FEEDBACK AND FEEDFORWARD CONTROL OF A SEM CONDUCTOR PROCESS W THOUT OUTPUT
VALUES FROM UPSTREAM PROCESSES BACKGROUND OF THE I NVENTION (1) Field of
the invention. The present invention relates to a process control nethod,
and nore particularly, to a nethod providing feedback and feedforward
control of a sem conductor process wthout output values from upstream
processes. (2) Description of the Related Art. Sem conductor nmanufacturing
typically involves hundreds of sequential process steps, each one of which
could lead to yield | oss due to process drift or other variability.
Processes ¢liHyRACKeANDIFEEREORWARD CONTROh@ArSHYICabibiGTERIPRASESS ng
of equipnent, deterioration of conponent parts, |ife of consunabl es,

fluctuations in aphrEOUTOUAUDRIRLUES FRUMYUPSHREASDPRICCESSHBast i cal |y
after preventive or corrective maintenance. Consequently, control

strategi es are needed to conpensate for disturbances to the system Al
conpensation control techni ques can be classified as feedback or

f eedf orward. Feedback uses neagwaBRbH: ¢h @“?F@?IN\%?@?W outputs to
I

decide the process inputs for the next sanple; feedforward uses
measurenents of upstream process outputs to decide the current process
inputs for the current sanple. This inplies 1

(1)  Field of the invention.
The present invention relates to a process control method, and more particularly,
to a method providing feedback and feedforward control of a semiconductor process

without output values from upstream processes.

(2)  Description of the Related Art.

Semiconductor manufacturing typically involves hundreds of sequential process
steps, each one of which could lead to yield loss due to process drift or other variability.
Processes change over time as a result of a number of factors such as aging of
equipment, deterioration of component parts, life of consumables, fluctuations in
ambient conditions, etc. They may also change drastically after preventive or corrective

maintenance.

Consequently, control strategies are needed to compensate for disturbances to
the system. All compensation control techniques can be classified as feedback or
feedforward. Feedback uses measurements of current process outputs to decide the
process inputs for the next sample; feedforward uses measurements of upstream

process outputs to decide the current process inputs for the current sample. This implies



t hat feedback conpensates for process variations while feedforward
conpensates for incomng wafer variations. To achieve the benefits of both
control techniques, conbined feedback and feedforward control can be used
to inprove performance over pure feedback or feedforward control. Figure 1
shows the bl ock diagramof a conventional feedback and feedforward control
system In a conventional feedback and feedforward control system output
fromthe current process provides the feedback signal while output froman
upstream process provides the feedforward signal. However, output val ues
from t he uihst fesalivapk compsnsatey foroprobesavaridtmik evifilerfetdiotvamrenmipemateslor due
to several reasons, e.g. lack of netrology tools, difficulty in obtaining
reliabl e maasmirewafer vagaies. My dahigwedihedatifitseof Haothreonedidtechiqued, eombireed
feedforward control systemthat does not depend on upstream process

resul ts i sfeBBHEN 86d fodPbivRird @bhtrSledirChe WBSd &PISIIEYE BerfbkrFandPdvitrir&kRE39518
to Toprac et al, 7,101,799 to Palk, 7,158,851 to Funk, 7,401,728 to

Mar kham etfe%g?a@ggr fdegforhalf ntro‘?‘.gpi LEAY isRBWE RO LY (Rt akPoBP BB dntiBhal!

may consi st atures simlar t e present 1 nvention. Although these

pat ents reﬂe@EBaékoa %efe%‘?mdg:ﬁﬂtr&?s%ﬁ]é?ﬁmrd control system for

sem conduct’or “manufacturing, 0 emteach a feedforward control system
that uses upstream process results. None of them conpensates for incom ng
waf er variation based on current process results, and not on upstream

rocess results. 2
P In a conventional feedback and feedforward control system, output from the

current process provides the feedback signal while output from an upstream process
provides the feedforward signal. However, output values from the upstream process
may not be available for feedforward control due to several reasons, e.g. lack of
metrology tools, difficulty in obtaining reliable measurement, necessity to reduce cycle
time, etc. Therefore, a feedforward control system that does not depend on upstream

process results is required.

