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modules, and a scanner (or stepper) system 30. Track system 20 typically
operates synchronously under controf of a computer system 40 that, among
20  other tasks, outputs a track system clock signal (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 CL.OCK).
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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upon the wafer in question.
stabilized room temperature. Upon receipt of a track clock signal issued by
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
in question responsive to a signal from the scanner clock. Within system 30
varfous lithographic techniques may be carried out upon the wafer in guestion.
At module or step 90, the wafer is subjected to a post-exposure bake (PEB),
using a PEB bake plate, and then io a chill plate 100, that returns the wafer to
a stabilized ambient room temperature. A developer module stage 110
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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processing at that station, perhaps a dedicated buffer station, or a robotic arm

temporarily used as a storage site for wafers.

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 fo 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
a buffer 150.
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reference U S. patent no. 6,418 356. 20 But even if
tFEBID RY &fefRNGssd & Rateiimia. iBed .86 be resol ved,
deviations from nomnal timng in the associ ated

scanner system can degrade overall fabrication system
dButf rameif rack Wisten sesoeeckdonflicta oaeteoresolved, deviations from

nominal timing in the associated scanner system 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 (R28S) 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 foilowing
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;




FIG | is a block diagram showi ng exenplary nodul es or
processes in a tw- clock sem conductor wafer
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i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT Fig. 2 is a block diagramof a
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6,418, 356. However in contrast to what is described
in the '356 patent, track system 20' advantageously
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stores (or can, be |l oaded with) software 220 that

scanner system timing, which is to say, deviations from nominal scanner
system clock periodicity. Such compensation is in the form of inserted time

‘delays”.

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

before system 200 is furned-on). As described herein, such inserted “delays”




when executed by the conmputer CPU inpl enents the above
system 25 operation. Conputer system 210 can readily

woeompBi®sact ual scanner system 30" clock tlnpmszgg4,007732
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invention. In Table 1, rows 11-15 (shown with
sﬁﬁlélﬁnb?e lguhwilenpw Seedrscrbeg svithsrederteacedo 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 +OH Time Wait

LPx L.PR Sng! 7.0 0.00 0.00
CP1x CTR Sngl 7.0 24.00 20.00
BARCx CTR Swap 55 44.00 33.50
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Sngl 7. ( 64:1&0 0. OBTRCPAXSHER PWaps5. b 8807355
CP1x CTR—SreH 084 -00: 42 001 CTx CTR.Swanp 5 49 00

00! 4240 3
76 50 Pt S B lsndR7.b $4S00] 0. 0B PB4 R SA8p b. 5
64. 00 13. 50P2ZOEBRX SRR Bwapas. P 285 00 56000 _| NiFED)

WHR Sngl—Egae 1100 00— AL-EN—BHR-Shgt—6-51-19.30.
25 00 B | OB Shab | o &) baset | 6%

DI SCHRG{" 'W-IRED~2 '*\Sﬁﬁ'tj ;A,SAgI424z,12 51 30.1.000 Oooo

SF{;,-;(P[E)\S T ALGRT 0 B 00 a3 %5‘%94: 08'
13. 50 FHRBE S PR 8ogl [7. 0
5.00 31 wa W 11.00 -2 1.70.00
‘ OUT-PED*.. TSR ooy = 500"

FiP3x DVR T 550

CP3x CVR 1360

DEVx DVR 30.00

CP4dx LPR 31.00

LPx 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 ciose 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 sieps,
where LPx denotes load port, CP1x, CP2x, CP3x denote chill plates (e.g.,
perhaps chill piates 50, 80, 100 in Fig. 2), BARCx denotes botiom 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),
OEBRXx denotes removal of the bead formed on the outer edge of a wafer.
IN-PED and OUT-PED denote input and output pedestals within scanner
system 30", ALIGN denotes wafer alignment within scanner system 30,
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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, 6,418,3586.




foll owi ng second process nodul e nust first renove the
waf er already in the 15 second process nodul e before
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nmodule. In a swap nobvenenty; a two-armed roboti

mechanismis used in which the first robot arm can
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is placed at a | om ng process nodule, chill plate
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cormiyT Pl BT iRE s fefa o i e i idtions from

PIrReGipa! §ém|@@,cwnﬁmfsvanwﬁr ﬁfistbhﬁi%@' ugtdtrd Pgaceke ppesknt
overhead tinme i's 24.0 seconds. 30 In the last col um

ofiNY&WOP, a 20 second pre-planned wait time is added
10 to the wafer process and overhead tine, as described
in U S patent no. 6,418, 356. WO 2004/ 081995

