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i nvention provides for a nethod and an apparatus for using

scatteronetry to performfeedback and feed-forward control. A

processi ng run of sem conductor devices is perforned. Metrol ogy data

hequi rod by andTEAIRER ARBCKERRRAFOY KR UAING SCACTRRBVMRTIY TH' D
made whet her the PRRFORMFEEDPBACK AND FEERL-FORWARDCONIROEI ng of

sem conduct or devices. A feedback nodification of the processing of
sem conduct or devices is performed in response to the determ nation

that the error data nerits nodifi i rocessi ng of
SECHSTCAR €xtf

sem conductor devices. A feed-forwa ion of the processing

of the5 sem conduThisrinvmtion eelates geferally 18 demiton@sRen aenbifictufidg, and, more
determnation, that the error data nmerits nodification to_the
processi ng Rartt e 40 dumethod aud, ppragatus &t qutomated error correction for wafer-by-

wafer processing.

BACKGROUND ART .

10 US-A-6 051 349 discloses a method and apparatus for coating a resist on a
semiconductor sﬁbstrate, and subsequently developing the resist. The method
involves coating a resist on the surface of the substrate, and patterning the resist by
photolithographic exposure. A line-width measuring step is then performed for

- measuring a line-width of a latent image formed on the resist coating. After

15 subsequent developing of the patterned resist, a step of determining whether the value
of the line-width of the latent image falls within an allowable range is performed. If
the measured line-width is. outside the allowable range, the method calculates the
difference between the measured value and the target value and determines a
correcting amount in the processing conditions. A correcting step may then be

20 ' performed in earlier or later processing steps. |

US-A-5 900 633 discloses a method of analysing patterned samples of
semiconductor devices. The method involves the use of scatterometery |
measurements, the results of which are used to determine the subsequent management
of the devices.

25 US-A-5 511 005 discloses a wafer handling and processing system which
involves the use of feedback and feed-forward corrections of fabrication processing
steps .based on identified discrepancies in simulation steps.

The technology explosion in the manufacturing industry has resulted in many
new and innovative manufacturing processes. Today's manufacturing processes,

30 particularly semiconductor manufacturing processes, call for a large number of
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* SCATTEROMETRY TO PERFORM FEEDBACK AND FEED- FORWARD CONTROL 011512.
TECHNI CAL FI ELD This invention relates generally to sem conduct or
manuf acturing, and, nore particularly, 8o a method and apparatus for
automated error correction for wafer-by- wafer processing. BACKGROUND
ART 10 US-A-6 051 349 discloses a nmethod and apparatus for coating a
resist on a_ sem conductor substrate, and subsequently devel oping the
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st epslar e Jactars i the phetolithqgraphy, presess: Overlayis pre af pryeml important steps in

semiconductor manufacturing. Line-widths, or critical dimensions, are important

measurements that relate to the quality of the photolithography process. Line-width
control in semiconductor manufacturing involves measuring the characteristic
dimension of lines/spaces patterned onto the semiconductor wafer that is being

20 processed. Generally, minimization of the deviation of the patterned line-width to the
targeted line-width is important to ensure that the multiple layers of the
semiconductor devices are connected and functional. As technology facilitates smaller
critical dimensions for semiconductor devices, the need for fewer off-target line-
widths increases dramatically.

25 Generally, photolithography engineers currently measure the line-width once
per lot immediately following the photolithography (or subsequent etch) process. The
measured line-width errors can be used to make manual or automatic updates to
exposure tool settings. Some of the problems associated with the current methods
include the fact that the exposure tool settings can generally only be updated once per

30 lot.
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of inputs that are generally fine-tuned to maintain prop8rSEP 2003

manuf acturing control. The manufacture of sem conductor devices
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current nmethods include the fact that the exposure tool settings can
generally only be updated once per 30 lot. TT3182 AVMENDED SHEET
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processing steps is performed on a lot of wafers on a sem conductor
manuf acturing tool called an exposure tool or a stepper. The
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second machine interfaces 115, 117. The computer system 130 employs a manufacturing model 140 to generate
40  the control input signals on the line 120. In one embodiment, the manufacturing model 140 contains a recipe that
determines a plurality of control input parameters that are sent on the line 120.
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prevent exceSSTRB FPHI! etesydapeht by be presentityertion tetheABE Samayork coid fegiire

i nput astivgher| of safiwate [kemponenes. T2 Biditiof @NloRPLSHE Fitlin HE APC HAMHERla computer script is

