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operates synchronously under control of a computer system 40 that, among
20  other tasks, outputs a track system clock signai (TRACK CLOCK). By
synchronously it is meant that wafers are moved in the track system 20

responsive to the track clock signal.

The wafers under production are made available for input to the scanner

25  system 30 responsive to the track clock signal. However scanner system 30
receives the wafers and outputs scanner system-completed wafers
responsive to its internal scanner system clock (SCANNER CLOCK).
Understandably much attention is given in the prior art to trying to synchronize
the track clock and the scanner clock to reduce dead-time in moving and

30 processing wafers through the overall fabrication system. But to achieve

good synchronization between the track clock and the scanner clock, the
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practice, exposure procedures within the scanner
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computer system 40, the wafer under process is then sent out of the thus-
described portion of track system 20 and is available for input to the
stepper/scanner system 30. Stepper/scanner system 30 will accept the wafer

25 in question responsive to a signal from the scanner clock. Within system 30
various lithographic techniques may be carried out upon the wafer in question.
At module or step 90, the wafer is subjected to a post-exposure bake (PEB),
using a PEB bake plate, and then to a chill plate 100, that returns the wafer to
a stabilized ambient room temperature. A developer module stage 110

30 typically follows, during which the latent lithographic image that was formed

within the stepper/scanner module 30 is developed in the polymer film on the
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25 By way of example, assume that responsive to timing of the track clock signal
chill plate 80 is ready to send wafers into the stepper/scanner system 30
sooner than the stepper/scanner clock allows system 30 to be ready. When it
is known that stepper/scanner system 30 is ready to receive wafers, the
robotic arm 140 can load wafers into system 30, taking them if necessary from

30 abuffer 150.



sooner than the stepper/scanner clock allows system 30
to be ready. When it is known that stepper/scanner

woeysi4mi®s is ready to receive wafers, the roBoTiUS2@a1007732

140 can |l oad wafers into system 30, taking themif
necessary from 30 a buffer 150. WO 2004/081995 _
PCUdd@?Q@ﬁH@BK/Minglth?ﬂﬁﬁo% xR R Bt RAY g ah /0P bR¥EASto try to

extra robotic arns and/or buffers to try to inprove

t hémBIRVsUEheteutPHigtiping: efateackssysterm 2MDisi rdtrant optimopt $atution to the

sol ut i . m.of enabling a better timn
eSO B SRl gth RRLE Rl SRR P errivsfam A iapd system 30
ti mheeorbhibet meidohfiietsyahereykierhetoBeydBdMoa8Ies competing for
conpeting for 5 access to a given nodule, and it can

5 he aRERES Knp Witad Mogules angricean bawmecrasatyitagnbiet fmeentime

fers, s 0 20, ived intq.
oy SN EE Do orla IS 8N or R TSE: vl S6TgcRriE] mto
t r agktesy 30ean@ therBubferrexitingl $@tdfIepscikl Po &RGK @Y stem 20. But
addi tional robotic type nmechanisns 140 to try to

smo&RYidiBgtbuipse deransipr adglitionsl rabefi fyeranecbanisasd! 40 to try to
S8 ek 5 88, 195 Bt 3 M Yoor space

10 sobithirthe tabhehpivily aceedl vedues aafeeheugHpwEt s Wit hin

track system 20 is described in U S. patent no.
6,418,356 (July 2002) to H Ch, inventor herein. In

t heyn, . fil i G b s
D3RPt Sluiof A s FAIRRS BB g v
seléds idestybedlih UK. patent nd.i61@18,356qdulyez0d2)ad H. @ inventor
tolerate such wait states_w thout substantially .
deb?éﬁjﬂnéﬂ e v??%é?atem, &antictsoier trangpodatien mrecuiress (&g robotic

151 AT PRRL S BB o5 st

20

25

30

g r aak t_elyesate][aucbsmit s’@tcﬁowﬂhbm &@mﬂﬁlym@hqﬁag,odn-wafer
eviations from nomnal tining in the associated
scQm@c?@ysf?é%’f%aﬁé%ﬁtﬁgdwﬂb%&aﬁvsteﬂh%% Applisaniipserperates
PERbRSIABGRferdias U.S paRieHo! 6,438MRg10d of

conpensating for such scanner ‘system’timi ng deviations
such that the timng match between the ready to send
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| i hBRARARIPIRGTH ThE BbsSciatdR! HaRhBPdystem can degrade overall
fabrication system performance. What is needed is a method of
compensating for such scanner system timing deviations such that the timing
match between the ready to send (R2S) state of the track system and the
ready to receive (R2R) state of the stepper/scanner lithographic system is
maintained.