PEd/RO 4HPATTB 3T thEdrbbess rerephsanand wmalﬁméﬂaﬁ/a&hm@ at

in the last colum of Table 1 are determ ned an

adreeesoMEREladPax, 3 enqlic peebarism e B2 Hhipses M&ﬁ@@onds to .
DL VR AR PR P Py R 156 5 of

dgxbiéHed in the ' 356 patent to help resolve resource
5 conflicts within track system 20". These prior art
15 "waits" are to be distinguished from "del ays" that

' \%Il é@gdée% oreeBsans %veﬂﬁ%ﬂm@cﬁf% 0 sQ@cﬁL@%k@%d%r removal of

roducti’on system f 0 conpensa
depeé @bladrfﬁorﬁ ﬁWMlmlmfpeﬁnmL w;th)a it anned wamtejf 33.5

system 30' rdln to .t t _invention.

_Aﬁeépn@ﬁ@p@ﬁm?@ita% thtﬂg‘%%%e‘%ag ovibl e Biatia wafer swap
P EBLAO RRA Nt oCbdR ifttwhich 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 pius

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

wafer now undergoes an alignment step that involves 19.30 seconds process




process nodul e XPlx, a robotic mechani sm CTR-230 t akes
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Wo% ssvsStep, namely BARCx in row 3 of Tablgeqys 54/6([.}732

ow 3, a process and overhgad tinme of 44.0 secon
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which 5.5 second transport tinme is used to nove 20 the
waf er to the next process step namel y baklng the

abiShe SxoliShtof bediptrient QriBked, i 0o pPotad WATIEE. the
aRghfep W&u@stlmﬁﬁérqbo%?:égﬁeygkﬁﬁi’@ éxe@ﬂﬁh?mé&es SMpty

I N-PED step involves ro chanism SIR- 2

plretﬁting hthe\wﬁe%&)mtmﬁ Mmtaﬂm@ﬁdesuen that NnPED)N oft the DIR-240
+ Rblus DAY AR <500l SGieR MRBHed ¥ il drto siygion to

\Avdlipaé@)thatsﬁéﬂee nyitiReithel StheF ama ROfrbe td olel fiothér waer into the
al i gner sta G\), see exenplary system 200 shown
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Takkends wdite waf er now undergoes an alignment step
that involves 19. 30 seconds process WO 2004/ 081995
PCT/ US2004/ 007732 11 plus overhead tinme, with 25.0

S50 R BbEL0RE 1, BIEYROTF Rl 55 Bl Bitbgfoes e
Atwdfeefrenpineadiposuny stﬁabe vathigsoamter syt Sadin12nseconds with
pre-planned wait time, the 5 wafer in question now

uﬂa%ﬁgee@d%ﬁmﬁﬁeeufi@vemﬁd Warta PRY getegecangs| wait. In row 15 of
f%%ﬁ¢ “f@(hﬂé“%ﬁgo@ag‘}gr ngi{?tscaﬁ/ﬂé! té”;ﬁﬂ%rg'@ B&Pé‘e tﬂ@ts:%“ﬁso

arm o gned
wadlestic mechtaisatipicks the adfdrih question from the m&)p@deetai (OUT-

that wafer, while the other armis free to

ahtiPbasseaialed ,m&bsqqql@er gyees ?’%nr@'ﬁ% "@"@HVB"I'%%% npminally

| Bk GBESSS HahsPdIELMBLAH 9 RIS Droc SR MW Sverhead time, with
zero seconds wait. The wafer has now completed processing within scanner
system 30' and re-enters track system 20' 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 rechanism DVR-230 requires 5.5 seconds to transport the wafer
to the developer module (see Table 1, row 18).
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di scharges the wafer fronpthe exposure st age Wi t

scanner system 30' inl2.4 seconds with 15 1.0 seconds
process and overhead tinme, and zero seconds mait. I n

row 15 of Table | (the last row directed to scanner

Sy siova®in Bgr 2sypiddie tisd Rral@Onextalmaicrgoarrs iank®iper step 110,
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t @abkblie 1, row 16, the wafer at hot plate HP3x

undergoes 94.0 seconds of process plus overhead tine
i n baking. DVR robotic nechanism 230 then picks and

‘Trﬁ@@eﬂf{)h@r&%@ A8l @ Fid) 48, tﬁ%?érﬁ?r eéi@pé%oﬁt:ﬁﬁ&ﬁﬁ}%f Fig.

