of the

waf er 1 ,expased. Pagpdhe npichiscisiestad: raskieg (e edgn ﬁeﬁ%t‘ﬂﬂ)i GRMAINHE}YRI | t he

way to a point just before the start of the notch. At this point, tracking is suspended
and the radial mechanism 56 is held stationary while the drum 42 rotates. The r-
axis module 146 is configured to hold a constant depth as the exposure beam
passes over a notch. Once the exposure beam passes over the notch, the r-axis
module 146 resumes tracking the edge of the wafer 12 so that the remainder of
wafer 12 is exposed with a constant depth.

Some applications require small regions, called clips, to be exposed for wafer
handling purposes. There are typically three to six clips distributed around the
edge of wafer 12, at known distances from the notch or flat. The following refers
to a notch, but a flat can be treated similarly. Exposing the clips begins by
determining the location of the notch or flat. With the lamp of the exposure
source assembly 38 turned off, the drum 42 rotates in accordance with the theta-
axis module 148, while the r-axis module 146 tracks the wafer edge. When the
CCD sensor 59 passes over the noich or flat, the notch or flat position is
captured, and the drum 42 with the tracking exposure head 40 moves back to the
home position. Next, the lamp of the exposure source assembly 38 is turned on
and the drum 42 with the emitter 41 is rotated to expose up to the beginning of

the first clip. The recipe provides information o determine the start and stop
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around the wafer 1 . Since the edge of the wafer 12 is not nmapped, the
r-axi s nodul e 146 should preferably skip over the notch w thout needing to

know its Wwoc@lisofya. Wien doing clips, the notch position mpepagsedaetgs m ned
bef ore any exposure, but this is not typically done. However, since the CCD

sensor 59 preferably | eads the exposure beamfromthe emtter 4 1 by a
smal | known di stance, that is, an offset, the notch can_be detected a short

time befResition of sadkelipswih resnast iptheaeleh ardladtriariedumingeritig) (i.e., edge
detectin pocs[%?(gggtf%% &Qhé%xgeﬁg’g ol heDshBR O %o AbAataill sbdifs gt ch. At

this poin ng 1's SUS ia nism>56 I's held
st at i onawsfessdge tbhieiemine 4dicholoattion witheespedtso telhbmelpdsiiion. ddwf i gured to
hol d a constant éj%%gth as the exg}@sur beam passes gver a.notc Once the

exposur e2PRAH hepnse hedermedr datginipe 15 SERKHAP PRV GHER t r acki ng
the edgey, ﬁée%ﬁl&@%g{e H&néﬁb&sﬁﬁ‘}n the renai nder of wafer 12 is exposed with

a constan one applications require small regions, called clips, to
be exposed for wafer handling purposes. There are typl caI I y three to six

ot o or MRS ol PeRrdhghe ararLmesnaNREL o Myes e AR G £ o2t ea”
sim larl ¥ W@%epﬂ?aﬁa R dtagdEoftinURUAFJgH th8 16MGhl gTaRé LAs. Tife t he

not ch or l anp of t e exposure source assenbly 38 turned off,
the dr umeztftpe epatitiss aclipsizer @itheeinn anglecortaielengiins Thisdig eornysrtedi@ | e t he

{he not oA TBfetoriLdislgoret B Ry rafep o, hERRl e FER SR Fe™ar um 42
W th thegh @?ﬁ\d&j R1RevE s G@%é@td@m%eha@bnﬁom@wam@mepn@msms Next ,

the lanp o e exposure source assenb g is turned on and the drum 42
wi th t hemmviesttbe emittei 41 baclapatjtqmeedqm @fmﬁ@wnheéyw@rﬁﬁhefg afe MOhe first

clip. The.reci rovi des for t

st opposi F"%aBg?}ﬁBWC@F? ﬁo ?Lﬁesr%tﬂgﬁ? teﬁg%t é@éﬁ&r’]g R ﬁfe @%@r 123r ior to

turning %Qp&&j. When the exposure is completed, the exposure source is turned off and
the emitter 41 is rotated back to the home position.

Alternatively, the position of the notch can be captured and the emitter 41 can be
turned on to expose the periphery including clips immediately after and the
emitter 41 returhed to the home position and the remaining periphery with any

clips exposed up to the notch or flat.
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exposure source of the exposure source assenbly 38, the apparatus scans the
waf er edge to determ ne notch location with respect to the honme position.
The apparaigug/0&93 then use the recipe to determ ne the st aidso®r7B39si tions
of clips with respect to the home position. Wth the rotation stopped, the
radi al nmechani sm 56 noves the emtter 4 1 to the clip exposure depth and

t he rot alViat is@iaimaies t hrough the length of the clip. The recipe specifies
aclip size (either in an angle or arc length). This is converted to a
rotationdl di &tsystemfairexpbsingomateriahon arsu®8irahperigicay ycompising0 is sinply
commanded to nove this distance to expose the clip. The radial nechani sm 56

nmoves the em ahasxpbsiredemitco absémblynsoupted to @lguidecedpiingbetie where there
are no clips and the process continues until the entire periphery of the

waf er 12PPUPRSNpsed. When the exposure is conpleted, the exposure source is
turned off and the emtter 4 1 is rotated back to the hone position.
Al t er nat i vel yantasigepdrieclion forafetedtingnand peverating signalaiindicadive of lee enitter 4