A prior art search was conducted. U.S. Patents RE39518 to Toprac et al,
7,101,799 to Paik, 7,158,851 to Funk, 7,401,728 to Markham et al, and U.S. Patent
Application 2009/0005894 to Bomholt et al may consist of features similar to the present
invention. Although these patents relate to a feedback and feedforward control system
for semiconductor manufacturing, all of them teach a feedforward control system that
uses upstream process results. None of them compensates for incoming wafer variation

based on current process results, and not on upstream process results.



SUMVARY OF THE INVENTION It is the primary objective of the present
invention to provide an effective nethod of feedback and feedforward
control of a sem conductor process. Another objective of the present
invention is to provide a process control system that is able to provide
feedf orward control even in the absence of upstream process results. In
accordance with the objectives of the invention, there is disclosed a
feedback and feedforward process control system The nethod conprises the
followi ng steps: 1) Determning an output variable that is highly
correlated with the control | edSUMMARYICH, THEINMENBIONN of which is mainly
i nfl uenced by upstream processes rather than current process, 2)
Processing a product with a first set of paranmeters, 3) Measuring the
output variable that is highly correlated with the controlled variable

after the produels the Pinear9wBRshtivé bf By gleaphnigventured mrbinde dresfefotivamnsthod
signal based on the output variable, 5) Measuring the controlled variable

after the W@Q&Eéck‘a%oofe%ﬁﬁ%% EontRe disedmidsnd Regaekesd. gnal , and 6)
Determ ning a second set of paraneters based on feedback and feedforward

signals. 3

Another objective of the present invention is to provide a process control system
that is able to provide feedforward control even in the absence of upstream process

results.

In accordance with the objectives of the invention, there is disclosed a feedback
and feedforward process control system. The method comprises the following steps:

1) Determining an output variable that is highly correlated with the controlled
variable, the variation of which is mainly influenced by upstream processes
rather than current process,

2) Processing a product with a first set of parameters,

3) Measuring the output variable that is highly correlated with the controlled
variable after the product is processed,

4) Developing a predictive feedforward signal based on the output variable,

5) Measuring the controlled variable after the product is processed to be used
as feedback signal, and

6) Determining a second set of parameters based on feedback and

feedforward signals.



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block diagram showi ng a
conventional feedback and feedforward control system Fig. 2 is a block
di agram of the feedback and feedforward control systemof the present
invention. Fig. 3 is a graphical representati on showi ng correlation between
normal ized trench depth and critical dinmension. DETAILED DESCRI PTI ON OF
THE | NVENTI ON The present invention concerns a sem conductor process that
uses rmeasurenments of current process outputs to nake deci sions about the
proper val ues of mani pul ated i nputs of the sanme process when upstream

out puts are unavail abl e. BRIGhreESZRIROIEN Ofe ThiEoRBAdINGRBdback and

feedf orward control system In the present invention, two outputs fromthe
current process are neasured, either with the sanme netrology tool or with
different netrology tools. One of them (output 1) is the controlled

vari abl e and i sFiged iDadiodkdiagtahe sheRMges Komattibahl febdbackeand fdfdrided t o
the feedback controller is the sanme as what it is trying to control. The

other (ougpntkoldstepn.@ variable that is highly correlated with the
controll ed vari able, and hence, 4 related to the variability in output 1.
In the event that there is no feedforward signal from upstream processes,
an estimator is used to predict output 2 for the next sanpling

Fig. 2 is a block diagram of the feedback and feedforward control system of the

present invention.

Fig. 3 is a graphical representation showing correlation between normalized

trench depth and critical dimension.

DETAILED DESCRIPTION OF THE INVENTION

The present invention concerns a semiconductor process that uses
measurements of current process outputs to make decisions about the proper values of
manipulated inputs of the same process when upstream outputs are unavailable. Figure

2 shows the proposed feedback and feedforward control system.