40  written for each of the semiconductor manufacturing tools involved in the control system. When a semiconductor

=

manufacturing tool in the control system is started in the semiconductor manufacturing fab, it generally calls upon
-



signal is inside the deadband, that particular error is ignored, as ZQSEszn
descri bedVPP1IHBk 530 of Figure 5. Therefore, when the \ROTESOMiSIRM

error tahaipt dritiaesiiatin thadis feqifed by tk pﬂo&ﬁdﬂmtﬁdll@fb’&l:h ds &efhﬁé-lﬂﬁﬂltc@mb%r | 'fhe control

the preg a ul e t use
updat e | ts c%%%e%ﬂg' %I ng Qrgiopn'[f}"’nﬂ EHP&S%’ > %M@njef%p(’)nﬁ’ét °2 55 ﬁf‘“%ﬁ@ foe a
t he er FBRgAYt Restion °f e éFé‘f et il g comrobystths Gidesdaghf bl i, proseot ioYeatingesn be
to the nﬁmemernahmmﬂweebﬁnaaﬁﬁamgﬁaﬁ&m@ upon that -6 2 9 SEP 2003

WO Q1/97279 CT1 U i C dat g. w.error data is
the% obt ai ned” ahd - S{a)ma tg&ssci"ﬁeedg%?‘feﬁﬁed “3?8’?’((“% Inypntien gy ke modified, and
one emmeitedindifferentbut Bsmeqé@t mawers ipamint ddybese skilfed i thpartitaridg fhe bentfh of theteachings

error gaki. f-‘m&mbﬁ R RdRre MBS B tﬂ‘?feﬂsmfaﬁ;&u%n loPd ferenfasﬁo N tham as
in blo%sﬁgfg % ét an error, gprresoon |ng to a control "I nput s nap
i s not % & ‘o, glaigs heloyn§ is therpfoppenv the paticulag &‘E‘P?d%’“ﬁﬂﬁ?lqsﬂ ?ﬁ’g"etlhft’y be
‘cont r olaltdredpert mpdifieeinat exllSsutio varaipa I’k&atc&md&e«i ®ithih tRe €dopOlafid spifit of the invention.
penrfor The val ue of the
er}gr (r%%%?espondﬁr&r BEQEQR %%?%Fséﬁ%mﬁ$gf§na |§Wused to update that
control input parameter on the line 120 for a subsequent

manuf acturing process step, which conpletes the step of performng
the control paranmeter nodification analysis, described in block 430
of Figure 4. Turning back to Figure 4, once a determnation is nade
that the control paraneters on the line 120 are to 10 nodifi ed,

f eedback nodifications are made to reduce the possibility of errors
and non-uniformty in subsequent processing of sem conductor wafers,
as described in block 440. Generally, the feedback nodification of
control input signals on the line 120 are performed on

phot ol i t hogr aphy processes, such as |ine-w dth adjustnments using
phot o exposure dosages and line profile adjustnents using exposure
focus nodifications. Feedback nodification of control input signals
on the Iine 120 can al so be perforned on etch processes, such as etch
| i ne shape 15 adjustnents using etch recipe nodifications. In one
enbodi nent, the feedback adjustnents are -made by the conputer
system 130 and the manufacturing nodel 140. When a determination is
made that control paraneters on the line 120 are to nodifi ed,
feed-forward nodifications are also nmade to reduce the possibility
of errors and non-uniformty in subsequent processing of -

sem conduct or wafers, as described in block 450. Feed-forward

nodi fication of controel input signals on the Iine 20" 120 can be used
to performcorrection of subsequent processes of sem conductor
wafers. Feed forward nodification of control input signals on the

| ine 120 can be used for etch-or spacer deposition processes, where
scatteronetry techni ques can be used to adjust effective |line-w dths
of precision forns on sem conductor wafers. |In one enbodinent, in a
spacer deposition process, scatteronetry neasurenents can be used to
adj ust deposition tine, which would inpact- the spacer w dth, which
in turn would inpact the effective line-width of a trace on a 25-

