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MODEL-BASED HOT MONITORING 
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BACKGROUND INFORMATION 

[0003] Semiconductor devices such a s log i.c and .memory >N 

*vxce 8 are typicallv fabricated by 
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[0004] T1 he ae some vy of » » fc uctare fabricated' on 

w emiconductor wafer depends on process conditions during 
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1 ithograph io exoo.sure Process parameters such as focus,, 

do.se/- and scanner aberration .affect the shape of the 
v b r»<5n 5 tna W vV >.• X vV 55 r >-V v vV.« 

>~T3T" ">1 Tr<Ss CZ Hi f" f"& '<*>. ** 1 \? A H i <"*"•> >"> i~ K £5- T" Af 
V ̂  \V \KT \^.V V<« ̂  V J* ̂  y ̂  vV S^1 A A VvA £• J V*| S/ v i ^ ̂ W ̂ ^ ̂  

structure beina fabricated. NVV?" A v pvn i ':i ys^> 1 a r > 
A- v w \v ̂  J ,v» v.* ^ .1% v.«- vV 1 cxvely 

isolated structures are more sensitive to, focus changes, 

while relatively dense structures are more sensitive to 
.• * ' d * * • T • T » T ^ ^ 

Cue rx *5 v* s-- O 
b • n ctoaage n.£< v M-* v- ̂  

V > t I » I 
% * net ionaxxt.v jt and manufacturina 

vield is limited bv the quality of the structures formed bv 
•v '®V» «'*<» 

patterning steps, e.g., lithography, deposition? etch, etc. 

[00053 Metroloqv orocesses are 
KJ ^ \ 

:;sea at various stecs 

•during' a semiconductor manufacturing process to detect 
defects on wafers to promote higher vield O jL- v.- a*, <X ^ 

metroloqv techniques offer the potential for hiqh 
• > 
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number of optical metroloqv based techniaues ineiudinq 

scattsrometry and reflectometrv implementations 
<V, n.,. 

associated analysis algorithms- are commonly used to 
'7\o ,•-> ys -j -H •> 1 •} jyuTi ri r'i f1 -t "j m r 'h i »"r 5£" "fs; ><i t: ^ ̂  

X 9l^ V»> *W*' t v\ \f- tC« VV \V .«v v A« \f* VA «•« VA <v» / X X O Sv* X fk }%v M » ^ M « • So O f 

-L composition, overlay ana other parameters of nanoscale r —• A 

i 
W W .ructures • 

v* *> ^ >•> ^ A i s ? n ff ^ X v Vv A A vj i model based metrolooy methods tvoical 
%* \V 

> V V 

include a series of steo -i-> r' .»% O V»v w model and then measure 

»A» V>- X- fc ^VA ,4V VAV!^'^ .>,. 1^5 V ,i V V-^ •.4«s W Cv 1. -i.. f J 1 U ^.v V- \1 d lata Tf ^ 

collected (a^a.f DOE spectra) from a particul ; s*4 X metroloqy 

targets An accurate model, of the oot i c a 1 a ys ceiti 7 .i 

dispersion parameters, and geometric features 
A_i V ^4 

A. JV> 

f: ̂  Y iY\ ) Zt f' 
&{ 4 JA G\ \Jr % lm snectra measurements are collected to 

determine material dispersions. A parametric 
-v* W ̂  

rf(Oiip i A I V v./ ^ X X. V .•%> Vs A t' A f" t' 'rl'fCt' • ' ̂ %A ,rSf 1 r'>*'s: H" 't,v ": t" V>"; 
^ SA *v« V.1" JvV \.v. v«S \m# ,A% v \ \v( V 5 #vw A A CA A A 

optical model. In addition^ simulation approximations 

{e,g,t slabbing, Rigorous Coupled Wave Analysis (RCWA)t 

etc.,} mus be care fo11v pe rformed to avoid int roducina ,-JS 
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parameters are defined, A series of simulations, analysis, 

and regressions are performed 1" .^i -•- v- w1 refine the geometric model 
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• w. 