In the present invention, two outputs from the current process are measured,
either with the same metrology tool or with different metrology tools. One of them
{output 1) is the controlled variable and is fed back into the feedback controller, i.e. the
input to the feedback controller is the same as what it is trying to control. The other

(output 2) is a variable that is highly correlated with the controlled variable, and hence,



peri od based on historical output 2 data, and the predicted value is fed
forward to an earlier part of the control |oop. Corrective action to the
process recipe setting is then initiated given both feedback and

feedf orward signals. One exenplary enbodi nent of the invention is used in
controlling the trench depth of the shallow trench isolation (STI) etch
process. After-devel op-inspection (ADI) «critical dinension (CD) neasured
before the STl etch process is not appropriate as a feedforward signal as
it is nmeasured in a different structure fromtrench depth (array for ADI
CD vs per i pshetey t6 the varatdlity deputput 1A thh@vent dhahthere imgo teadfevard signaétragen
normal i zed trench depth (trench depth normalized with respect to etch tine)
and its cuopstresmh pehopzpes,am éEDhatoas sdwao pradict gutpat 3 fort themet Sonpkegur ed
at the periphery is wused for feedforward conpensation. In this exanple,

output 1 Féh@wb@séd @n hivtdric@i betpAt 2(RELrarldthbRagiBtdeRilie RITdd ioRRRH 168N

respectively. A sem conductor wafer or a batch of sem conductor wafers is

processed bavigr pt 881HR S3ritielo re%tlvé et r?%tth@fpr%éshs' f‘éGEp@aSreQ{"Wgt i%rtﬁen

selected to malntalnthetren d{? svmt In preselected m ni muim and

maxi mum t rﬁﬁ%*ﬂecﬂ?u%ﬁ%pﬂﬁéé@b@ k%ﬁ& F‘ﬂarﬁgﬁ}hﬁ etch time, tenperature,

concentration t etc and trench CD are neasured
with the sane nmetrology tool. In thls case, NOVA Measuring Instrunents
Ltd's NovaScan Optical CD (OCD) netrol ogy systemis used. However, other

gé;?l ggy tool S()ln‘!a ke?er%t ?arpyc rr]c\t?ord?r%em gfr tﬁg?gxpe%tigﬁﬁ%sgg ?n gclm roIEPneg tﬁ!\e?rencﬁ
depth of the shallow trench isolation (STI) etch process. After-develop-inspection (ADI)
critical dimension (CD) measured before the ST etch process is not appropriate as a
feedforward signal as it is measured in a different structure from trench depth (array for
ADI CD vs periphery for trench depth). As there is a strong correlation between
normalized trench depth (trench depth normalized with respect to etch time) and its
critical dimension (CD), as shown in Figure 3, trench CD measured at the periphery is

used for feedforward compensation. in this example, output 1 and output 2 in Figure 2

refer to trench depth and trench CD respectively.

A semiconductor wafer or a batch of semiconductor wafers is processed in a
plasma etcher under a first set of etching parameters selected to maintain the trench
depths within preselected minimum and maximum trench depths. Etching parameters
can be etch time, temperature, concentration, etc. After etching, trench depth and
trench CD are measured with the same metrology tool. In this case, NOVA Measuring
fnstruments Ltd’s NovaScan Optical CD (OCD) metrology system is used. However,

other metrology tools like atomic force microscope (AFM) can also be used. A model-



based estimator predicts the CD for the next sem conductor wafer or batch
of sem conductor wafers based on a wei ghted average of the last five CD
measurenents, for exanple: CDpredicted, t = Cl x CDactual, t-5 + C2 X
Cbhactual, t-4 + C3 x CDhactual, t-3 + c4 X CDhactual, t-2 + c5 x CDactual,
t- (1) where subscript "predicted" nmeans predicted value, "actual" neans
actual neasured value and t refers to the current sanple. cl to c5 are
pre-determ ned constants. In sonme instances, nore than one tool my be
used in the sane upstream process. M smatch between upstreamtools may
event ual | ybassdugstimatooptasiiets ding CE fon tes neetewieondaetamgafeoor batshobr r ent
process. Using the last five CD neasurenents to predict the CD for the
current sasghEondlttonafdre based bateweightdeat@ate bif Ve iasnileSDaneasypeoeessed
in different tools. Hence, the predicted CD for a sanple processed in a
particul arfodeshmpagn tool wi Il be determ ned based on the CD neasurenents
for the last five sanples processed in the sane upstreamtool. Based on
the predicted CD and the nmeasured trench depth, the etching paraneters are
updated to maintain the trench depths within the m'ni mum and maxi mum

trench depths ged on the. fohl ow n qsth or var
Tr enchDept hpr egécf"éd&ted bh ét@?ﬁﬁ? é5g CE%‘EEI]FW@' g P §P opé z3?‘“‘?('Cbpr G & é‘ﬁ“a" t2

+ G5 X CDacyal, 11 (1)

where subscript “predicted” means predicted value, “actual” means actual
measured value and t refers to the current samptle. ¢4 to cs are pre-determined

consfants.