The present invention provides such compensation for time deviations in a

scanner system.

SUMMARY OF THE PRESENT INVENTION
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Other features and advantages of the invention will appear from the following
description in which the preferred embodiments have been set forth in detail,

in conjunction with their accompanying drawings.

20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing exemplary modules or processes in a two-
clock semiconductor wafer production system operating without scanner
system timing compensation, according to the prior art;
25

FIG. 2 is a block diagram showing exemplary modules or processes in a
semiconductor wafer production system with scanner system timing
compensation, according to the present invention:
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System 200 preferably operates under control of computer system 210 whose
computer readable memory stores (or can be loaded with) software 220 that
when executed by the computer CPU implements the above system

25 operation. Computer system 210 can readily compare actual scanner system
30' clock timing against a nominal clock timing to detect deviations in
periodicity from nominal. When such timing deviations are detected, software
210 upon CPU execution causes the insertion into track system 20' of
appropriate time “delays” (as contrasted with the insertion of ‘356 patent pre-

30 planned "waits”, which are introduced into the wafer production recipe even

before system 200 is turned-on). As described herein, such inserted “delays”
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1 Process Robot Assi gnmsnt Transport Process Pl anned
+0OH Ti e [

St q’%bllzé ?lf)e%/w wNﬁ) now ee-sl_cl:r ed with referex\gé to the present invention.
In Table 1, rows 11-15 (shown with shading) denote process steps associated
with scanner system 30'; the remaining process steps are associated with
track system 20'. Nominally a period of 40.0 seconds is assumed for the
wafer recipe given in Table 1, e.g., in the nominal case a new wafer enters the

system for processing every 40 seconds.

TABLE 1

Process Robot Assignment [Transport |Process [Planned
Step Pick By: Move Type| Time +0OH Time (Wait

LPx LPR Sngl 7.0 0.00 0.00
CP1x CTR Sngl 7.0 24.00 20.00
BARCx CTR Swap 5.5 44.00 33.50
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0.00 0.00

Referring to Table 1, the first column denotes process steps, and the fifth
column denotes the process and overhead (OH) time corresponding to the
process step. By way of example, in a chill plate operation (e.g., CP1x), the
overhead time refers to the time necessary to open and close the chill plate
chamber module, whereas the process time represents the actual duration of
a timed-chill within the closed chill plate chamber.

Thus in Table 1, the first column represents modules for the process steps,
where LPx denotes load port, CP1x, CP2x, CP3x denote chill plates (e.g.,
perhaps chill plates 50, 80, 100 in Fig. 2), BARCx denotes bottom anti-
reflection coating module (e.g., a step carried out by spin coater module 60),
HP1x, HP2x, HP3x, HP4x denote hot or bake plates (e.g., bake plates 70, 90
120 in Fig. 2), CTx denotes a coater module (e.g., module 60 in Fig. 2),

OEBRX denotes removal of the bead formed on the outer edge of a wafer.
IN-PED and QUT-PED denote input and output pedestals within scanner

system 30', ALIGN denotes wafer alignment within scanner system 30",



a timed-chill within the closed chill plate chanber.
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to scanner system 3 are shown wth Egroun
shadbeig(eagdl %23%01 H@ &), ChR dMBamgtarmboto(fe glaCIR-230 in
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novenents. LPR denotes | o ort robot (e.g.,
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15S| ﬁ@p@nw@m mogdulegesfore telpeating tnea‘trshwaferrto\ﬂee aecond
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nod@de2 seepnd Watsr frReneetondamodlen amddhen ieeitbe first arm to

e SRRyl W e RIS B0
20 seenovbmehiterarbpreiereteosiAglenfglémenty] t hen use the
first armto position the first wafer in the second

nodul e. Where feasible, swap
For example, looking left-to-right at row 1 in Table 1, in a load port process

step, a wafer is picked-up by an LPR robotic mechanism (e.g., LPR-230) from
the load port LPx and is placed at a following process module, chill plate

25  CP1x (perhaps module 50 in Fig. 2). Transport time associated with picking-
up and placing as shown in column 4 is 7.0 seconds. At row 2, a chill plate
process step occurs for which the sum of process and overhead time is 24.0
seconds.