ndergoes a chi rocess step
p@%alﬁtgsc%ldndp}&gmpmmnyrﬂeﬁmgt Mﬁlxy-ﬂwwtaéets(:@éwoﬁed in the

Table 1. After co d ne
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ep I's another c plrate (CP4x per haps chi |
plrasceurse thns@wganszbemg t:ienomi a4 "nlapnadhaits eivi the Ia$ta:c§1tumn of

200 P 5 +RE30E8 R4 Sl e e, Hr o
ﬁggmgéﬁrégff@ﬁ;waéé%mgﬁm ﬁvsrgy 2Sp§@rpché e phtenti Thelede@d of
symbols on the right-hand portlon of Figs. 3A and 3B identifies what the
various rectangular and square-like symbols in Figs. 3A 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” fimes 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 "waiis” that are added to non-critical module stages

to reduce problems associated with resource conflicts. By contrast, the




10 Fig. 3 conprises Fig. 3A and Fig. 3B, the latter
being a continuation of Fig. 3A Figs. 3A and 3B
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vertical axis as wafer nunber 1, ... 25, as the wafers
undergo processing in system 200 as a functl on of
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Fiags addAd amd 38iera 260, debictedineFighpwn as white bars,
and are calculated for system 200" in Fig. 2 per the

' 356 patent. The | egend of 20 syrrbol s on t he

r 'Irgm%hﬁp%oﬁﬂ'ﬁﬁ 1 &bﬁgteg \ihfer ﬁﬁa@é‘rd e Sy%te?g be;.pg shown

arious rectangul ar an uar

Fnrgthe SAuamd, 3B deloatre2 re;!ﬁteseht‘srdew&trdr@b(m SEEIYsAMOM nominal
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grPo AN ryﬂwgoi‘%ﬁ faiyaﬁorﬁﬁ%ﬂrwpﬁyﬁtﬁm@ngnéme Figple being
366@8%&8 lt?s'sE]H:és% sc@nﬁépg’gﬁ“ Cﬁ? deviftiondAndare cct}rﬁ%ensated for

'spreadsheet showi ng t ion recipe
t withtinsérted “delaps”s accordingstoi the présard invihtiand ‘ﬁ% insertion of

L e e
VBEhE wWéhttr é’ﬁ( sg% feBd 't@%e 4 \f}gfe?%o%%?hﬁ&e%stem

in Flgs |teretang es are wal
a§0de@drwhxmﬁ scanneresystwﬁ 3B0ispratdnto reveiveasechphavaferd as well as
on-crjtical rmdul e stages

 BRehiRseh et s EmesE € ser Biovide 4 Wetar BN rtior irsasing
BYaglo Hib &%kk o ?Q@M@Oz%@ﬁ/@ﬁé@%cﬁ%yﬁﬂg‘% 995%3 'g}:éwe

vari ous inser del'ay” tinmes sho
aﬁ@M@ef@tfedfmﬁwewlmmesa:mt angles in Figs. 3A and 3B
are tinme "del ays" inserted according to the present
i nvention to conpensate for deviations from nom nal

t THe WitefBa@ betweer Tablel 1 tPigs MAQREN Bﬁ& and 3B, will now be
periodicity) in scanner system 30 e de ays

@i@ﬁefd et d_@mermtmmy begii \@ltfew.afer 4:|ug7|cms the feth vtaﬂﬁer from
%q}g\ﬂﬁ ?’%} %A \AEFO% the! egend the ng?'\t p%?tlc\a’\ﬁa of IE|g 3A we see

| ng s
that wafer 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
assoclated 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. Stil looking at wafer 4 in Fig. 3A, after 28.5 seconds of wait time
has expired (at approximaiely 670 seconds along the time axis), the CTR-230




in the columm), and colum 2 represents deviations (in
seconds) fromnom nal 40.0 second timng or