In some instances, more than one tool may be used in the same upstream
process. Mismatch between upstream tools may eventually result in output differences
between wafers for the current process. Using the last five CD measurements to
predict the CD for the current sample will not be accurate if the last five samples are
processed in different tools. Hence, the predicted CD for a sample processed in a
particular upstream tool will be determined based on the CD measurements for the last

five samples processed in the same upstream tool.

Based on the predicted CD and the measured trench depth, the etching
parameters are updated to maintain the trench depths within the minimum and

maximum trench depths based on the following equations:



t - CDtarget) + MPt i (2) Feedback: MPt = MPt_i + A x [Trench Depthact uai,
t - (EtchRate x EtchTinmet + Slope x (CDactual, t - CDtarget) + MPt_i] (3)
Control law. EtchTinmet = [TrenchDepthtarget, t - Slope x (CDpredicted, t -
CDtarget) - MPt_i]/Slope (4) where Slope is the gradient of trench depth
against CDin Figure 3, MPis the nodel paraneter to estinmate chanber
drift, Ais the exponentially weighted noving average (EWVMA) tuning factor
wi th value between 0 and 1, and subscript "target" refers to the target
value. It will be apparent to those skilled in the art that nunerous

vari ations and Feedfofvardt TeanshDepthedsahaweEiehRata o héchiyebe Sheex (CHhatitq,
departing fromthe spirit of the invention as disclosed. 7 Advantages of
t he I nventi-o@Dke+mMBL, qlher feedback and feedforward control systens,
yield and productivity inproved due to reduced process variation and

di sposition of out of control (OOC) or out of specification (0OOS)
products. In addition, we note the follow ng advantages specific to the

present inventipgadbackALiMPlY M., A R¥IFRnbRBEbOL S A GaBhREte + BtdiTémabsence
of out put val ues from
Slope x

(CDaciuaI,t - CDtarget) + MPH} (3)

Control law: EtchTime: = [TrenchDepthiarget, t — Slope X (CDpredicted, t ~ CPtarget)

— MP.-)/Slope (4)

where Slope is the gradient of trench depth against CD in Figure 3, MP is the
model parameter to estimate chamber drift, A is the exponentially weighted moving
average (EWMA)} tuning factor with value between 0 and 1, and subscript “target” refers

to the target value.

It will be apparent to those skilled in the art that numerous variations and
modifications to the above equations may be made without departing from the spirit of

the invention as disclosed.



upstream processes. Reduced cycle tinme and cost by determ ning feedback
and feedforward signals sinultaneously using the sanme netrol ogy tool.

Al ternative Exanples of the Invention This invention can be applied to al
processes requiring run-to-run control, which nmay or may not be a

sem conduct or process. For exanple, simlar feedback and feedforward
control may also be used in |ithography to conpensate for the effect of

i ncom ng wafer profile variation on CD. Wafer profile can be changed by a
vari ety of upstream processes, such as chem cal mechanical polishing
(CWwP), rapAdvantagesl ofifthedoyentign( RTP), etc. However, determ ning wafer
profile at these steps requires significant cost and tine expenditure.
Under such circunmstances when it is not cost-effective to nmeasure inconi ng
wafer 8 profile, output values fromthe current process can be used for
feedf orward contik@mostBthdriesdiktdrilfeatifcr@ar) codrrAkostenis] yidaad ptdtuctivity
control CD can be the maxi num tenperature drop during post-exposure bake.

Maxi mum t epRabadédiige @ RRIUGWHIPIcRRSIarRXBA SN RisRRkRN & ARLF BERrAIOAE) or out

difference between the initial bake plate tenperature and the mni mim bake

pl ate temggﬁegrf@aﬂ@ﬁgobﬁgﬁ@ﬁsi S being processed. The maxi num

t enperature p 1I's depe on the incom ng wafer profile. Hence, output
1 and output 2 in Figure 2 refer to CD and naxi num t enperature drop during
post - exposur e

In addition, we note the following advantages specific to the present invention:

= Ability to provide feedforward control in the absence of output values from
upstream processes.