<"Vb Qvnt' hp f' '1 C ^- rv.Cy^ t" y\;> i ;v f-r&a >•* <£>>•::; f .C>H Finally, measurements 

are performed us in a the library and the Geometric mode], 
£ ^ J! ••+*'•• 

Each step introduces errors and consumes / \ 

Vt iV sxanxrxcani: 

Un L O A -,•£ com^uratxonai ana ' .^nd user t iu^ «. \ > Tvpicaiiv, a rnoae 

building task requires days, or even weeks, to complete 
7 r~< >5- '"> T' "5 7*^ ^ f :h ''A i"\ ' 

A i 1^4^ v^\^' ••VN C«* Vm« X A jT A «k vv ^ ̂  ,*J.' /.v v/ • -- T" t* !•"•! ^ A A \.v 1-? x" >v -J- V< /> ^vwiv-NA > ^ Y\ .,x.GX cu^ V iI>0L ^5 i- o^fil >- rau.t.is 

time associated with r>er.fo.rmi na .reares.si.on calculations 
X ' • • • 

cmrmq me a a u r erne n t, reauces t •S> n ̂  r; ~r vii fhput. o± tne 
^ V-

mea s urerne n t a ystem» 

In additlo.Ti, convent ion a 1 metrology techniques rely 

on .dedicated metrology structures or targets „. In 

semiconductor .raarmfactu •re, and patterning processes in 

particular, procesa control ia enabled bv osrfor'mina 
' «« «< *•* 

I" ro 1 i'\n\-r rvn P j HpH i Qt' *r*' v*A<5 
\»/ Vo "t»v •'*•« «V< v.* Nr^ V 1 3 V? -X-* ^»v »v« '»'» <J'« v,/ V**» \»* *«*• «>• '»t^ V«A V,» U' ••• 5,. ,v< '<»-* Vf' * 

^ A ,-\ 5 f » s%\ 
,t. A A X-» Uv 

dedicated structures may be located in the scribe lines 

between dies, or within the di •'"i 1 A T "r 1 "p 'Tr 'Ci ;ti r-j^.-rs- f"; f 
w w ̂  -vs ^ -X $ <i> V*» VV'W •''-r- V." >4*. H** ^ 

dedicated metrology structures may introduce significant 

?tie a s u rerne n t e r ro r H 
[0008] Discrep ancles between actual device structures and 

dedicated metroloqv tarqets limit' t-V- he ability of metrology 
ri :;5< f" i" O .:-t f"' 15 T' A "f" "i t,/ "rit; f i i" f ^ <; t' :> "b i T ^ /'"> "f" r h ̂  I Hpvi 

If VA CA ^WV* V.v l-A .%•« vJv V* V-* .Jw / i.- \.» A-k \.« V_-b A A V«» v-« •»J» V.« Vvi w \» X. %•«» ••' V v.' rJ3- *-V V--* VA 'J# VA\V 'c '.V. ^W-» \,V 

I e a c u re s x n t. n e a x. e *; • i n o ne e xa mo i:e i*t Q p ^ sa « ca 
\A i,. V,» K»k "v-i A J. M, So VA *x> 

due to location dependent differences in process loading, 

pattern density > 'V 
% r . 

\FS ^ ^^ % r- rX'3» u Ou* v .>!•. V V' l-v w' 'sA W' w V* *• * W ' Viv V Vs l.« v« 

metrology targets and actual device atracturea are not 

collocated. In another example, the characteristic feature 
iL * 

c; -> ^ ̂ ri "T dicated metroloqv structmas arid the actisal 
,Y« 

device structure are often auite- diffe »Vs ^ <£« r% , 
«Sw V 

*' V 
t-f ̂  ^ A v ?& Y*< -y T-
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A dedicated .met:role target ana t" A A A^W £*" >" "5 3 -*5 1 <'i w •? S.K V> ".T- \A S»- V A 
^ Hi 
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** * ^ f A r & n c. « 5? 1 n s i z e, ax A- A V A. V' JW »v V "v*> 

In some examples, CD-SEM is used for hot spot 
>v<,>r% >•' •< •{• ,>•% %,»x "< ,*><a Kv^ H p,^, Cf M^SV/T <V% % f A r* O f yy>f» 1 .»*%?•> •}• K V- /\%%,•*>• J*; TV;% •> v\ 
.I'WAX.I "LI- .i i i vj f 4>* iv' UJ-X 4 Js.^ 1* v3" .<U A> sS l si %>' <?Y Xv.i.i.1% N»4.v»J A A £•»* «i 5 (1 

