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The edges of the opening 166 forned in the nask 158 are chanfered to
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are previously deposited areas 168a and 168b, which have been rotated away
fromthe opening 166 in the mask 1@033654%81 The di scl osed enbodi nent has
been enpl oyed to control the deposition of afilmon a substrate to
fabricate high-reflectance filters by sensing accel erations and _
decel erations in the deposition ratmasemad adj usting the de- position tinme of
each | ayer accordingly. For each deposition area 168 or "spot" on the
wi tness wafer 156, the ellipsonmeter neasures thickness, and the conputer
132 calcul at esnﬁslﬁe?%respondl ng ¥dPoBIM on rate. Each spot 168 is neasured
a certain desired nurgger of tines, in thpgexanple three times, and the

Dnj tored g B6x  D6% Flowl Qr MRt i on p Spasedpdly th&icommtﬂukﬁ%@
predi ct whén the Tayershoul d be Conpleted, 1he waier rotated, and the gas
flow rates changed t o deposit 3t hk.450x182 agar 104VR5e3GuB0! 8164S 09:48846 ated I n
FIG 64@and 4n4&aldl €581, -FI1GB8 6 1i | 1u40r %33 ihd2097081 £2808203at @5: 51 rR4ANgSt r ons
per nminute, the Intended and dctlsfl3r B¥9 At+8 108.88d2% 2128303t R5:56:00ct i ve
gas flow ré't5e45 hdr &l&riQfels asl alifﬁ;‘ﬁct”om(ﬂ‘ 1?%@3% i §34d fﬁﬂ 147140 ckness
(Angstrons). In Table 1, "N' 'cfl 38345 %57 ?'lﬁ ndi cat es

t he waf er n R s 55
of the nbasZ' }' osT1 ?’dign lt hg’ ;%E ‘t6 er
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1.700 188 25.0 111.38 28. gg,,ﬁ@%ﬁ%lQ 3 1.700 189 24.2 103.72 29.88
8732 06:13:15 47 47 1.7 4 1.637 50 30.3 117.30 27.52 8782
06: 14: 54 2 Laye€p.17Tndex @rigihed3 V16! o8Bl (Rhitknet® Thitkeds BO@r24. 8

101. 30 30.04 8924 06:20:40 20 If the actual neasured-thickness for a
parti cul ar ){ Is larger or ssmaller ¢han the cesired thickpness, then the

next | ayer to be depo‘sf‘ ed 3\??5 be ﬁﬁ% t hi nné?oﬁ)r t hi cker f?ﬂfn or | ginally

pl anned to coerect fdnséhi s2e0a or. Thos correa;ssmn is illust«sated in FIG 7

and Talfe |1. 425 TABLEAI | DED TKNESS N Layer No..% | ndex
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FIG 6. Th elh
transmgt %&nﬁ nl thi Xés%ﬂﬁé Mﬁéfﬁ

with 0. 5%&5&%631 nmanﬁBﬁrE h&m&fﬂabébﬁrb?ﬂtowﬁ\ﬁ'cén uﬁbOVe
wi'th resp%sosmf.ﬂ il Ueposition the ﬁd@%&ﬁdwrﬁwhﬁxmcams%m@&mﬁm&w@

measuri ng rﬂﬁiﬁlyﬂ@cﬂaﬁom%ﬁoﬁ& B BISSdepaHiifas in thH refRidve MBS HEBPosited iatérlal fom
i ndex. Thangdssiniea valSasSdn@ theh Maldiiy@Ppropriate corrections by adjusting the gas flow accordingly. This illu-
50  strated in FIG. 8.

' Referring now to FIG. 9, a simplified flow chart of the operation of the computer 132, determined by suitable
programming, is set forth. At step 200, the computer program is initialized, and at step 202, the specifications
for the optical structure, a rugate filter, for example, to be fabricated are input into the computer program, for
example, by a tape or through a keyboard. These specifications comprise the maximum number of measure-

556 ments per spot size on the witness wafer, the number of peaks In the rugate, the peak wavelength for each
peak and the peak-to-peak index modulatlon for each peak, the average index, filter thickness and the number
of layers in the filter.