WOQ@ﬁJf{Q@ggl ty for scanner system 30 in the 04/007732
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bei ng 10 described. It isqghese scanner Sys
devi ati ons that are conpensated for Wi th |nserted
res i nventi on.
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PrReOnss g@émérlﬂel 1hAd FIQOIC YREEofifinn 30 THRC LA 04.0

system 20" is ready to fecéive
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{ ctiord Brelt, 98 distfosaiin e Mog adlnt 8 eqtiresh FS mereted by

f g t4C wahed, ddlomn 3he HOWRM isdrh Secdids.From the
| egend on t he right portion of Fig. 3A we see that

vvafer 4 is conpleting its 49.0 second tine in the CTx

GH B SPBRULRY e SREE rifiah OB i S TS ot B ifatrely ong

datoapMQeﬁténgI@ e?nﬁbol4 e S1eup B reMcl iRMakeB wWafef4 for 7.0
data for wafer , _colum 26, CTIx. Imediately

aﬁ@é@n@fhéeﬂﬁf)tif‘sﬂtdﬂfadn Fig. M catirewat, zgiBnnai2t Attabwt time 770

3805008 i 4 B Ve Sl SRR £ B3 1, anc

¢ FligidC, 20w 4 cwrmrhnrazo/ aé.\lmdr)sat@d biy@he f€atanquiat BEEIH rr@naA that
delay (as opposed t") 1S required, accordin

At
t @xiansisgrers @bout I"ﬁ\@‘eﬁq tshabcz;ttutrnne B%k Asghawmay ghe whita bar in

ki M PR rinfREB0SR! ol Tyis ecigRds Ihged ait 8 n
aFig}4C, trow 4TORIARA J40) 204IA 20 81AGIREd /psiePa 88IiRg the

14 r bot noyes _the wafer_over a 5.5 second transport

RCIQSLER inrye ‘859 padent. Fig AC 40w ¢ oselumnci almawastbat ne delay

R TP 208, A SRS oo

4t‘he sionail %ctan@llertreg’irﬁl)mgﬁﬂebenﬁtrmé 8d%esérbrids, #rceatbriwinoved
ate% tion roxuratelgtlrre 765 for wafer 4 :
L} lIﬁé%?rq\r@bo ic un for about 5.5 seconds. The corresponding data

appears in Fig. 4C, row 4, column 36, as well as Table 1.

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, colurnn 40. This delay is inserted at about time 895 in Fig. 3A. Next
follows a robotic movemnent of wafer 4 with SIR 240 that occupies 8.0 seconds




additional wait, as disclosed in the '356 patent is
required, as indicated by Fig. 4C, row 4, colum 31,

WO2004/081%8i t 7 is zero seconds. 10 Next as shoparR¥2de?807732
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smal| rectangle in Fig. 3Asthat follows the relatively

long hot plate rectangle synbol, the SI R— 230 robotic
unised akisle MaiharFid. 4pr oy @ t

in Fig. 4C, at roév4 cr:owunﬁégjgﬂ{]%f) ﬁ? Olfr@%?%gﬁ second
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CP2x (see Table 1, and Fig. 4C, row 4, colum 33), as
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pe‘{ FCH present invention 1S require
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nﬁﬁ%ﬁ%"‘%g"?heﬂ@? A5kl ol BoR fife S20,0 i Qongmsal axs. From
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col é; as wel |l as
;"ag@pgfn %(Wm% issfpilowed i a@ﬁﬁ\ by ai wisits taﬂan&g!etlﬁtﬂléaﬂng a

il"f?‘é”é‘@%g’f’zscﬁg G (R, Bog? L SR A Hegoted W 11). in

3FiQ Fecwemitls] epels jGbioaftetBme 9804ecslgM 38. In Fig.
3A, as shown by the small white rectangle, a wait of

5.0 seconds (wait 9 in Fig. 4C, row 4, colum 39)

f qil t d "

o LT AR A A i o

d reat baynd #7) of

del aé :rﬁ?gr]t ed)gt la?oi&tddatnldﬁgs gggeﬁ}na&faramg}\é%l\%ﬁg sént
Mg

GodelrY indenisad asn natraw bisoki rebtaﬁgl% 2Elg. 3A. Next
t 4/ 081
LAt ——
(saeoTabfe 14a;)d F‘E:_heﬂ]ar’rdwotf dohiran @8y, Aegendt tlrﬁ@\@i@t@ reis a
g$ ti rre 905 seconds in Fi
éj |°£?e9§ gy, 4 ihaitony 4 AcalpmndtD)z ditds s hhte detay inestart-
:r%v Bfﬁlég%?éjdns?r‘% ‘%’téﬂ‘ gﬁﬁ%clﬂfénﬁéwét@%ﬁn%% %éxg poﬂ‘nmeﬁ exposure

as Zero
starting time that the present invention compensates for (among other

deviations). In 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 permitte-d 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