^ n o n f f/•* ̂ ^ v\v&^ •? oi AT^ K Hr r?> c? 4 ** eti *5 ^ ̂  W I ̂  ?*\ v" *? v\ 
.J-.j. 3 V2 W . l .fc. -I. v.* . J- [ i Lt Ju. v.. V •-• vTi X.. \J'. i. i i.i J. J.'C^ *.y i ».lO A \.« ft .[. 5., U i l v.f VA J. V VAX;/ J. w i. A. J. i i 

line, high throughput metrology In addition, CD-SEM 
f « > S% requentiy aeterms the pattern undergoxag ^ n 1 nns rrt Ar<*rr:£ nd 

thus is not suitable for measuring device structures 
** 

[00103 Future' metroloay abdications present challenges 
'V A >\ %* 

due to xRcreasinoXv small resolution requirements a.n a 
% easinqlv complex qeotaetric structures. Methods and 

^ . 

systems for improved monltorinq n.r ^ S« W he aeometrv of v> . 
a large 

•ZixmhBr of different types of structures during fabrication 
are desired to identify defects earlv in: the mannfacturinq 

•v ... ^ 

>-t- ncess , 

SUMMARY 

E 0 011 ] •ft S? ,hoas and systeifis for rrson.itor.inq parameters 
(-K ^ .v 

characterlsina a se V V of hot spot structures fabricated at 

different locations on a semiconductor wafer are presented 

A A \*» .U v.- .-.V. A y 9 
v'ti >*N f* CC1 "i" v*-c •< rv ; •; y*r\ y,-*% ?* *1 il! J-* V* > 7 J—% \ v*^ O T- J.\ -N •}*-

% i 1. ] Vv V.t 5^ X.i1 «... V.-, .v. \4 ̂ ".v V_-* S.A X. /•.•»' O vji A. \> sA '.v V A-. V.-* lo- v.' A*. vJ C.« L' W ^ Js,^ t-.i A1 Cv«I- V 

exhibit sensitivity to process variations: and oive rise to 

limitations on permissible process variations that must be 

enforced to prevent device failures and low row y.iexa, The 
1 

V VA .A. V,^ •«< .'ametr /"< >~r. v u; tv" " f-=A 
NTt J. j.\«> A< ^A 

A ZlXb 
Ir1 

^ rN t <A J. A V*. pot structure i 

estimated based on measuremen i** L J •\ 1^1 ^ '»> kU X Vi" ^W* *W. '*vl« \A ii ^4 W lis 

j'io.av tarqe r &• f7 
V w abricated on the 'satss wafer as the se sef 

of hot spot structures and a trained hot spot measurement 
W» J% 

xaodex 

[0012] in one aspect, a trainee dot scot measurement 
A 

model is emploved as the measurement model for hot ap .<A <C* 
>ot 
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structures having unknown parameter values. "fJ* The not spot 

measurement model is structured to. receive measurement data 

(e,g^ measured spectra) generated by one or more metrology 

systems a •>*; <>*—' r >, & 
A XV W W 

v"\ VS mare met.roloay targets, and directly 

determine one or more parameters of interest of !-x •$" 
i : -,y <5 n rv: v.> V\/ ̂ 

. j-

ievice struc r ure s i n 
» > tms manner, eacn structure peinq 

cnaracteriaea oy me measurement (i.e., each hot spot 

structure) is different from the one or more metroloqv 

taraets uftderqoinq measurement bv the hiqh-throucihput 

metroioqv technique. Examples of parameters characterizing 

the hot soot structure include, but are not .limited to 

critical dimension (CD), helqht, sidewall anqrle, overlay i f 

etc, In ge a hot spot structure may be characterised 
* 

• Jl n any suitable manner including; image characteristicsf 

Vet >- •? 51 ̂  fx A fVTt rri r "F p. t* 11 T <3. r*v 25 f* ** o y ^ -A- V*' \*i' V-' *-*1 V-* V'> J ».»« -X-. »'^y \A •.,< \A -X- \** V-1 / V-» l«cA V-1- \- A* 4- -?• 'v • •*» _v*» M ^ H ; s V V- * 