30 Inthe last column of row 2, a 20 second pre-planned wait time is added to the

wafer process and overhead time, as described in U.S. patent no. 6,418,356.



20 novenents are preferred to single novenents. For
exanple, looking left-to-right at row 1 in Table 1, in

wea b@adipert process step, a wafer is picked- rgThg2@0a/007732
LPR robotic nechanism (e.g.10 LPR-230) from the | oad
port LPx and is placed at a foll ow ng process nodul e,
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detyem it ofneistdnedudtion Histeal 200 foesdiremsans gssdéviatens from
before wafer production system 200 is even turned on.
Théwanigakpeniemigihnaibia 3@nNReRSYEEM PEaPcerrdindetiosthgqagsent

as ; ibed in the '356 patent to hel p resol ve
reé%g%{ M5 conflicts within track system 20'. These

ifQprior art "waits" are to be distinguished from
“del ays" that are added, as needed, during actua

I

opftarithn expiraier T RieoResessrP\ayieadand Prerappag dvaiklime at

f oro AEX AR, £BA9) 2 ROIBIRANCBRENRH ETRIZHY e 7.0 seconds to .

scanner - system , according to the present

| Nteispont théQuatet & tHeheextxpocess steppharmiely BARGSIs,row 3 of

over head and preplanned wait tinme at process nodul e

xP1bable Tk obot i ¢ nechani sm CTR-230 takes 7.0 seconds to
4gtransport the wafer to the next process step, nanely

BARCx in row 3 of Table 1. 15 In row 3, a process and

ovenhead ta proebs 4hdbverhead tine ofstl0 fsecone iused ffr removal of

the bead fromthe wafer ci&um‘eren es,

] with a .
pr dhpIbaFRdEPMANe VETeRaraIMiieniRes Y heelanaesova Ag33.5
0 dBndd2ppRALEA acddrding tB&RE ‘I8 baRnt(tGE sE¥Rhat a wafer swap
robotic movement occurs in which 5.5 second transport time is used to move

20 the wafer to the next process step, namely baking the wafer at hot plate HP1x

in row 4 of Table 1.

Jumping down to shaded-rows 11-15, which involve process steps and robotic
movements inside scanner system 30', an IN-PED step involves robotic

25  mechanism SIR-230 placing a wafer on an input pedestal (IN-PED), the wafer
having thus entered scanner system 30'. As indicated in Table 1, a
wafer-handling robot (e.g, WHR-240) is then used to transport the wafer to the
aligner stage (ALIGN), see exemplary system 200 shown in Fig. 2, and Table
1, row 12. Transport time is 12.5 seconds with 1.0 second process plus

30 overhead time. Zero planned wait is required. At row 12 in Table 1, the

wafer now undergoes an alignment step that involves 19.30 seconds process
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Un@*@b@man@hoﬁim ARIiEn&d QRafeNidtrotN¥@ oy esovkdl i3 position to
seconds pr ocess 004/ 081995 PCT/ US2004/ 007732 11
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i neeceBds Walply rotating the DI R-240 robot. Mvenent
is such that one armof the DIR-240 robotic unit
hol di ng an aligned wafer is rotated or noved into
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free to nove another wafer jnto the pre- alé&nrrent
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exposure p over hea Zero secon

| n Ttahde neitie lastvraf dirabled td, sdaheeEsteA030" qimfslety the SIR 230
mechani sm di scharges the wafer from the exposur
st 48BotiF fMachasisam Risks 4he waterier ayestion fipra é%ﬁa%p@mqﬁal (OUT-
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roboti ¢ nmechani sm?l cks the wafer in lguestl on fromthe
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30'sysHPh B0TBRE YYntdRRRRKQREIRI20Y as indicated in exemplary Fig. 2, for

example beginning with a post-exposure bake step 90 (denoted as HP-3x in
row 16 of Table 1).