1 can be_tur.n opn.. Lo expose the periphery including clips i mediately
after anﬁuﬁﬁéﬁgrﬁ%eer 4 1 returned to the hone position and the renaining

peri phery with any cl.ips exposed up to the nqotch or flat.Wat is d ained:
1. A system of t@!ﬁ*&%@f%&n%ﬂ% oﬁr@lﬂﬁﬁf&%aﬂgm%ﬁ%?,de&%?ﬁ B8fAng: an
exposure source assenbly coupled to a guide emtting at the periphery; an
edge det ect or NG EEHEMOsASSING Hhe SigNAl andpameanding el rensport iee

subst rat &, flags 2a16 LAISRON: BILHLAPHEXRASHLESRNA G5 BRRGRPI Y and the edge

detector; an aacont syst'em'processi ng e Sl gna “commandi ng t he
transport to nove so as to expose the periphery in accordance with the
si gnal s.

2. The system of claim 1, wherein the guide includes a fiber optic and/or
catadioptric assembly.

3. The system of claim 1, wheteur wie uansport includes rotating and radial

mechanisms for moving the guide over the substrate.

4. The system of claim 1, wherein the transport includes a tracking exposure
head supporting the guide and the edge detector.

| 5. The system of claim 3, further comprising guidance and stopping
mechanisms for the rotating and the radial mechanisms.

6. The system of claim 4, wherein the rotating mechanism supports the radial
mechanism, which supports the tracking exposure head.
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2. The systemof claim1l, wherein the guide includes a fiber optic and/or
catadioptric assenbly. 3. The systemof claiml1l, wh i nsport includes

rotating @wchaysaghal nechani snms for noving the guide over tprasdehgtszate. 4.
The system of claim 1, wherein the transport includes a tracking exposure

head supgorti ng t he guide and the edge detector. 5. The systemof claim 3,
further éonpr B¢ SYsigin ahalasm dnwhereipphe sotatiog arechagisrois aideumdtoatsingg and

t he radi i ) f im4, rei,n the.rotating
mechani sﬂesét}g%@% Elésﬁﬁﬁes “?’88@\% tﬁéi%@%] &%cﬁéﬁjﬁsa]sg%%pg g h@&f'?%cki ng
exposur eekeeiird he@iichaiding ene etigsldetetidr, andefeeguide RljdcmthdsubReani smis a
drum housi ng the substrate and supporting the radi al‘ mechani sm supporti ng

t he tracki ng exposure head hol ding the edge detector and the gui de adjacent
the substrate. 8. A system for exposing the periphery of a substrate,

oui ng: 05 sunSPRRY S oA B SRR 61 2 3Ub e BB e YL e

housi ng: a substrate on ranspo edge detector

and an em'ttecri;Chanq)lg&%u%még%iﬁgpé%g?géﬁf ure source to the emtter; and a

control systemTrecelVving si e of the substrate edge fromthe
detector and directing the transport along the periphery of the substrate
in accordancea\ﬁr?cl\*?stsﬁg‘aéﬁt@%@ ‘bngg's. 9. The system of claim8, wherein the
control chamber houses a nain control féstem and the exposure source
chanber includes aft SURAHRIEOR PAURPRMNBIZi ng t he exposure source. 10. The

systemof claim9, further conprising a duct renoving heat generated
a transport with an edge detector and an emitter;

a guide coupling the exposure source to the emitter; and

a control system receiving signals indicative of the substrate edge from
the detector and directing the transport along the periphery of the substrate in
accordance with the edge signals.

9. The system of claim 8, wherein the control chamber houses a main control
system and the exposure source chamber includes an inner enclosure housing
‘the exposure source. |

10.  The system of claim 9, further comprising a duct removing heat generated
by the exposure source assembly and the main control system.

11.  The system of claim 8, wherein the transport includes a mechanism for
rotating the emitter along the periphery, a mechanism for radial movement of the
emitter over the substrate, and a tracking exposure head supporting the emitter
and the edge detector.
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by the exposure source assenbly and the main control system 11. The system
of claim8, wherein the transport includes a nmechanismfor rotating the

emtter alwe@sbhe periphery, a mechanismfor radial novemggir@oiligoem tter
over the substrate, and a tracking exposure head supporting the emtter and

the edge detector.12. The systemof claim11l, wherein the rotating and the

radi al nmeghani_sns ve t emtter and.the edge detector subject to

gui dance ¢nd sfnﬁ)ﬁﬁ@”}@@ﬁﬁ'ﬁ'? %E‘m‘{VE%@".‘“ Hiferad _ ﬁp(g%hpﬂ '%'R?L‘l,;h%%rpﬁi n the
rotating mBehatE SMiBeRRNY frie édife AaELR)r sUBRIGRTY §iidanbe ARdieRmg s the
tracki ng exposure head. 14. The system of claim 11, wherein the rotating