» Reduced cycle time and cost by determining feedback and feedforward

signals simuftaneously using the same metrology tool.
Alternative Examples of the Invention

This invention can be applied to all processes requiring run-to-run control, which

may or may not be a semiconductor process.

For example, similar feedback and feedforward control may also be used in
lithography to compensate for the effect of incoming wafer profile variation on CD.
Wafer profile can be changed by a variety of upstream processes, such as chemical
mechanical polishing (CMP), rapid thermal processing (RTP), etc. However,
determining wafer profile at these steps requires significant cost and time expenditure.

Under such circumstances when it is not cost-effective to measure incoming wafer



bake respectively. Based on the predicted maxi numtenperature drop during
post - exposure bake and the neasured CD, the process paraneters are updated
to maintain the CDwthin specified limts. Process paraneters include
post - exposure bake tenperature, post-exposure bake tinme, exposure dose and
exposure focus. Although the preferred enbodi nent of the present invention
has been illustrated, and the form has been described in detail, it wll
be readily understood by those skilled in the art that various

nodi fications, including other types of processes requiring run-to- run
control, nepfiise ontnue velwes&iom e Btenthspesssi ¢ap e used fos fegdfprwardfcontrel. In

i nvention or fromthe scope of the appended clains. 9 CLAIMS: 1. A nethod
for a feedihéchartindaf east, desdfodvandeigss te oontrall CB wah dm the mpatisiunygtemperature
determ ning an output variable that is highly correlated with a controlled
vari abl e, diopeduriagipist-eRpedurettiakb. Maxmairmltymipefdtuenged duyingprist-eRpdsure
processes rather than a current process; processing a first product
through sapskecidldefiRbd BEA6E SFfarbhdy Bethicehling ﬂslnészak@q.tm@%%ératmw ineg
said output variable that is highly correlated with said control

variabl e %ﬁrﬁ%uﬁ?‘b&@é@mpﬁ&atu‘#@\ﬁmeﬂﬁhgQva@eﬂ%%‘é'n’r‘gt b:’b%efs&ﬁijfﬂ{e"}’ﬁéﬁnﬁ]ng”al

based on sai d out put Vvari abl
temperature drop is dependent on the incoming wafer profile. Hence, output 1 and

output 2 in Figure 2 refer to CD and maximum temperature drop during post-exposure
bake respectively. Based on the predicted maximum temperature drop during post-
exposure bake and the measured CD, the process parameters are updated to maintain
the CD within specified limits. Process parameters include post-exposure bake

temperature, post-exposure bake time, exposure dose and exposure focus.

Although the preferred embodiment of the present invention has been illustrated,
and the form has been described in detail, it will be readily understood by those skilled
in the art that various modifications, including other types of processes requiring run-to-
run control, may be made therein without departing from the spirit of the invention or

from the scope of the appended claims.



measuring said controlled variable after said processing to be used as a
feedback signal, and determ ning a second set of paraneters based on said
feedback and said feedforward signals wherein said second set of
paranmeters is used to process a next product through said current process.
2. The nmethod according to Claim 1l wherein said first product and said next
product conprise a first and a next sem conductor wafer, or a first and a
next batch of sem conductor wafers, respectively. 3. The nmethod according
to Claim1 wherein said devel oping said predictive feedforward signal
conprises @EAIMALi ng said output variable based on historical output
variables. 10 4. The nethod according to Claim1l wherein said current

process i s1.3A higned f@torfaetbacang essiforsaird peedtiss @oned! swtéaldoenprisiig: ench
depth and said output variable is trench critical dinmension. 5. The nethod

according to O @tBhAinMeesebitptlaridois hatad fighRLaitrb aRdSwitH a RBhROIRIEYAriable,

conprise etch tinme, tenperature, and concentration. 6. The nethod according

to daim %hmrriﬁg?n SRhHidhUs .rn%fulygﬁﬂfeﬁﬁédib% Lﬁ)&ltrjetaﬂpﬁfo%egé’es r%r‘tl‘?e?fQEﬁm aS@rnt

controlled variableis critical "dinension’and sald output variable is
maxi rrumtenrg)ﬁrsg,ure drop during post-exposure bake. 7. The nethod according
to daim & Wie¥sin said first and second sets of paraneters

processing a first product through said current process with a first set of

parameters;

measuring said output variable that is highly correlated with said controlied
variable after said processing;

developing a predictive feedforward signal based on said output variable;

measuring said controlled variable after said processing to be used as a feedback
signal, and

determining a second set of parameters based on said feedback and said
feedforward signals wherein said second set of parameters is used to process a next

product through said current process.