sem conductor wafer. Furthernore, scatterometry neasurenents can be
used to neasure ion inplantation paraneters and adjust ion inplant ~
dosage on subsequent ion inplant processes. In one enbodi nent, the
feedback adjustments are made by the conmputer system 130 and the
manuf acturing nodel 140. In addition to inplenmenting the principles
taught by the present invention for manufacturing of sem conductor
waf ers, the principles taught by the present invention can be
utilized in other areas of manufacturing. 30 The principles taught
by the present invention can be inplenented in an Advanced Process
Control (APC) framework. The APC franework is a preferred platform




taught by the present invention. In sone enbodinents, the APC 23 SEP 2003
framework can be a factory-w de software system therefore, ReBficement Page
control strategies taught by the present invention can be applied to
virtually - any of the sem - conductor manufacturing tools on the

factory floor. The APC framework also allows for renote access and 35
nonitoring -of the process performance. Furthernore, by utilizing the
APC framewor Kk, Icﬁiata storage can be nore convenient, nore flexible,

and | ess expe han | ocal drives. The APC platformallows for

nore sophisticated types of control because it provides a

significant anmpunt of flexibility in witing the necessary software

code. Depl oyrrelnt of efBod; GRRTISINgSt r at egy t aught by the present

invention onto thepARfemfnzaaEWRicKssmBU nth F(ffqgéxﬁié‘ondéct&u%bﬁ&soilo‘éﬁfénv"a{ e
conponents. In addition to conponents within the APC franewrk, a

conput er Scri pemjcgndugior wafekt en for each of the seni conduct or

manuf act uring t ool §cdui}}f@|nve%910gﬁ¢liét@§oxﬁ9£lh bkesSHSEATbndMBE dedices (105);

sem conduct or manufacturing tool in the control systemis startéd in

t he sem conduct or Aegviringemor databyf anblyzing sajé pegringd metraddely slatayraid acquini@
01/ 97279 PCTI URQd dk2 : ??E‘J‘D%Q mAsi&hdnP b Lnitiate.t

action that is requi }étép%s;/&t eﬂf)lr ocegsmconﬁégppleﬁre&ng&uk gegl attrllggt two

| i ne-wi dt h corPortions efrsaid Bpmicomstyctonvafenandireldulatingadiystmentdata fodeth ofsdidand
per formedgi n tljgﬁﬁ, .SCripts. The devel opnent of these scripts can
conprise a signifr'cant portion of the devel opnent of a control
system The pri nci gdtemirtingghethepyaid hwomntatasmerits madifipdtion o saivhproeessing of

i npl enented | . dy. Jgnuf acturing franmeworks. 5 The
particul ar e&%ﬁﬁ%ﬂ?@rﬁggﬁégggﬁgbove are illustrative only, as the
i nvention may be npatfofmiag anidast pnecifi € dekdbavk dinbdification abdita EgdHforahrdnt
manner s appar 4 Q. h%g i | i I benefit of

t he teachi ngs%gﬁcgﬁl‘)}f. ug(fﬁtoféﬁoggé,O?ﬁ% f%f)%]{uth{]I %Jﬁ%géﬁéeﬁibrﬁegnlﬂ’gﬁ sfng

t he detailfs ofadipgmentr data iinrresponsde®i gaid hdstegninatginothat saitl heror t datan masits

par L1 cul ar ombagy Rearad gk BRedd of Sk SEhELARROEET, o o 11 e

and all such variations are considered within the scope and spirit of

the invention, 10 i . . cLi erein.is a
set forth in the c'? ?%ﬁrrlgﬁ géepgﬂ\flv?éd "&agmgfi’g&l 39&@(583%%%@% ga&afd  sat
CLAIMS: 1. A imocéssd, seonenpductirndgvicpe (f06) Murthgr somprizes sejuiripg rsostteminetry
sem condygt or dQ%Vi ces (105) on a 5 sem conductor wafer; acquiring
nmetrol ogy data from said processed seni conductor devices (105);
acquiring error data by analyzing said acquired netrol ogy data, said
acquiring ergor [.Sl rm ni neagur enent i.fference
bet ween at | east '?ﬁ%&hrg)%r (lﬁiolﬁllse&] g‘fcqagllgﬁ s(:ielirl#‘ %bﬁl(\fﬁ%l'?g?w 2 "e'gl"w%lbersalg
cal cul ati ng aéijrersdatee meeritd anadificatiore toc spid prosessilg of Gempivonductos devices (105)

det erm ni ng Wagh, i d error data nerits nodification to said
processi ng of sgﬁ‘l{og%ﬁécf%ct or devices (105); and perform ng at | east
one of a2¥ eedback acguiiig amt danfrom saidardalysil-of mewalogy data;

determining if said error data is inside a deadband; and

|

modifying at least one control input parameter based upon a determination that

said error data is not inside said deadband.