mechani snineehanigmgm whi ch supports the radial mechani sm which supports

t he tracki ng exposure head hol ding the edge detector and the emtter

adj acent the substrate. 15. A nethod of exposing radiation sensitive
material on the periphery of a substrate, conprising: placing the substrate

on a stati{®narpyhégpsient of eI N@heRsn iRd Rithtmg AechbAispesuPpiRtythey movi ng
an exposi ng beam al ong the peri pheé%@of the stationary substrate; detecting

t he subst iegiad meRNANIS, WIS BtiPedgs dbe fraskipaaxposyraebRdthg a detect or al ong
t he periphery of the stationary substrate; and controlling the depth of
exposure according to the edge signals. 16. The nethod of claim 15, further
conprising storing of the edge signals in nmenory in a sequence and readi ng
t he edge $4.gnalise ispsteheofelgineridewhéikin T rotetihg chewhaacisam ia 4 Srurhuwhichr

conprising isolating the substrate,, the s rt, the detector nd the
en‘irr}t)t: nlg g@?’}%ﬁ%ﬁ%@‘%ﬂﬁ%@ﬂ@@o‘ﬁ‘?‘eg.Sfﬁpgggg"%?ﬁﬁag@P‘PB?‘é’f’rﬁ . wherein
the Substﬁgggagt’ﬁeﬁeﬁ@@éteoﬁ?%nﬂ%ﬁg@wﬂ@r éﬁgééxt»t'ﬂﬁ@ diBtRAaical 1s photoresist,

and the wa 'S stationary during t st eps

15. A method of exposing radiation sensitive material on the periphery of a

substrate, comprising:
placing the substrate on a stationary support;

exposing the material on the periphery by moving an exposing beam
along the periphery of the stationary substrate;

detecting the substrate edge and generating edge signals by moving a
detector along the periphery of the stationary substrate; and

controlling the depth of exposure according to the edge signals.

16. The method of claim 15, further comprising storing of the edge signals in
memory in a sequence and reading the edge signals in the sequence.

17.  The method of claim 15, further comprising isolating the substrate, the
support, the detector, and the emitting end from the exposure source.
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of detecting the edge and exposing the photoresist on the periphery. 19.
The nmethod of claim8, wherein the detector and exposure source rotate
about thewwf@o1@and nove in the radial direction when necqggarsoilitszexposure
t he periphery of the wafer. 20. A nethod of controlling exposure of a wafer

peri pher which relies upon storing data in a conputer that represents
vari ous %ﬁ?pesﬁ‘? W@Mrﬁfc‘g@'%ﬁe%wm Juhstigie ig @ wafel thw tasiiatipn using a
conput er sBhEIGSS Hdtefia i§ i iSxpesyLe. beam
with respect to a %f e'r %Jrhg) errééﬁ%té‘{?‘%rtg?%fﬁg'sﬁéét%%@”%’ g@?'ﬁﬁﬁensgé?%e edge
of the wéf éeteciingdie atga@ndrexpasing ths photenesist on thé pafighbgs position;
storing in a nenory the edge and correspondi ng angul ar position; and
reading fromnmenory the edge and angul ar positions to adjust the beam
exposi ng the periphery of the wafer. 2 . A system of exposing material on
the perifBery Tol rBetidsdl Gith 1800REleR M d&B y
coupled to a catadioptric assenbly v?ﬂ an e%%;ft%@?%d{lﬁroggﬁ%@rgéag@ ion at

t he peri pRertheavaier astdanoyein thegatiahdiretiorswhen meEcessatgdo @Rﬁoﬂﬁ@_&h@tl ng

si gnal s .ndi i he location; a transport for noving the emtter

al ong th?ggéﬁi@'ﬁh"ﬁ??f"vfﬁﬁﬁa control system wherein the edge detector sends
signals to the control system which processes the signals and controls the
transport noving the emtter to expose the periphery.

20. A method of controlling exposure of a wafer periphery, which relies upon
storing data in a computer that represents various types of mechanicat
movements of the emitter, comprising:
| using a computer processor to calculate the angular position of an

exposure beam with respect to a wafer reference;

rotating a sensor to determine the edge of the wafer;

calculating the edge as a function of angular position;

storing in a memory the edge and corresponding angular position; and

reading from memory the edge and angular positions to adjust the beam
exposing the periphery of the wafer.

21. A system of exposing material on the periphery of a substrate, comprising:
an exposure source assembly coupled to a catadioptric assembly with an
emitter directing radiation at the periphery;

a detector for locating the substrate edge and generating signals indicative
of the location;

a transport for moving the emitter along the periphery; and

a control systemn, wherein the edge detector sends signals to the control
system, which processes the signals and controls the transport moving the
~emitter to expose the periphery.
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