High throughput/ inline metrology techniques 

(e.g.f optical scatterometry, imaging .»•> V 
f \j AfVipV f-ii'.fhf' 'i Cn <!' \ 

'.%» V.T A A v«». »V \w» \v \ .V A A .-JL- VA V> O1 t« 

are employed to .measure .metroioav targets located on the 

war ex unae r meas ur erne V- k The high throughout, inline •J «** x • 

metroloav technique -.•rs.'c 
A ^ ^ .< A 

;vpicallv lack measurement sensitivity 

to the parameters characterizing the set of hot spot 

s r.. r u c r.. u r e s f > VAV % +- Sv *\ Y V »*\ A ia V va f" 'f rvi ;:vn t " t" t " i" \/ i" f\ ^ ̂  

Induced chanaes in the structures of the metroloav targets • 

In this manner, a trained not spot measurement model that 
' «> 

relates measurement data collected from nearby metrology 

targets by a hiqh-throacfhput metroloay technique to 
M4 VV 8^A ^ ^ 

parameters of interest of a hot spot structure is employed 

to provide inline metroloaV' of parameters': of interest that 

At'flp rur'; <'A woil 1 TVOT' Vv^ £JVf rsiAh i « 
V A i W .C\ p» -AN ^ o /mi * % Vm^ w k M VA W \4 JW% 0v« VVK A 

CG014] In another asoect, the hot soot .measuxerfient mode 1 
•V ? A 

*"*v ' • • w v^- -«•- ^ ned to establi sh a functional re1at1onahiD between 
A 

one or more e acteristics or r:. hot w1 W V' 511" ^ t" Yi >"-p 1} n He v w bU ^ w 0L1 Vs 4 i V\ 
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consideration and correspondina measurement data associated 

with measurements of at Least one metroloqv target on the 
i_A_« 

same wafer. Bv usina raw measurement da r ̂  ft ft 

{: 5 A- Vw-

measurement data generated directly by the measuremen 
»» *w •« 

1 
w 

system} to create the measurement. modal ••» »V« 

Si a- r \ S*** \»* A> ,•*/ \y V.4 

herein./ the errors and approximations associated with 
b 

•> -i ,<*> ^ *5 rr> f*\ H ̂ 1 W c; £u H m A r* V< £.% 
^ »" • is are reduced : n A Jk 

addition. the ! . ^ •» » > e measurement- moaei is not sensitive to 

^ v ;R t PJT t c P rrrtT « . <:v/rftrnr-1"^ i ^„ p r c K*J f >.VvJt W A-w -iw f .i t b \^« Sv A% ^A\ \j Xj^ Jf \j w 
'*r %t * 

K >o o -j 5 ;-> v.» «.> £_4-. Vj4- w \ j r fa p V-».i W 

measurement model is trained based on measurement data 

collected, or simulated, from a particular metroloay svstem 
* 4* v-» -4 • »*A 

and used to perform measuremen >\ Vv ̂  

v-O; based on measurement data 

collected from the same metrology system. 
•V vW 

The A. X A trained hot soot, measurement models describe — O 

hssr^T n rpc^iv^ rr.p» t* rH v^r^t* ] \? & « ^ntynt .* ,». V*» .A- > > wv.- Vv» V-* V' V \»> >. < |AA» VA ' •«. -!-. V-* •. !•' '-**1 >. * V** f V.A };^i. ^..y .-!«.. 1A* .4-.- f XA ,SV-^ J» .£ >W>" V* V* * V-v 

provide values of parameters of inters ^ c: r ;r; c: <-\ > > t% V"i 1 
W W w 'M jV' W V» fc Rv 

^ r* c;> rf« J 1 >"• 'J T^r? 
^ ̂  Ax Vi Vv« A X .VW % V \>j 

• % >^v measures N V>| f-
^•i v.. process, the oredictxve v- -

results are improved, along" with a reductio r; A A in Gomputation 

and user time. In some examples, the hot spot rneasuremen W KI\ -'vtvnJ Vi* A tV .V 

rioo*^ ̂  'v!» ^ v* Ci ft X •• * •'' • V Vr- •V-'.'-V- V-T- vi W V.V V i v*-» V V-S A A 
!ess than an V* . ̂  >&. » 