nodi fication of said processing of sem conductor devices (105) baszegoiSEP 2003

upon said 15 adjustnent data in response to said determn natiR¥pldcbabnt Page
said error data nerits nodification to said processing of

sem conductor devices (105). 2. A nethod as clainmed in claim1,
wherein acquiring nmetrology data fromsaid processed sem conductor
devices (105) further conprises acquiring scatteronetry 20 data. 3.
A method as_cl 21 medy i yblhalMidindh i LAIIZ0 ANENAleil BLALNI I Redback
whet her said error data nmerits nodificaftion To said proceSsing of
sem conduct or uedificaien 6%y prdcassingert cwinondwrs devdiées ot i fnitheg cemprises
data fromsaid l ysis of netral a. rmning if said error
data is insi demggﬁgéﬁﬁ%oﬁ&e dgﬁéesrfgggy‘i}&ﬁ}éo%ﬁph?ggget“’one control input ‘
par anmet er based upon a determ nation that said error data is not

i nsi de said deadband. SEP.2003 Repl ac nt .Pag . _A net.hod as
clai med i nSd cl alé}m 1?\ Teg’i"gf?,s %@?‘gf%mﬁ'e%eo?fﬁ?q%&sa{ %e‘gdgl}f&%‘ PertoMing "3
nmodi fi cati on ofeedbackdmpdificaidg i ofgsaidlf proessing ofl yahiosnddaor deviced {M5) further

further conprises . nodifying exposure do es in a photolithography
process. 5 5. RERHIRBHAEnE s FRR FEIPR MANAGHESSE ol al me | o 4)

wherein performng a feedback nodification of said processing of

sem conductor devices (105) further conpri.se di fying fhe etcgh
recipe in an e‘gch ﬁr'aefég&lg aim ‘EPPE"(“M’HC CI?T“éi?ﬁ% "I’hﬁyeé{hl%'%ﬂ‘é‘“%i’%eed‘

clains 1 100 5,fowaed Mbdifiefioh OF Biid grodeshifg Of saldsehiddondictbr ABHEEds i C05Y fitheOf
sai d processing of said sem conductqr devices ,§1105% éyrt her ,‘forrp i ses
modi fyi ng a depBERTe Sidifyinga gerasitian fige RefqdP agi oaf ol skt &

and an etch vtdhtwidd dudikpored€a Yace d?ﬁﬁi@ieﬁ pdEdROSidtah feh pFoe&sess and an
etch process. 7. A nethod as clainmed in any one of clainms 1 to 6,

wherein performng a feed- 15 forward nodification of said processing

of said sem conduciAOhetfley asC@Eimbd AShy bit 6 RiimE 0606, wWheRin FekfoRting a feed-
adj ustments tao.an jon_ inplant dosage _dur} ng, an.i on i npl ant ]é{)r Qcess.
8. An apgér at Jemyagt mpdifieabionioh gridy PoFestings of s2ikteminonductor deyiges (1) Qurther
conprising:  2@mPrided MK adjisthéi® (ol 30 )ion amplait Udosdpt Uduking aiDide | impihAi0)
coupled with said conputer system (130), said manufacturing nodel
(140) being cdpXBBe of generating and nodifying at | east one control
i nput parameter signal based upon a light intensity measurement from
at least two portjons of a sem conductor wafer, under manufacture; 25

a machi ne i nt & f ac’th 3Ppamtus for perforping aprpegiscnteckithe apparpSOMPFFAg model
(140), <28id nmachi peompitekystmt(186)15, 117) bei ng capabl e of receiving
process recipes fr e(l) mansfgciturinr;agg({e?(clt48)r <i:or111p eclirlv)v?iﬁlsai %:égzniter system (130), said
manufacturing model (140) being capable of generating and modifying at least one
control input parameter signal based upon a light intensity measurement from at least
two portions of a semiconductor wafer under manufacture;
25 a machine interface (115, 117) coupled with said manufacturing model (140),
said machine interface (115, 117) being capable of receiving process recipes from
said manufacturing model (140);
, a processing tool (110, 112) capable of processing semiconductor wafers (105)
and coupled with said machine interface (115, 117), said first processing tool (110,
30 112) being capable of receiving at least one control input parameter signal from said

machine interface (115, 117);