Referring to Table 1, row 16, the wafer at hot plate HP3x undergoes 94.0
seconds of process plus overhead time in baking. DVR robotic mechanism
230 then picks and transports the wafer to chill plate CP3x in 7 seconds. The
wafer then undergoes a chill plate process step, perhaps chill plate 100 in Fig.
2, denoted CP3x in Table 1. After 64.0 seconds of chill time plus overhead
time, robotic mechanism DVR-230 requires 5.5 seconds to transport the wafer

to the developer module (see Table 1, row 18).
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i nvol ving an 89.0 second process plus overhead tine.
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resource, these i ts bei denot ed ,as " planned. wai t s
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SUCIL RIS R cBIng UMY SfuatBLik® fiMhtSols AT 8A and 3B denote.
Further, various exemplary regions of Figs. 3A and 3B are explicitly called out
with identifying indicia at the top portions of Figs. 3A and 3B.

Fig. 4, comprising Figs. 4A-4F, is a spreadsheet showing the fabrication
recipe for the twenty-five wafers in question. Figs. 3A and 3B graphically
depict the data calculated and enumerated in detail in Figs. 4A-4F. As
described herein, the various “wait” times shown in Figs. 4A-4F and depicted
in Figs. 3A and 3B as white rectangles are wait times as described in the 356
patent, and are planned “waits” that are added to non-critical module stages

to reduce problems associated with resource conflicts. By contrast, the
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"del ays", a?cord' nlg to the present invention, The

i n§é’F¥i"Y.ﬁ‘1‘eb orfg[}bﬁ PPEPESEY- advant ageousl y hel ps to

pronote a better timng nmatch between when track

system 20" is ready to send a wafer into scanner
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scanner

Gy eshigt [efus augtragfhecin wathivater ay Wit Rheraurth wafer from

2, S5 B, S8 el BYERE By oML, 514 wo s

pr teatssafieg 4 is completing its 49.0 second time in the CTx (coater module),
some of the 49.0 seconds being to the left of Fig. 3A, e.g., not shown. The
associated data appears in Fig. 4B, fourth row from top (e.g., data for wafer
4), column 26, CTx. Immediately after the CTX station, there is a 28.5 wait
time, shown in Fig. 3A as a white bar commencing at about time 640 seconds,
and denoted wait 6 in Fig. 4C, column 27, fourth row. Note in Fig. 4C, no
insertion delay (as opposed to a “wait”) is required, according to the present
invention. Still looking at wafer 4 in Fig. 3A, after 28.5 seconds of wait time

has expired (at approximately 670 seconds along the time axis), the CTR-230
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As shown in Fig. 4C, row 4, column 37, no "delay" is inserted at this time, e.g.,
delay 9-10 is zero seconds. At about time 860 an OEBRX process step is
carried out for 34.0 seconds, per Fig. 4C, row 4, column 38. In Fig. 3A, as
shown by the small white rectangle, a wait of 5.0 seconds (wait 9 in Fig. 4C,
row 4, column 39) follows. Immediately following is an inserted "delay" of
1.54 seconds, according to the present invention, denoted delay 11 in Fig. 4D,
row 4, column 40. This delay is inserted at about time 895 in Fig. 3A. Next

follows a robotic movement of wafer 4 with SIR 240 that occupies 8.0 seconds



per the present invention is required, e.g., delay 8
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processing within scanner system30'. In Fig. 3A
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£ 885806hs)! ' R%Fig. 3A, exposure does not start until about time 975 seconds,
and lasts for 33.5 seconds (see EXPOSE, Fig. 4D, row 4, column 50),
exposure shown as a solid rectangle that extends to about time 1008
seconds. No wait state is permitted after exposure (wait 12 is zero seconds in

Fig. 4D, row 4, column 51).