I ? Xi 
•» * > 

^ \ 
VV ^ V Hi 7 ±r*> y 

oying a simplified model, measurement time is reduced 

comoarea to existing metroloay methods 
•V M1 M* »A • 

T! ie training of the ho:t spot measurement model is 

pertormeo unat a, controlled DOE {desicin of experiments) 
variation of process parameters {e.g., lithography focus, 

exposure, aberration parame te5 >**t >*-4 

r 
ss * > i*v y 1 { » s\ »f* /s *!*• -*s •S' ,*v \ O V o T. ,L<iy O 1 .i. b ̂  f ^ : t U,li:!I.W 

temperature, pressure and other local \A A, "ii 
A 

parameters; , 

rooi7] ±n .i. ̂  X- er asoectx the same measurement signals 
x: r rom cna same me r; M y 5 rr 

^ 
w;t3 c - be used <*• A 

l-V ^ 
.•> *,^ i^*» *> Co 1 fed lo 

different hot spot measurement models for measurina athe 
A- -w-' 

'\/ 

hot spot parameters of interest. t' n f"; r < 
<Jb> A A V" Jt JL V 5p o t me a s urernent 



WO 2016/182965 
7 

PCT/US2016/031381 

model is trained based on measurement data -simulated or 

measured from the met > tarqets and simulated or 

measured hot spot parameters that include the range of 

V .;"5 1 a I n *"< .i% «_• V-*' W O K< V Vvi A\ V*. W VsV A A kv >.V >."r V> W A\ v<% X*/ \y '.-."r A A \y A\ V.* A* A / • 

-- H v\: -; f- r. r. V •> V.- A A tx A A W O Sn1 V % 

measurement model trained for each hot soot r> Ui Y*;> TC5 f'P> >" f \ t' 

.interest, measurements of one or more metrology •* r.araets 

provx i - • to the hot spot measurement models +- /"V LO 

determine values of each parameter of interest 

[00183 In another further aspect, signals from multiple 
A * Vf' 

targets each measured by mult iple metrology techniques 

increases the information content in the set of sianals 
W 

employed to train and use the hot spot measurement model. 

Diversity of metroloaf taroets and metroloay techniques U JC -y -v> .2 y 

Y^j^rh i i" h P >"*• fs r I >> i" ' i" ;"N. rVr^fv^ •*"*, v" of' *" r-> r-frvsvj-^ y* 

vH f* ^ <s. V VA -A- J.- VA -.4%' A * V-' * 

Thf r\ •x*- ior8C(o^i «v V? ^ s qn fPTTf ^ T v ^ H p o r: r ,-ri i r*t c-\ k h v UU t\^V 4-r y \.< A A\A VAA i-:> w V' V VV 4- I W f V' V 

r i i f'. \7 ^ S Tin r"> 1: '! t' 1 ,>-> ?;i *- -. r\ o fjjCVrV^rA : 'i 7;Vr 1 nn<v S nfl fVffl "5 Ari 

of detail; eonseauently, those skilled in the art will 

L.:hat the summary .is illustrative only and is not 'T JZ. V& 

limit ma an anv wa O 'f <• 
/ \ "J" fc»< ,»H, V 
\v> vii© ' ;:s C|Ao r* "r <5 i ?*c f1 \r<z-. rpA^lVr^^ yoiv "w- w* w ff J* 4. ± V W >- ^ V-.i, v ^ ^ W <r-i W Ui -4s Vr-« <*2 f 

and advantaqes of the devices and/or processes described 
A 

herein, wilI be'coroe apparent in the non~Iir^itina detailed 
£i ci ^ • 

n:£a ̂  ;f< -f -5 ftV •> ••-<, 'j-> ^ p f fc> v^r Vi >y^ rp i n y.< 4-.- -V- S< - \-" 4- <5- vo v-« V.-' V-* V.- >. >. -?• -!• 4^- V« .-^ \ •: » 

BRIEF DESCRIPTIOH OF THE DRAWINGS 

FIG. I depicts i \> <y t* >SiT*'5 *? A : 'i o ̂  > vt J* ii r--1 w r ^,•« v«. ^ v.' JV O •»,» ,/ \J «*».. V.- C> 

for imDlementation of method 110 deDicted in FIG. 2 ai T> 

method 100 depicted in FIG* r*% 

* 
W .-> 

FIG, 2 illustrates a method 110 of measurina A hot 
•• • V y'N *r" *>"• T 1 1"^' pO S L- X. IJ.C j r » « on me r?v^ ̂  ̂ i$ v-» 