(Fig. 4D, row 4, colum 43, e.g., wait 10 is zero).
Wafer 4 is transported by WHR-240 (or equivalent) for

wo]g@gﬁgg&@gonds (Table 1, Fig. 4D, row 4, col urrpCT,ﬂ]g)mmoﬂn
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for processing within scanger system30'. In Fig. 3A
termnation of this 12.5 second period occurioj $SL|
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colunmm 48). At about tine ereIs d
2 %30;5)6513 néise OF% gecarml SIRR48, ransportrtird®)s reflatted id Tdife 1, and

n the exposure step, and it is
%I(Ee\/ﬁ 3{% {;]olgﬁ'ﬂagé ‘ay in nominal exposure starting
t| rre that the present invention conpensates for (anong

other deviations). In FI% 3A, exposure does not
stA§ BhQuiR |9|ra@m§@liy ini fig. 84 Dydbe datshed mntiarigmt;parﬁtmg from just

Y ORI e
abdmBx forrget.(888onde EeriBabldla AR F:gshEt B9, Eﬁfdﬁ)r’i ﬁ@j No wait

after exposure (wait 12 is zero séconds in
r SipiR is peruRiedAfier the @ostexpesisp baket(ee, Bif. 6E5row 4, column

S5O0 AR 1538 280 5BOGnd=0 yuaR 41 € MniacitehPloked up by
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0] 0 second wai t state is inserte
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4 bout tine
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QUT- PED station in scanner
cg, 8%&% 3B jLISf. after time 1200 seconds.

The white rectangie in Fig. 3B extending to about time 1215 seconds
represents an inserted wait of 13.5 seconds (wait 16, Fig. 4E, row 4, column
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 robotic unit DVR-230
(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, column 67).




system 30'. Per Fig. 4E, row 4, colum 56, wafer 4
spends 1.0 seconds at 5 this station, and is then

wo'meygsk1dyg robotic unit SIR-230 with its 9.5 spepad2004/007732
transport time to hot plateg HP3x, e.g., post-exposure

bake nodule 90 in Fig. 2. Note fromFig. 4E, row 4,
caollums 57 gnd 58, that no wait tine _and no delay

t ﬂJrPéSrTeg‘q%?\% aPY%IBP(f@“é ProGgRssis $hows 19 &ig Hbasduslongigctangle
d ' R- . .
%‘x?éhdﬁ% i®n? 8b8ut ﬁrﬁgﬁ@%)to a%%%ggﬁeﬁf@gg%oﬂo‘%o%ﬁ%gmg at Fig.

transport time is reflected In
ARF, Frow 4 cobohnst850d 8% vedferwt igsabjeicteal loya BO.OFéetondAvait

e Tad e BhaB0% GeRheORldtOnesTele Beine fenaported by
WRSUE: obhat : : Tahl

° LSRRI B GRS KAac B DAESRET o Segd il e

i4 éEr aplsy ﬂriatﬂdeﬁglaﬂf erovg ?eccpiumn w)_pm?em Eafreséateg to a;@r?lt plate,
, . row um . S \ t Is zero seconds). .

wiier bclte B Pa B PTR Ridl 450650 SasbrigT abbrt ahd Fig. 4F,
D A . ? "
Xy THOT SRR LAY i 48Rk GRRER g
2macsile gapinted inikeqassariiyabilected dmdtheingfer Eiper tming described.

colum 63). This 64 second wafer 4 cooling step
icomrences in 20 Fig. 3A at about tine 1140 and extends

of¥afBt 8.is latiRghRe b@flrfzﬁc[)%t@n%* prhcddding e Per FRIIOE, Phw 3 golumns

3B, just after tine seconds. The white rectan
[

A2m@ng. 7 3pvaier drindasgees aBdul second waitiwedd@dellowed by a

r 8y, ' ed i.t,of 13.5 conds .(wai t, 16,

P Orse St PRChBR Sl B o)) Mg, A oRN.2! deiminates shorty
| bafrré dithalelog sebofdf)3VeHSONUStheAGPsSHoM@dt Sy IdBBtic unit LPR-
present i_nvention, denoted delay 19 in Fig. 4E, row 4

15 c4PYAWitR segandisansncsitirae)  loadmort eick @ﬁg‘gek systeg20'. Wafer
1o P Bty B0OH A SR %0 NG B ad i e

(with its 5.5 second transport tine) to devel oper
nEduIe 110 (or equivalent), for_an 89.0 second
déves syxamiite thecethenwriers shawnAn §iger3A aod 3B, ilgeiseen that at

6 4 P 4/.0077 . Thi s | engt hy
Ry s P R0 SeunEERNe o b et eleis e
20 rewcasgee entersahdispsteht fiow aatiotbd il cdlizfh Ran &RpUWA, scanner

tl.rred1319, sefconds. Looki ng_ at Fldg. ,
time deviation from a nominat 40.0 second scanner clock period can vary from
a nominal about O 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.