-10-



a processing tool (110, 112) capabl e of processing seni conductorl3 SEP 2003
wafers (105) and coupled with said machine interface (115, IReplacement Page
said first processing tool (110, 30 112) being capable of receiving

at | east one control input parameter signal fromsaid nmachine

interface (115, 117); 2 9 SEP 2003 Repl acenent Page a netrol ogy tool
(150) coupled with said first processing tool (110, 112) and said

second processi NG, 8@Rd1odyltdd (190) 2duplcitiith SBd £ ﬂ%s%ﬁ?!oo‘é%&)llgednﬁg
l'ogy d I a

capabl e of acquiring netrolo ata, a_ metrol ogy a procdessi ng
unit (145) cé&tigpecand\propessiag ofrEt1fol Bgysaidonetrolorsdyol (1) deing cambleaifogy

dat a processhofirtPindetrbibdPdat €1 Ng capabl e of organi zi ng sai d acquired
nmet r ol ogy dat(gl;g"agd ez; %’g}g ack/ feed-forward controller (160) coupled

w'h th said _mdet r ol cgpettalegy data pEGYssing nitdi§) O@Fplpiw'ﬂrsa@ym_etmhg(ymgl;m),f
Gonerating  SAqEAAGH dfFRol Ml bl GRS fele Bhabic o trdonl e BN o

them t o sai dmetolpgydata; andst em (130) for nodification of said control
system paraneters Appar at {med i.n gl ai.m 8 erein
sai d metrol ogy toaofee%ﬁ@%e‘?ga%av&rgscg%ﬁ er gfr?gi 3?“"@4‘6 ! Sy "leﬁr.oy‘\’h@ﬁ tool
appar at us, c@iprandisaid compaersygtdnd 130)] Wdpreincnid fedbarkifeadcfotvapt @aeslkr Ng
run of semc or,.deyvi ces. (.10 on m conduct or waf er, means
(150) for aCQS?’ﬁ?%"‘ ablep }rl% 8r6§l/"gtléﬁl‘fd§2°1kra8?n%§%?°(§w ?5'58%8 &Y daaand sAMBE t or
20 devildes (thed)to sidnomplséd system (3300 ufior i mwlifentianr oflahal bByhtdNayswerh NY
sai d acqui regmggegerrgl ogy data, said acquiring error data conprising
det er m ni ng neasurenent difference between at |east two portions

of said sem conductor wafer and cal cul ati ng adjustnent data for each
of said portéons; i

Al Teans (ciLGO%d £ o[a. dgt eﬁrri ni ng whe he:ﬁ?}ﬁal d error
data merits fodi f1cHPEEHS 2D “RURd™ SPUR &5 EAE™ 5710 Jusio (B0 $etvi ces
(105); and neatesonfet@@40).or perform ng at | east one of a feedback
modi fication and a feed- forward nodification of said processing of
sem conduct or devices (105) based upon said adjustnment data in
response to Hai d Adedpparatug)@bmprisiighat said error data nmerits 30
modi fication 10 gahd QRIS P JertimigH ARG A off S S iudid Rices

(105) on a semiconductor wafer;
means (150) for acquiring metrology data from said processed semiconductor
20 devices (105);
means (145) for acquiring error data by analyzing said acquired metrology
data, said acquiring error data comprising determining a measurement difference
between at least two portions of said semiconductor wafer and calculating adjustment
data for each of said portions;
25 means (160) for determining whether said error data merits modification to
said processing of semiconductor devices (105); and
means (130) for performing at least one of a feedback modification and a feed-
forward modification of said processing of semiconductor devices (105) based upon
said adjustment data in response to said determination that said error data merits

30 modification to said processing of semiconductor devices (105).
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