->•-rjra'm^n V•« O":, V* >«» 3 kv v,v x x>ea.tbv metroloqy 

tarqets based on 
.V 

trained 'hot soot maaautement mode.] % 
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C0022] FXG. 3 i11ust rates method 100 of training a hot 

spot measurement model, suitable for measurina hot soot 
... ^ 

structures based on measurements of nearby metroloay 
. . vs W r4 

tv vx .wv/vv 4y« A , d. L U ̂  L. b < 

10023] FIG.. 4 depicts a diagram 150 illustrative of 
5.- ^ 

C.-IOL 
A 4*" >\ r.c „tv s vs jv O -1- : i £• 

Oc 

1 IV 
A. .1 that represent valu 

A1 
of r\ » • L r ,-^v 

A. kJ .1. 

0Ci. ach dosaqe represented in a DOE trainina set. 

FIG. 5 illustrates a DOE wafer 160 havina a .grid 

of taraets that exhibit known variations in lifciioqrapbv 
* * locus and aosage in one emb-odintexi u* *• 

DETAILED DESCRIPTION 

Reference will now be made in detail to 

backaround examoles and some embodiments of the invention 
* ...... 

examples of which are illustrated in the accompanying 

drawings. 

[0026] Methods and systems for monitoring parameters 

character iz i-ncj a eft;-':* /-> f- "hoi" <;> t' Y":t" j 'f v -<* ̂  1r A t Y" r?i i' Af'l Af" V? V-* \-' '«« , « «.,' 1,1 v,f VV V-' «v« V AV ««« l*v V»* t- \A C* 

different locations on a semiconductor wafer are presented 

r; £>1, 1 n The hot spot structures are device structures that 
.v. ... 

exhibit sensitivity to process variations and aive rise to 

limitations on Dermissible oroceas variations that must foe 

enforced to prevent device failures and low vield > The 

value of a parameter characterizing a hot sco r KO "5 f'* f* Wf ̂ i V* V* ̂  W V' W *L V' JA W 

estimated based on measurement data collected from 

metroloqv tarqets fabricated on the same wafer as the set 

of hot spot structures 
V. 

— ̂  O — prtiftea hot spot measurement 
A 

modp ̂ i\{ V v*> V «-«-» 

£0027] x X thr-cughpvtf inline metrology techniques 

(e. q * 7 optical seatterometry, imaging, or other techniques) 

are employed to measure metrdlocfv targets located on the i., J .v j 

w a t e r u n d e r me a s u r e me The high throughout , inlin i.e 
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metroloqv technicmes tvoical.lv lack measurement sensitivi ty 
ft* -^ A A JW . ' ** • 

to the parameters abameterizing the set of hot spot 
•N.« 
3 r* v v? /*> f* *; > Vs A c 
J? K' ̂  f Kiit" h^ve ^11f" f i ci nt" «is&rt«?i t* ^ vi "h v r>rO^^^^ ^ * v} ^ t<% %<% \v/ V> i < 'V A A V-^ ^ V v\% > V* V VA V V* O W 

Induced changes in the structures of the metrology targets. 

i n 1 ' 
w « % his manner, a trained hot spot measurement model that 

relates measurement data collected from: nearby .metroloay 
.... .^v ̂  

targets, bv a high-throughput metroloay technique to 
•% .v ^ «V ̂  

parameters of interest of a hot spot structure is employed 

to provide inline metrology of parameters 
%V A 

**•* > 
: O r x-» \>' interest. 

FX'G, 1 illustrates a svstem 300 for measurinq 

characterxst.ics or specimen in a.cCOrdance with r h A V- *. A V' 

v met _ds presented herein. .i- 1\B o> t 
» n P T Q JM. ^ ̂  » 

the system 300 mav be used to perform spectroscopic 
-J- -*. X -2\ .v. 