25 AA4F.

It is the combination of pre-planned "wait states”, as disclosed in the '356
patent, plus dynamically inserted "delays", according to the prasent invention,
that promotes the desired synchronous wafer flow throughout scanner system
30  30'and track system 20', notwithstanding deviations in clock perfodicity within
scanner system 30'. For example, at about time 1217 seconds, dynamically




4F, row 4, colums 68 and 69, wafer 4 is subjected to
a 30.0 second wait (wait 17) and a 6.77 inserted

wodalsmgi9siel ay 20) before being transported bypdrushed o732
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unit DVR-230. After the rapotic transport tinme of 5.5
seconds (see Table 1 and Fig. 4F, row 4, colum 70),
V\/ﬁtﬁﬁm iR s%ecﬂb?ﬁoae?n t&!

(orA% w%l ent) in é’n g?m}%f%g ‘gtagd @:o%d Fr}ﬁSH ecoiumn 69
ammdpfffg BFrow Aomlmmrbﬁﬂi)wnab?’as robldiai umif DVRSZMtcdeecute pick

eri,c ,and, pot ever nmodul e depi ct ed
%?‘He‘g%‘g%@faf‘ 9“\%’8? ot ST | oh ONGaBiniges {e ﬁwap swap
deﬁ@tﬁdrbed 10 Wafer 4 is nearing the conpletion of

processing. Per Fig. 4F, row 4, colums 72 and 73,
waf er 4 undergoes a 31.0 second wait (wait 18),

| B et duioR SRS i, ReEbidite f6 U pirenbinve
1éaaﬂm:mnﬂé reg\ééﬁs iér mékhhﬁrﬂaléd@wm&r‘éd‘i by hebz%fasld xist.
unit LPR 15 23 ) il

7 second transport t'inhe
p&uch qumﬂmts f@ﬂsﬁ@éh@ ms ofwyhehrorizatont dfevafputredicross

o Sublefy S0E 43l St el nbl B@ininaiam rand g

3herRalBBlond vasorefie ifAindds, itaP RN ItARL r%'sbﬁu:%\éeddﬁﬂlcis are

140. 0_seconds one of the twenty-five wafers to be

pREeEedaas amesytotthe lws'teéiﬂvant siatepanddinee detaysol urm 2

BB et S AR A b AR D BTG of cotay
ntimesabcedliig b $RaNBEsnitiovaiow 3@1.‘19 %aﬁ%d@ut psttware 220

conput er system 210 detects such viations from

nBfNgANAiGa épchijaresiuchms these digessst indd . iatent no.

dglﬁgye d4sginserted into the systemflow, as exenplified
25 4A- 4F. 1t |s t he conbi nati on of

pre- pI anned "wait states”, as di scl osed |n t he' 356

p ent, plus dynamcally i nserted "del a accor di ng
t gthﬂ@%m BXeMPAIKBY$IEM degaibedyassive a40esanenrirmetod,

SUPH 80 B BT Citl 96 AR e At BCHERdRgiated thar

i a faster khrpaghpdﬂ cart Msmb@hmmtememameforseé@tnﬁaﬂe%@ least@BO wafers
exan‘#{‘ig_i mi 1217 seconds, dynam cal.ly WO
2BBINYHigo8N @f?@@é?éb P ovafers pergminute.

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.
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inserting delays to the novenent of wafers 1 and 4
(Fig. 4F, row 1, colum 69 and Fig. 4E, row 4, colum
65) enables robotic unit DYR-230 to execute pick and
placenent of wafers 1, 4, and 7 in one continuous
| e- swap- swap nDtlon 5 But for the insertion of
WHA >: according to the present invention
conflicts in the requests for pick and place by wafers
1, 4, and 7 would exist. Such conflicts would lead to
L. t]msa Qeoﬂet)lldﬁcisywaﬁr di{biriz:aﬂdrmyst@fn thatfiaclufi¢somvlaastraxssk system and a
tra k S m,2 and scan system 30' am ni n
scanne s Gem i SRCABPSR LR PP SNGPORR BhaoH iR from
nominhl :
D b e R Lol Pk R ops
tGa)re detesaiing saidatainehststentiesppisetta abgniloiom B ssamansistem
odicity. Determ nation of delay tinmes, according
?%e present invention, may be carried out by