Over a transport time of 6.5 seconds (see Table 1 and Fig. 4D, row 4, column
52), robotic unit DIR-240 moves wafer 4 to the discharge station (DISCHRG in

Fig. 4E, row 4, column 53) for 1.0 second. No wait state is inserted (e.g., wait



(see Table 1 and Fig. 4D, row 4, colum 48). At about

time 970 there is a 20 delay of 2.98 seconds (Fig. 4D,
woaw4bg1oel um 40). This is the delay in start PCOuSei04/007732

the exposure step, and it i® this deviation or del ay

in nom nal exposure starting tinme that the present

| PV ESES 2o UM UL e (BIPE LRI MG ) RO 1015,

975rom¢lom WHR@4Danbsed wafcid véias 0 dssderRl tFamPef time
row 4, columm 50), 25 exposure shown as a

soI chéh?%étamg’f@ fHrafow éﬁkﬂl@ft 55)a e @UifePEDOSation in scanner
secandsm 3. \p‘%rtF@t@éer LS4 p(fdl 5%213%{%?5&/ ?é%& (ﬁﬁeconds at

(walt 1? i's zero Seconds im

5%1) thisOvtation, am@mwmntmbvm bgafrotﬁoiﬁ: SGiE SR 30se#n 3kl 2 skcond
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10t r amigPEt rdl BB coluf@bEe 1 and Fig. 4E, row 4, colum
55) ?o t he QJTC%ED stbgtl on i n scanner system 30" . Per

Fig. 4E, row 4, colum 56, wafer 4 spends 1.0 seconds
at IS _station I §,.then ved robotic unit

5 e300l kaph ety Bt e hedingond ¥thﬁ%9|?csq¢@nin_g from just
IOI &Seﬁol‘écﬁ%e ﬁ)cﬂ) thr&%ﬁﬁ aSé@HﬁHé%%@k@/ag‘iﬁ gxtg%rﬁ%??lg taﬂ'hot plate

2. Note fromF row 4, col unmhs
no MRBxX an %an@onds sk dgblei hend Fig.nHg . edd (@Il.qrnn 60). No wait

d d del a
155 P feenio Sewoiuhalinistas Hg AE.irew 4, column
r ef618§ﬁéw|s WéltTﬁQ;Lse%%rg s%ré‘élngé)gl\gﬁa@er Af'Ef m’{rﬂé‘ﬂi%t?lg%'i&% up by
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The white rectangle in Fig. 3B extending to about time 1215 seconds
represents an inserted wait of 13.5 seconds (wait 16, Fig. 4E, row 4, column

25 64). Next follows an inserted delay of 5.03 seconds, according to the present
invention, denoted delay 19 in Fig. 4E, row 4, column 65, and depicted as a
dark rectangle in Fig. 3B, ending at about time 1220.

As suggested by Fig. 2, wafer 4 is next conveyed by robatic unit DVR-230
30  (with its 5.5 second transport time) to developer module 110 (or equivalent),

for an 89.0 second development (see Table 1 and Fig. 4F, row 4, calumn 67).



plate CP3x, e.g., nodule 100 in Fig. 2, for 64 seconds
(see Table 1 and Fig. 4E, row 4, colum 63). This 64

woeecsowdiosaf er 4 cooling step commences in 20 FpgT/u3200a007732

about tinme 1140 and extendst7off Fig. 3A to be
termnated at the left edge of Fig. 3B, just after

L TR e B8 € SR B o rectancie
i nextarmhhgvémm aboaﬁhrﬁeSI@QOrtd%bbWﬁtlmelﬁfm@s@coﬁ’d‘s L &¥King at Fig.
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onve by robotic unit_DVR-230 30 (with its
5 5 ablic b ety 'snéﬁoqué.ﬁ@mw%wf@rp@s GRSt i il plate.
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1o Looking at Fig. 4F, row 4, colums 68 and 69, wafer 4

20
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30

i's subjected to a 30.0 second wait (wait 17) and a
6. YWafendds nedridglthg codulletjor2df) proeéssingbdtard-ig. 4F, row 4, columns

BB { Pl Uideiaoss oV 0 SEcaRdatiaT thfaloped by a
ang 49 §ecdH'_d m"s@Weé dé?? {thfﬁi) I‘Pﬁflgr 48, H8| r?gﬁﬁin%tes shortly

to a.chill nmodul e 50 {or —équi
F| pefare time 1900 sesoodsIsV‘(afab#es therntﬁaﬁs;g)rtthby rmhmlo4un|t LPR-
ene