1 1 "i r*^ OfTi£-0" 'V"\? "{'i K ̂rfKor"! t" -t' f> t" {'NT"! ̂  r*VK" •«*- M ;-J-j- v i vvsio «•% f ::j 
J { .... 

specimen 301. In f 'h -I A t* t" )"•,.& o\rcr ;^fT} {1 i"j >$ t r -t v-vo ̂  nri£* A V- 'i X <K- V-1 v-v vo V-' \-' V* f \- >. A V> -T* V v»l V' > -\V V» i '• ̂  »^3- V • * V-.«' .^k- <*.•£ ' V*i 
• • * * .**. 

spectroscopic ellipsometer equipped with an illuminator 302 
rV A Ji <V 

and a spectrometer 304 T - r A V "V \v illuminator 302 of t system 

300 is confiaured to generate and direct illumination of a 

selected wavelength range (e.g., 100--2S00 mn) to the 
T*" 

-v, I 
•W V-

X * -*"1, "s :ru.et.ures disposed on tne surface of the specimen JOi. 5 ; « k 
V s 

turn, the spectrometer 304 is configured to collect 
" %« %* 

VAHH t' .•"•5 r-, r Trvrf' t' (•"•' '^'r-i y iTx<^ f -f- Vvc:-. qn^fv l "^s 1 i r; r^^'TViri^'A 
.w sA Wv Vv« Vm^ A A w V.V ^ A A W O C>V.Vw A\ *CA \ J V.V 1 A V.> W Vv ^ At r X i Sv* V> .V. .v% A A A% V.- ^ V A i O V.^ 

t o •*>% 

V- A 1 e illumination orovided. by illuminator 302 » « 5 w 
V- A- V 

^ } ̂3 S-" ^ 
-4^. U< *iw c.- d i-W-

Ax 
» the light emerging from the illuminator 

302 is polarized "usinq a polarization state Generator 
A •« A, 

t> n J U / 

to produce « 3 colarized illumination beam 306 V»1 •hp 

radiation collected from the structure disDosed on the 

W specimen 301 is passed through ; Vv Ct -i. Jv <L Cv t- -i. O i 1 ^ U Cv t- O 

analyzer 309 and to the soectrometer 304 The radiation «! » 

received Dv %< spectrometer 304 in the collection beam 308 

' S ana iyzea 
v< 

i.th regard to polarization state, allowing fo Wl td • r-
•<»« 

*t • *v ; 

ci i i a ̂ V w X il? v x. » i V 
Jto V' u/ pectrometer of radiation passed 

X XX 
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by the analyzers These spectra 311 are passed to coraputinq 
^ J* «» • 

sy.s 330 or analysis of the structurev .i.s.v;. 

»v* •*» 
> A & .d^rii r*f -i n r'! (.-> ! «s v&r^T* em 300 include v> CI 

sinale- me a 3 u r .erne rrt technology {i * e *, -SE) However, i" * ± 

aeneral, system 300 mav Include anv number of different 
...* ' .J. .J.. 

measurement technologies 
- .... v j By way of non-1 imitinq example 

<5 
W ystem 300 may be configured as a spectroscopic 

ellipsometer (including Mueller matrix eliipsometrv), a 
V. ^ J. .J. • * 

r « • 
CJ pectroscoolc reflectors© ter, a spectroscopic scatter ©meter-

«« \ l 1* r 

an overlay scatterometerf an anquiar resolved beam profile 

ys* f 1 r-TT^t A f>f> 1 a V ^ k>" r 1 vpH r^nti \ €* •A, 'v-1 -V.- -V. v v V-- i '-C \.« T (wyA.,« .t. U<. -k- ,•?.> y. V.1 J. 4>.* V.* O V V V -V.' V v,5>tk >. v.- y^»v iv sr, '• A' 

reflectometer, a beam profile reflectoraeter, a beam profile 
> ixpsomete r f any A . 

W -k- ± 4-* i ngie or muniDie waveiencrti 4 .«• 

. \ 
kr, 

ellipsometer* or any combination thereof p;; rf hp r-rr'O i n 

<-•5 s.. J. J. Vy 4-.- <LA ,-k. jr 
_4_ • •> 

<A M r: 1 1 A r* t H V^\y H i "t f-'r-,£•**-. r ;.vi3- \- Ci v;V «;».• A. v- ̂ y V*. V»-\.A .,k» V *<+• Jv .i-. ^ i. V,» J. 4. V-

measurement technologies and analyzed in accordance witl ii 

the methods described herein may be collected from multiple 

tools, r a ther than one tool integrating multiple 

technoioci.es. 