S(@ﬁ t WediRratid@ saldSia0R s U@Bf@h%sb@@vett@%"kﬁ%ﬂl’ﬁ‘%%k%?stem clock;

t hose disclosed in atent no 6, 418

At ho u.:g*ﬁ d@ﬁéﬂ@&wdangpr@mreﬁmsé Piabi stitesss naesied 40 a@id
S I d |on of 90
c%?lg?:g f&g?§o%gcrﬁ:s tlﬁ’\é}mf %lmllé(l)rfd?lgt%?%a . ecbl%a W6s Jt ¥Rt prior to
fcqsta%gtsinﬂeagiq@uﬂummz&bﬁfabﬁ@tﬂoﬁpyﬂaﬁmlﬁd for exanple

ast 130 wafers per mnute, and preferably 160
ié sds g dedatt mfﬂe@maéﬁgn%aq@ spisrscaticnpleckad be

'fﬁﬂ@mk%ll? AR e HnRS&5h f&@ﬁ%éﬁ%ﬂ%ﬁld s@fn‘ié&ﬁ&'ﬁctmﬁ&t faB9cation

fromthe subject and spirit of I nvent i on
dastemad chyppeisete fhofucbengtial.ai ns. 25 30 |1Cl I | 19
VWHAT IS CLAIMED IS: 1. In a sem conductor wafer
fabrication systemthat includes at |east a track

2. Shketresth@Nbr @laim 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.
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scanner system a nethod of conpensating the
fabrication systemfor deviations from5 nom na
scanner system cl ock periogdgcity, the nethod
conprising the followi ng steps: (a) operating said
scanner systemresponsive to a signal froma scanner
system clock; (b) operating said track system

6. r ﬁ%[hg&ﬁbcy &f LiQinf1 S éﬂn sffn'ﬁ %%ﬂ:oh&@c?& watst Igﬂ?lé:altlgﬁ |§¥st n(1 ?r)cludes
pre-determ ning ‘and I nserting pre-planned wart § A% 6S

at leastathraeeelsteid stavioay.oi d 10 conflict for resources in said
"sem conductor wafer fabrication systemprior to
operating said sem conductor wafer fabrication system

7. aryd théhodSt Q5 N vﬂgarélg %igtsélﬂﬁofnﬁl%mr%m&iéa'ﬁ% E%éénq' includes
sai d scanner clock an ynam cally 1 nserting ti

at leastfelmanpbatic stetéahesd i n sai d seni conduct or waf er
fabrication systemto conpensate for such deviation.
15 2. The method for claim1, wherein said scanner

8.  CIRGHKeRALSLLI S WiviHerdn sRPEL) dnll QRp(&f fe AN Y @m cdnputer
at least 90 wafers per hour throughput for sa

systemseni conduct or wafer fabrication system 20 3. The
nmet hod of claim 1, wherein said scanner clock operates
with a repetition rate equivalent to at |east 160

9.  \VifeenSh@EST diaib 1, tWieodiq b tratlosystei fps ool LOREURE S a signal
wafer fabrication system 4. The method of claim1,

from s3if pgk $ysicat derlo And Al SEamgeT s YSRMeRReFRISACEPOnFiN Lassigna from

said scé&n%psy(sﬁ%m cRaLis determ ned by a conputer system
controlling, at least in part, said sem conductor
waf er fabrication system 5. The nmethod of claiml,

erei ajd s ondyctor wafer fabrication system

to. PhEfiidller AR |
0 Phirrigeatuclor WA dtoRaon B CODPHENSns. 30 20 6. The
RREAAE: fstéh 8hdFhting RSB tosﬁgigmlﬁ RIS @ BEAG QK s MR B ck:

fabrication systemincludes east three robotic
stteack syrem Sparatimheespashiedo efigohlarom 3 trank eyséinn cloelk;d

l‘cr’rgerayrsl CRY greujoﬁi}if%%tg?{sgg%{ vg%){e%ﬁgf_liln%gidss\ég}tn%rgdﬁ&&! water fabgct:ation
system;

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 mserting time delay as needed in said semiconductor wafer

fabrication system to compensate for disturbance in 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.
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8. The nethod of claim1l, wherein step (c) and step