2. The method according to Claim 1 wherein said first product and said next product
comprise a first and a next semiconductor wafer, or a first and a next batch of

semiconductor wafers, respectively.

3. The method according to Claim 1 wherein said developing said predictive feedforward

signal comprises estimating said output variable based on historical output variables.

10



conpri se post-exposure bake tenperature, post-exposure bake tine, exposure
dose and exposure focus. 8. The nethod according to Claim1l wherein said
step of developing a predictive feedforward signal based on said output
vari abl e conprises using a nodel -based estimator to predict said output
vari able for said next product based on a weighted average of the |ast set
of a predeterm ned nunber of output variable neasurenents. 9. The nethod
according to Claim8 wherein said output variable for a sanple processed
in a particular upstreamtool will be determ ned based on the out put

vari abl e fAebleimateed scéasdingte Glaist 1sdiateiperaid buganiresess iScelseral ¢tghingsame
said upstreamtool. 11 10. A nethod for fabricating an integrated circuit
conpri si ngprocese\saild ngnteolfddratriabinisdemdthatepth and shidaddputetartabliegisaranceraritical
into said first sem conductor substrate in a shallow trench isolation
(STI') proceipgerdigr.ein said process conprises a first set of paraneters;
nmeasuring a depth of said trench to be used as a feedback signal;

measuring a critical dinmension of said trench and determining a predictive
feedf orward signal based on said critical dinmension; and determ ning a

second set s of DRIAES SLS ARAAY cﬂ&p%a'vﬂqefrs.ﬁds%&srs%aﬂd§ag;gn LeRoRSdrors

signals wherein second aneters Is use rocess

for a next . sSemliCOBRURL, tg}’i"l%%\;'éta;e, ‘and concentration.

6. The method according to Claim 1 wherein said current process is a lithography
process, said controlled variable is critical dimension and said output variable is

maximum temperature drop during post-exposure bake.

7. The method according to Claim 6 wherein said first and second sets of parameters
comprise post-exposure bake temperature, post-exposure bake time, exposure dose

and exposure focus.

8. The method according to Claim 1 wherein said step of developing a predictive
feedforward signal based on said output variable comprises using a model-based
estimator to predict said output variable for said next product based on a weighted

average of the last set of a predetermined number of output variable measurements.
9. The method according to Claim 8 wherein said output variable for a sample

processed in a particular upstream tool will be determined based on the output variable

measurements for the last said set of samples processed in a same said upstream tool.

11



11. The method according to Claim10 wherein said first set of paraneters
are used for a first batch of sem conductor substrates and wherein said
second set of paraneters are wused for a second batch of sem conductor
substrates. 12. The nethod according to Claim 10 wherein said determ ning
said predictive feedforward signal conprises estimating said critica

di mensi on based on historical «critical dinmensions. 13. The net hod
according to Claim10 wherein said first and second sets of paraneters
conprise etch time, tenperature, and concentration. 12 14. The net hod
according to Caim 10 wherein said step of determning a predictive

feedf orward signal based on said critical dinension conprises using a
nmodel - baset. A stdthad or fhbrigutiadizctinsajratearditcuit @bnbrisiigsi on for sai d next
sem conductor substrate based on a weighted average of the |ast set of a

predet erm ned nuBRRIN 49)35 figdtisehri@dnclickmngingftatgieasur enent s.  15. The net hod
according to Claim 14 wherein said critical dinension for a sanple

processed in a ghingGHréhcringd éﬁé'?‘rét‘%@m: hdudiy fafd |ﬂeéjsf%ﬁﬁ»dtr&ﬁbﬁ he

critical dinension nmeasurenents for the%ast sa set of sanples processed

in a sanme t§8faﬂon Kg*f’ ) p‘?@é@s%%ere&w é&g% fgﬁf ise lérﬁrg?%ét’lﬂ gt%gaﬁwgtte‘?&rat ed

circuit conpri provi sem C Str
measuring a depth of said trench to be used as a feedback signal,

measuring a critical dimension of said trench and determining a predictive
feedforward signal based on said critical dimension; and

determining a second set of parameters based on said feedback and said
feedforward signals wherein said second set of parameters is used in said STI process

for a next semiconductor substrate.