At step 204 the initial values for the wafer are established. These initial values include such parameters



dance with the present invention is, however, capable of allow ng control
of both the refractive index and Ep %ﬂmgghted filmbycontrolling
deposition time and gas flow rates. us, the control systemis capabl e of
detecting notonly fluctuations in deposition rate but also departures in
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comrenc e dmadelo predict witgthes the preSenglayehnis coraplgte: tAcsertairn angwer will nptrhetavailabdeuntiirtioh redulis

shut t er 19f¢eprevioysaneasirempni hgve tepn naiculated i the peswetipaStiimaliver thenfabstera7 2, ety liahis
li ght; actreiyened ¢ffy tmwyeﬁhmfﬁ'm%bpmﬂmmtbt@yepotempsummthpe@tegmmﬁes t he
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controls thﬁts‘inQ?@lﬁ@toQMnhﬁfhﬁﬂieﬁdnﬂﬂle GRS rdtdsidb ¥ pratking MbasliretiBiR fsldfbuiddda, NOt
& layer is apsiap 276 i detdifhatidn iSRadeWhkthét GhelfiR6r i3\ domPIB® Dr WRENRF a A Bot'eR Meafet

bef or et heasnMésﬁemif affifiative) Sen G1RP LY iRkoiE MebiduriidRtlis ledss8ar RRUM tledddp s fAL €d.
The fil t eished@heOmbgranOcdnidd @) skistep 306, If3he Haterrhindtibegt 225iOnegative, tin abdtépi282, Severl

det er m natalcolatiohs areerdde. AJirdt Caladatidnli€to prediet e BrRecdt whiBIDthb praSent lyer Will b8 esmpltéf er
has been Tramsssuraicg thé freseot depdsitienvatat Alet at pte?282, Knbvings Tyq{ et dithe/dedired dumber osppessi f i ed
pr edet er mireresthtsypariiyer, a plediction Bimade dsd6 wirep thelnext meassitement abauldenmir) Ty, (Finally} at step

del ay 5 s 282therpredigted increase| i the Jhickness ofitinfii 8@ing khe pessérit inprementiti.es durigg the deseat! t o
measure [&¢ aaerzépndjngwatm!hene:emasymem\ﬁmbquasorret rically measured

vari abl es determinatign s medeces fowjiethershe wafer was justsaieierh If 89, then theifinelivalug  and
anal yzer. ﬁ'ﬁh%@@"“&?’ed et the precsriag ayer Botored apdthe pragram ganirel brapches lastap 204 Hfithecder | | m
thickness d. At step 258 the tinme of neasurenent is recorded and at step
260 the total el apsed deposition time thus far-is calculated. At step 262
corrected values used for[err]Jand [er]r are calculated. At step 264 the
mass flow con- trollers are ordered to change flow rates if necessary, in
response to the results of the nmeasurenent preceding the nost recent one.
35 At step 268, It is pred| ct ed V\/net her the f||ter has been corrpl et ed.
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40 step 274 the ellipsoneter is finally ordered to calculate the film

t hi ckness d based upon the just m@g%ﬁ#? - ues for [err] and the desired
index for the present layer. This dn s performed using the
conventional ellipsometry algorithmset forth in Equation 1: [err] where p
i s the rat fegnitationvas stap 284wag eagpfive then efstep 28§ thmprediteidiiyer thickness fosthe hextineastrement| d
t he val uesistisckediq deterraine whathenit ispaughie of greatar than thedasiced thicknespend|ifaptyoparatipn beangh}
are the el £5pstepad If tha pregictaglayver thicknegeis pragiprdian opequalte the desire igpsspiherpt step
el | i psonet £3P agdetermigatian issade ag to wheiher g flierrs completed gad tiecewmw branchesd? ph
Re- seaf chzte 294 Jf thefjiterds noticomplgted fhen P%‘fe&?g%q“? flﬂ”t"ﬁ? forthpnext layprds Gelculatadusing Fﬂ‘faon
rq’;\e si nce"™fe precedi ng measuremen | ted. At step 278 the
det®rm nation | Srerpadﬁowmﬁsg%rs the f "I t | 8'° c | ete or whet her a new spot

on the wafer 5 Mﬁg ki fgrqpetdrgég“a n at step 280 If
anot her, rreasurfemm Bﬁé . E‘Mﬁg e % I shed, the program
cont rol “wi || '=pth§ R.e frdcte dgﬁﬁ:héﬂ&\ﬂﬁxt Rwiaf alERPfdsy e, then
at. step 282, a3 ;Yeﬁfp yf Etlv@iﬂéaxﬁfn&uo% eQad it deploted in I GFUISBatenty, 446,646.
predict the tu g, 24 o WBisfrhnalidtfs m&&%etuwﬂeﬁ\mﬁew.émmueeem iPdffihativeQhenlthe run

assuming t taen@amemtemmwpemn bftheiterdoopQetiths 1 18 Phaid PrdgralnIRIB 9)Jf thetbdis o d
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predi ct ed based encthethicknedsteeroi ifithe justcomplatéd Iayee using Eguation B.ng t he present

increment, i.e., during the present nonitoring period ending with the next

measurenent, is calcul ated. &« Stdap. 28aldaiver dicadt (BN is made as to

vﬂet her2ot he wawhere, daso 5 iitial predigtion of desirpd thickness fordire nektdeyest nal val ue for the
ckness d fomn.aw@stmeéce@awmgmqleawmemsetlemamhnd t he program control

branches to st%prdDdpsiradithigkpess fputhe present layer.) 339 845 Bl termi nation at step