(d) are carried out by a conputer system 10 9. The
met hod of claim 1, whereingpsaid track system operates
responsive to a signal fromsaid track system clock

and sai d scanner _s sten1operates responsive to a
12 s{hmumispdrtos wpter sabsisalaan yiemenf ek, whereirpsaidascanner clock
operatSEWtR QREPAAHOR ré‘é@&@f ivdltd &AkdsP 5‘6(?%3%&?%3& %Sﬁmf]}q%gﬁﬂlt f@r said
scanner ‘system operating responsive
semiceclammewaky sdberntidrogktem. a track systen1operat|ng
responsive to a signal froma track system cl ock
nmeans for noving at | east one wafer within said

13.  SEHE &andiehobr %fe? fabﬁ@g{dnca*%ﬂeﬁrbf AR T él%gr fﬁ@ﬁlﬁﬁl é.gr ocfompu’cer

inserting pre-planned wait "states In said single
systemsthat epotrdigcatdeasimfpart, saidbmicendusior swasdr dahricatioreshstoen.

conflict for resources in said sem conductor wafer

fabrication system and neans for dynami cally

14. i TieadebdiQighdbitOBwERl Bpbriofionesses dfilSai 10, SARORMALAT; for
waf er fabrication stem to conpensate for

dynamifially isseinedimadghey m@%!id@q g gorgutgrasveiemcanner cl ock. 25
11. The sem conductor wafer fabrication system of
clai m 10, wherein said scanner clock operates with a

15.  rEpeeididondudtat wafe|fabMedtntsyétomalf cladady, SBeremf s@idScoRffuter
hour t hroughput, for said seni conduct or waf er

systemegegprates @} ]&%Stﬁ/‘gtséﬁ‘ﬂnegﬁ’sﬁr} clogk. 12 The seni conduct or
waf er fabrication systemof claim 10, wherein said
scanner clock operates with a repetition rate

16.  élwisvmientudtor wmafet Bhgtatib6Gyserhef slaparl Ohwhiereinhyaidundyms for

. for,.said. sem conductor wafer fabrication system 5

lngwnﬁgyh%ﬁ%MQSF?g%h ESF%ﬁmWHFer fabrication system of
claim 10, further including a conputer systemthat
controls, at least in part, said sem conductor wafer

17. %rﬂﬁ@wn@wt@wafemfabmnnomrsest@e 9 clafrd U6t wherviafseid means for

movmg ﬁl%fuldgée‘cllt lgeﬁt i§1¥<§e r%m)t?c sta%‘lo%l .m 10, wherein said means for

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) pre-determining and inserting pre-planned wait states as needed to avoid
conflict for resources in said semiconductor wafer fabrication system prior to
operating said semiconductor wafer fabrication system;
(b) determining deviations from nominal periodicity in said scanner system clock;
and
(¢) calculating and dynamically inserting time delay as needed in said semiconductor

wafer fabrication system to compensate for said deviations.




dynam cally inserting tinme delay includes a conputer

system 10 15. The sem conductor wafer fabrication

system of claim 14, whereim said conmputer system

generates at | east said scanner systemclock. 16. The
m conduct or fer fabrication systemof claim 10,

19. oM utes i dabla medivgg of qlaimpd{,ivietsToip s2id ergram When sxecuted
e | - - . . -
satcal e By AL oo PR EPMR LB Rl sl

semicopdwitprgwafacprodedtioatsybtemst t hree robotic stations. 20
18. For use in operating a sem conductor wafer
fabrication systemthat includes at |east a scanner

20.  SBHelcBMpORE FAHAKIS ncARRPHBIYE | ® whedif 8ak f‘fﬁ% ¥ hef eidaled
system cl ock, and a track systen1operap| g responsive

dynamicgllydefprgrines davigiions fromolonsyal tperiodicivy ky saad sompusgstem clock,
r le diu toring a c ut er .programthat when

and clGERIE el S o BB S B Tl v ng
steps: 25 (a) pre-determ ning and inserting
pre-planned wait states as needed to avoid conflict
for resources in said sem conductor wafer fabrication
systemprior to operating said sem conductor wafer
fabrication system (b) determ ning deviations from
nom nal periodicity in said scanner system cl ock; and
30 (c) calculating and dynanmically inserting tine
del ay as needed in said sem conductor wafer
fabrication systemto conpensate for said deviations.
22 19. The conputer readable nmedi umof claim 18,
wherei n said program when executed statically
determ nes pre-planned wait states to minimnze
resource conflict within said sem conductor wafer
production system 5 20. The conputer readabl e nmedi um
of claim 18, wherein said program when executed
dynam cal |y determ nes deviations from nom na
periodicity in said scanner systemclock, 'i. and
cal cul ates tine delay needed to conpensate for said
devi ati ons.