11. The method according to Claim 10 wherein said first set of parameters are used for
a first batch of semiconductor substrates and wherein said second set of parameters are

used for a second batch of semiconductor substrates.
12. The method according to Claim 10 wherein said determining said predictive
feedforward signal comprises estimating said critical dimension based on historical

critical dimensions.

13. The method according to Claim 10 wherein said first and second sets of parameters

comprise etch time, temperature, and concentration.

12



performng a |lithography process on said first sem conductor substrate
wherein said process conprises a first set of paraneters; neasuring a
critical dinmension to be used as a feedback signal; neasuring a maxi mum
tenperature drop during a post-exposure bake step of said |ithography
process and determ ning a predictive feedforward signal based on said

maxi mum t enperature drop; and determ ning a second set of paraneters based
on said feedback and said feedforward signals wherein said second set of
paranmeters is used in said |ithography process for a next sem conductor
subst r at e. 14.3THe7mefhvel asondidg dc Cbaidi hQ) wherdih atid $t6pwhdetrmirsag d (fredistives et
of paraneters are used for a first batch of sem conductor substrates and

wher ei n safeddfineantisigatl tdsaadragmt exiicarimensied chaipraes esiga haidehbased
sem conductor substrates. 18. The nethod according to Caim 16 wherein said

det er m ni ngstfAater &Y S s¥R critReOdiRTaMIch for gﬁ@'né%@@@rﬁw‘nc%‘?@u@ﬁ)ﬁ“ isIBétr4te beakd
maxi mum t enperature drop based on historical maxi numtenperature drop. 19.

The met hOdo@%%[gthE dverddebithd fa ek Ef& ?@déierfn‘nﬁé& n@%e?%?eﬂﬁca?%ﬁrﬁ%@i%n

paraneters conprise post exposure ba nperature, post-exposure
tinme, expo and exposure focus. 20 The nethod according to Caim
16 wher ei nﬁgggtggﬂfegwés ‘of determning a predictive

15. The method according to Claim 14 wherein said critical dimension for a sample
processed in a particular upstream tool will be determined based on the critical
dimension measurements for the last said set of samples processed in a same said

upstream tool.

16. A method for fabricating an integrated circuit comprising:

providing a first semiconductor substrate;

performing a lithography process on said first semiconductor substrate wherein
said process comprises a first set of parameters;

measuring a critical dimension {o be used as a feedback signal;

measuring a maximum temperature drop during a post-exposure bake step of
said lithography process and determining a predictive feedforward signal based on said
maximum temperature drop; and

determining a second set of parameters based on said feedback and said
feedforward signals wherein said second set of parameters is used in said lithography

process for a next semiconductor substrate.
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feedf orward signal based on said maxi numtenperature drop conprises using a
nodel - based estimator to predict said nmaxi mumtenperature drop for said
next sem conductor substrate based on a wei ghted average of the |ast set
of a predeterm ned nunber of maxi numtenperature drop neasurenents. 21.
The net hod according to Caim 19 wherein said maxi numtenperature drop for
a sanple processed in a particular upstreamtool will be determ ned based
on the nmaxi numtenperature drop nmeasurenents for the | ast said set of

sanpl es processed in a sane said upstreamtool. 14
17. The method according to Claim 16 wherein said first set of parameters are used for

a first batch of semiconductor substrates and wherein said second set of parameters are

used for a second batch of semiconductor substrates.

18. The method according to Claim 16 wherein said determining said predictive
feedforward signal comprises estimating said maximum temperature drop based on

historical maximum temperature drop.

19. The method according to Claim 16 wherein said first and second sets of parameters
comprise post-exposure bake temperature, post-exposure bake time, exposure dose

and exposure focus.

20. The method according to Claim 16 wherein said step of determining a predictive
feedforward signal based on said maximum temperature drop comprises using a model-
based estimator to predict said maximum temperature drop for said next semiconductor
substrate based on a weighted average of the last set of a predetermined number of

maximum temperature drop measurements.

21. The method according to Claim 19 wherein said maximum temperature drop for a
sample processed in a particular upstream tool will be determined based on the
maximum temperature drop measurements for the last said set of samples processed

in a same said upstream tool.
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