284 was negatt ¥ep 302 fheprogramdels "?Ba’hmthﬂlp@ﬁ“ﬂ'@ﬁ”!"ﬂ' '@?""ﬁ?’%ﬂ?ﬁ%%’g" F‘?ﬁ‘feﬁ%"‘

next neasuF‘E?fE’ﬁ’t“W?"'d’ﬂ@f?R’é"cfh j:ﬂ?ﬁs “'FBff'B'?at' fheg o
t han t 8 d%fg*ﬂ"é{f ﬂ?"é ?15: °‘F?8‘ta“t8 ‘H‘sﬁ?r en g step & 2y If
the pr edi C?%B? Pﬁ a onI e |ck ds%?eldrbegne el-

th gknefg £ .st E ﬁfﬂﬁex  Rec ﬁow%ﬁ "g i,

If the §iljgE t§ ‘fg, Egﬂ% 5at ort 8 “next
| ayer is ca Wg e e L ofte detchsua tﬁmﬁ"’ e .@sﬁﬂw 0 pobsY shadr® ehi

gas i; n —bd%ﬁ&HH’ﬁrﬁﬁcﬂ rﬁiyﬁ-éiﬁd’sbﬁff‘nnbnﬂ the reslehﬁnvgﬁﬁﬁ)@trk rahdelndhts fAdy rdafly Ha L&At

l'ayer, 10 inaccordanck ¥t these Fﬁhcﬁ OBRhdab sKil nthheammdufarun? fibrh 6 bdoof the Meshtion.
function for gas i; and [err] = the intercept of the flowate vs.

refractssve index function with the flowate axis for gas i. An

exenpl ar yf tiawsart e/ refracti ve i ndexfunction forsilane gas is depicted in
FIG 1 of U S Patent4,545,646. At step 294 a determination is nade as to
whet her t h® fA system (100) feramiometed:cbntil df the depdsition ofmtfinvento 4 substratele@mpdsingi s shut
dQ\Ap at step 294%dqd°swpenemrb‘nﬁ2)of the filter loop returns to the nain
program®(Fl G melat'ls foridepdsiting agiven materisl or materiglanmoneeragre sulisirates{( 03} disnosepigdthin
det er ni natlorFa| @d%Pg"Q%c%ﬂé’FWF“WP%&PW“MSa"FM rotated. If yes,
then at step 300 "E‘ﬁ%’ rt&m@arh&meawghetfmasf"éwwqjéeq NeRRs COMPERRGES S of
the next |ayer{ ’e‘?’ Fe)t"ﬁ%“? Egb:d't"f‘ﬁ“ﬁkness batshe on the thicknes
error IQ t he J

[err] = initi a ﬁ?%'ﬁ%@ ?'8W¢L§FWE?°JS;;%;::?@F$E] =

assunmed refrac t)Yn%aﬁ wd' e ‘ﬁ“ ;
for the presen

- o layer. .and errl desired thickness
e e ldm%t}ﬂﬁdég%an€ it

predi cted tOt&hmjléro&ﬁﬂns .'n Q naf
be greaper than aRd mﬁ&HJ coftroli mﬁl h%féﬂJ@Bés‘ﬂiﬂg' S
affirmative, hogg 2 after the next neasurerrent t e run Yi's 'St 0 ppe

step 304. If the mdﬁmaegatlve t hen at step 306 a delay occurs unti l
the tinme [err] equakmeasatingimearstiéthdf cOMprivea 4 Wthéss whfefindsk@58) hiddhged oMbk tte toplstid
252. The f | oveadeaf daidwitausswafér frbrh (hematarial ddpbsition,daid MEskfavirg &R SpehiRg(166) lyeditHamin,

t hi cknegs d iahd mearsoracbviby sdidvétneds-waler i saparise to, wafeh Bibvament @dmbarids frénk €aid central

t hi ckness anccontelierac bs sequentiaiiyto expdsesmn-depositddlamag bfaaill wafersurfars; dndat a certain
m ni - mum t hi ckneeid cantrollei funthenagmprissemehpplorrrdviding saidf vaafezmovemens cdmmendsso Befreshly
provi des acc up gxpeseraneridappsited gred on said withprs wafer wigD the thigknesaof the filmdayeri on ¢he wafer
non-negligi bl e amounts of tine (err) tggnmeasure and to calculate. It is
understood that the above-described enbodinment Is nerely illustrative of
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present invention. O herarrangenents may readily be devised in accordance
with these principles by those skilled in the art without departing from
t he scope of the invention. 35
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gases into said cham 30 ber conprises a nmass flow controller coupling
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