5 SO AL 0  B m n y BEAS 20. tr
r eﬁ'l@@ﬁéﬁj puShédeuvef ﬁécl( ?}@t@ﬁl il?'sﬂ%hﬂ%‘?éﬁé% e 14OU)in Fig. 38.

fer 4 |s nearing the conpletion processi ng.
F|g 4F, row 4, colums 72 and 73, wafer 4 undergoes
a &1 0_second, vai
se

it eRAGURs I ek icrsr o ) FER BAGdes. 5 sgersthat at
t eéPEﬂﬁdirﬁété? @R/bhmo beé‘éabﬁdé lorB oF4R8 tﬁ@ﬁf}ﬁ‘ﬁ%sw%@ "t% e

en transported by robotic unit LPR
sepmssedmwsrthemysyem flowo s potad inRolwhnt2 m:ﬂitg 4A, scanner

oy BrErRSatay ot p pomkifel A U305 5Bl otk aeriod can vary from

a nominal about 0 seconds to about 4.14 seconds. When computer system
210 detects such deviations from nominal scanner system time, an
appropriate time delay is inserted into the system flow, as exemplified by Figs.
4A-4F.

It is the combination of pre-planned "wait states", as disclosed in the '356

patent, plus dynamically inserted "delays", according to the present invention,
that promotes the desired synchronous wafer flow throughout scanner system
30" and frack system 20', notwithstanding deviations in clock periodicity within

scanner system 30'. For example, at about time 1217 seconds, dynamically



If we exam ne the other wafers shown in Figs. 3A and

3B, it is seen that at approxinmately every 40.0
woeesowdsIone of the twenty-five wafers to be 28CT/US2004/007732

processed enters the systemsf|low. As noted in colum 2

in Fig. 4A, scanner tine deviation froma nom nal

40.ifsstingribl S dle BbesiieREsi WEfPSA AT ¥ (#frgan fow 1, column 69
nom nal about” 0 seconds to about 4.14 seconds. Wen

corfist Bl9. dirs rewn4, moturgre 661 e8aklgs Hollelic knit BNER2361t execute pick

o P piaBEARAE o BT, 8 TP e PO eEs it anssver
by rdfisn. 25 4A-4F. It is the conbination of

pre-planned "wait states”, as disclosed in the '356
patent, plus dynamcally inserted "del ays", according

t ' 1] t h ired..

o BP0 o 8o B! B30k 050 s fhon.
30'comfiitts irathHe syplests 2P pickrridiblabs hynwafess deyi atd PRvould exist.
in clock periodicity within scanner system 30'. For

ex a‘?rﬂﬂ?‘bﬁ?o'g‘{w@%@#'dﬂ@%tqt@ﬁb%%@6ﬁmhra9ﬁahm af wpfesdlow across

Cnel i e srtAingPd/sten I, RGRNIREERS! Sartp
1069 veatichlllyi long Earioosvtithe inslantss 65)s sxabires resdioté eonflicts are

unit DVR-230 to ex?cut_e pi.ck and {)| acenent of wafers
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Such.confljcts woul, ead to the ss. of .

Sy NG ANS iRl {eannigues sush g5 taRsp dEciaseddn USspaianto.
15an¢ g¢4nBET system 30" . Exami ning Figs. 3A and 3B 10

vertically along various tine instances, it is seen

that resource conflicts are avoided as a result of

the jnserted wait states and ti, del ays, ]

ot MINORSN e S RIRDL Wsle Gleseribed Asaumesdes A deepng period,

Det, gt ki ' f | i i J )

o oiieh Retd oy BlproBlcton &1 AP wafehe e81 thifldic, il be apprsciated that

us iawﬁgstmathmdgmjut{can fatsagbe implecierded} foo exadipe hbleadt i1 80 wafers

20 Y. Sﬁer%%ﬁ et, and prle?erglbﬁ'/l18 603 v5vgfers per minute.

Modifications and variations may be made to the disclosed embodiments
without departing from the subject and spirit of the invention as defined by the
following claims.

25

30



Al t hough the exenplary system descri bed assuned a 40
second period, which is to say a production of 90

woabewmsiger mnute, it will be appreciated thaPCTAS2004/007732
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faster throughput can al so e inplenented, for exanple
at least 130 wafers 20 per mnute, and preferably 160

mmmmwbdi fications and variations may be
ed enbodi nents w thout departing
fromthe subject and spirit of the invention as

defined by the following clains. 25 30 WO
2004/ 08119062 pemicmE BP0 s Sabricatiprsy stesn thal inelpdes:at least a

A S Rhe R her Ystrn, B bRl o GobErRalhE e fabricaion
SWSERI fdr d8lARshPfrofONRARNEAEEAESME sfahrd st perbdidity, the

syStem for deviations from nom nal scanner system
ciragihogerdrapiising yhe follevirg BisPSconpri si ng the fol | ow ng

2 o ande) PRI W b SRR SIS S SRR gt @
sacdnheas¥stenbtieaks esponsive to a signal froma track
10 system cl ock; (c) pre-determ ning and inserting

wai t - st(R) eperaiingesaia drack sysisira resnansiva to 2 signakye(i @ &gck
in i em.conduct or wafer fabrication system and
(& Bl ahihs

ing deviation fromnomnal timng in said

scanner(c§ besgetsithinidynamd insbhing waiestdtag as ineeddd itaver conflict
needed i n said sem conductor wafer 15 fabrication
s\fet epausces ifpeaid seanieendugienwatarifaprieationsysiers: 484 nod

f clai ) [ ' , , '
Cepet | t o HerPEh SR br a8 im e Bl B £3i6 Sclhhck flock and
haynanficamg meettidgptimealalay aemeedad e said serhieonductor wafer

fabrication system 20 3. The nmethod of claim 1,
wfebdcatiemsystepnimeameeniate Joresughdeviption.a

2. The method of claim 1, wherein said scanner clock operates with a
repetition rate equivalent to at least 90 wafers per hour throughput for said
semiconductor wafer fabrication system.

3. The method of claim 1, wherein said scanner clock operates with a
repetition rate equivalent to at least 160 wafers per hour throughput for said

semiconductor wafer fabrication system.

4. The method of claim 1, wherein location and length of each said
time wait at step (c) is determined by a computer system controlling, at least

in part, said semiconductor wafer fabrication system.

5. The method of claim 1, wherein said semiconductor wafer

fabrication system includes at least two robotic stations.



repetition rate equivalent to at |east 160 wafers per

hour throughput for said sem conductor wafer
woOabgosavson system 25 4. The net hod of cl ai mp&T/US2004/007732

wherein | ocation and | engt teoof each said tinme wait at

step (c) is determ ned by a conputer system

control Li at .| eas in_ part, said, sem conductor

water 1 Zor e fIERoCotelalit 5 Mrskerma samurordsion wafer

WhEIHRicatSAH s BRI RAMBLC A 0B a¥eiese rAbtialibiGad i on

systemincl udes at |east two robotic stations. WO

2004/ 08799BnePaRtiUSP 00dATO 77 83hergid sid Thmicmtduatbrofafer

| ai . wh in.sai ' t fer. fabricati
oy Rt SRR AR i S Slans one. 7. "
5 The nmet hod of claim 1, wherein said sem conductor

waf er fabrication Sést emincludes at |east four
r obot i c 8stde meshodoBelamnd, mibeheid &P ¢t)ledmi tiepvide Bed narried out

st nd s d) are carried out by a computer
sygyé(né;&’g;su%ﬁé&%rﬁo)d of claim1, wherei % sai dn{)r ack

system operates 10 responsive to a signal fromsaid
track systemclock, and said scanner system operates
r espons Pvel heomethogabelaimn dmadeireinseia track sy steemopeatés

10 j t fer fabri ' t :

10 5 ool 0 Sl PR el SRt P apfineic seanpeg system
Si gpétatés AR ForReRNMeE sighll FYST S4TH Gleapker sydte@chos/ St em
operating responsive to a signal froma track system

cl ock; nmeans for noving at | east one wafer within said

sen conquct,or ri i,O ste 20 nmeans for

i nserti ﬂg p{?ée@%ﬁ@é’&{%ﬁgf r@?%ﬂ Sgar?ecﬂn's‘?%ﬁ)%s-'egzock
seni congduiapnenafstent absrating irespsnsive s é%ig{rféﬂ%% a scanner
conflict for resources in Said sem conductor wafer

15 1 aystem ¢elopksyst em and means for dynanical |y
I nserti Qgcréd@sqgﬂnaé’pe?gtir{beFeds%%n'sf\‘/est%'éjsignal from a track system

clock;
means for moving at least one wafer within said semiconductor wafer
fabrication system;

20 means for inserting pre-planned wait states in said single-clock
semiconductor wafer fabrication system to reduce conflict for resources in
said semiconductor wafer fabrication system; and

means for dynamically inserting time delay as needed in said
semiconductor wafer fabrication system to compensate for disturbance in

25 periodicity of said scanner clock.

11. The semiconductor wafer fabrication system of claim 10, wherein
said scanner clock operates with a repetition rate equivalent to at least 90
wafers per hour throughput for said semiconductor wafer fabrication system.
30



sem conductor wafer fabrication systemto conpensate
for disturbance in 25 periodicity of said scanner

woloetos19bi. The sem conductor wafer fabricati ORCEHSR@®AN007732
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of claim 10, wherein said 2dcanner clock operates with
a repetition rate equivalent to at |l east 90 wafers

er hour throughput for said_sem conductor wafer
Pabri cat?%'n%g‘?g‘?%WFon%tWQ&ﬁ%gi@tg@ system of claim 10, wherein
PCI{i5289Ah80A88R opératdd withhg réﬁe{}}’gi‘éﬂq’g%&:égﬁiy Hefo at least 160
fabrication system of claim10, erein ai d scanner
cl orafespeeahesr thiroughputdpesaidi semicateuequivadreabritatiat system.
| east 160 wafers per hour throughput for said
sem conductor wafer fabrication system 5 13. The
sem condygt %e"@n%oﬁ@%tbﬁ%'fﬁaébiééﬁﬂjé\%sté%f‘ﬁl%ﬁw 10, further
further including a conputer systemthat controls, at

| edseludingpacompbedsyséamdbatioenionls, sideest ihakart, said semiconductor
syst em 1@ '{he seEn' conductor wafer fabrication system

of WRigr iARTCRMETESM- 10 said neans for dynanically
inserting tinme delay includes a conputer system 15.
The sem conduct or wafer fabrication systemof claim

14, wher & .nTheasadniconguater wafertfehrigatior aysismanf dlaias (0, wherein
sai d.scanner.system.clock. 15 16. The sem conductor
v B REER i setBn e e8ARELERR = Eafuter system
nmeans for noving includes at | east two robotic
stations. 17. The semi conductor wafer fabrication
syst em of5.ciThermemicondiester waferfabirieationssysemmafidlaign 14, wherein

oA EBpRiute? B e iR eb R A B S 4 BEFnnd witkrm ook

systemthat _includes at |east a scanner system

oper at i n1g responsive to a signal froma scanner '
syst em cl®cihegemigonduger waiardabdpation syajemesfpbais @, wherein

r e fon By e SHT R VS ot S ot
when executed carries out at |east one of the

followi ng steps:  (a) determ nes deviations from _
nomi nal %ar iTbgi seimigonduciar watrdahdeatianysysamcdfodaim a@owherein

said means for moving includes at least three robotic stations.

18. For use in operating a semiconductor wafer fabrication system that
includes at least a scanner system operating responsive to a signal from a
scanner system clock, and a track system operating responsive to a signal
from a track system clock, a computer readable medium storing a computer
program that when executed carries out at least one of the following steps:

(a) determines deviations from nominal periodicity in said scanner
system clock; and

(b) calculates and dynamically inserts time delay as needed in said

semiconductor wafer fabrication system to compensate for said deviations.



(b) calculates and dynamcally inserts tinme delay as
needed in said sem conductor wafer fabrication system

woeocspeRsat e for said deviations. 30 WO 2002C08%9®3/007732
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PCT/ US2004/ 007732 22 19. T™e conputer readabl e nedi um
of claim 18, wherein said program when executed

stati Callé,yTﬂﬁtc%rnﬁ'ﬁﬁgﬁréf%{ql%éb?é W&’m%icﬁﬂﬁ{ #8.88h&®Rin said program

mnimze resource con . I'n sald sem conductor
wai/een gxedutedi staticallytdaterrsings . preimanmwad stateadabnisimize

sl el SRS SRR R PR et R i svstem.

nom nal periodicity in said scanner system clock, and
calculates tine del ay needed to conpensate for said
devi at i ?bs Theaommutepeadable stedium of claim 18, wherein said program

when execuied dynamically determines deviations from nominal periodicity in
said scanner system clock, and calculates time delay needed to compensate

for said deviations.