[0030] [n a. further entbodj«* v ». ̂  v*- \ A w-
O vr -iv 

t » - V O s tern 300 may include 

one or more computxna systems 330 employed to Derform *%- /N 

v*1 

measurements of actual device structures based on 

rneasi-rement models developed, in accordance with the methods' 
-t: r- >- < K p A r:; p, i r, 

*-v W V' V' lv® X X V'. VU V *x. t* i '• ' r h Os *1< •!< w r-. >•" HAra r'O^rvrjt i —n v^f ^?i 3^D iA,C V' ^ '.W . V*» 1>V VV V' Us A A M w! V v> S*.' 'V MvV W v! 

inav be co^imunicatively coupled to the spectrometer 304 
.i .» .w. A 

r v\ 
^ *• >> A V V 

one aspect, the one or more computing systems 330 are 

configured to receive measurement data 311 associated with 
4%> • 

me a s u r ement s o f the structure o: r- RVi&c*A 3 01 , >v> ^ ^iw i & V<A< A A \* Oyi > 

» 
I 

. ^ "3. 
O Jk A\»-»% <--"W •»*.% 

4 A 
.V» re c oqn i. z ea V 

^ -t r H \f A T • r^"5 "j <; <5 R 
V.» « « / VA V—- l"»v V*' S'—-

i^L O vn 'i' Vv vS A *» ^ Vi u^N*» ^ ^ rJ, w VA ^S-| * X >><> tv<l cne •fVra A'H t" disclosure mav foe carried 
out by a single computer system 330 or, alternatively, 

4v .V • ,J| ' 
a 

muiripre compute 
A- v-

^ y s t em 3 3 0 • L> Q.» ' *V4.' •M. 'V' wu* V* N*' V '.V Ob' f OL> A '.V1 0dw< W A w- V 
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subsystems of the system 300, such as the spectroscopic 

eilipsometer 304, mav include a, computer system suitable 
-f o T c T v v i o n^ f 1 ^ ^ v M -V vV- V V< J£ \<-K A J*. VJ '-V* ^ SJ% 'v SA1 VP* 

:3 f- ^ ^ T" t"* ^ £> 
V^- C\, ^ ̂  xV «LA« .4*. A A V L* V V ".•*> 

C?r r" ;S> TY-S5 H & £>; "t" T H as*.-Hi 
VA V' Xv* Vp*k Ow- ^ %V# 

herein. Therefore, the aforementioned description shou sulci 

not be interpreted as a limitation on the oresent invention 
.X ... • 4- • ' 

it merely VA J. J. 

^ i 

^ 1 M> <51*Vt* i t'-j.T> TT-irr-f K^r r "h & r\ri .is r N v y-^ 
«>• A. ̂J- I'.J v.l 1.1 ,4. V -V. V/ i. V %t. <•« A i, A. ̂  • Km4 4 4 y.V * 4 A. ]' A A. 

coraputina systerns 
.V -V -A 

-V l\ < 

v> 1~V\-A V *N«-* 
••A 

rared to perform anv 

otne cs r 
w «iv< V fv1 

J \ {&) of any of the method embodiments describe 
i * 
A A A\ V.» .'.V. >. • 

[00323 7 T") •**-{fi ^ t" "? f^TT i" h ̂  f'Tinirvcr?" v \7tz ;• -A {} xr<^ v i""»« y J *C%K sA •%% ^ ,*J.' vV v \ J V %* ^ «k\ ^\v >4 ^ S* O «.vA\ 5" vj \ J. 
* ^ ^ ^ 

n^ t ̂  VP* 1 v r^cunl^fi i~h^ z-}&>t* vr\roprp "i04 i rt :snv \.» vA» * V-i< 4 V»» M.» *<- -X- S V' V V* -^ k.-K v-« .J., <^y V-v V:-- «A< -S 4- '^y v- !S/ v *.*»' «A. .A., '^»U.J\;,I V-1- \.' -V.. xJ1 V» ^ .A.< ... ..< W •«- v < 
^ V. V • • • s*. 

m a n n e r k n o w n i n .w F o r •Jw \v >-v example, the one or more 
%N 

r>, computing systems .J-JO mav toe couoieci to computxna systems 
.—• •«* *v .V. J. .••• 

associated with the sr>^ ^meuer 304 In ano the r examv1e 
4« 

:ne spectrometex 304 mav be controlled directly by a single 
rs •; ^ Y> c> \ f" <:>» m {-- r^. 11 1 »r^ H v> « s; ? c: r A A 

V' 'V* Vr ^ is O y jO- \. \.v •f*"' ^ ̂  VVH w Vv 'V W \« X*i V' *-%« 4v <k) V w w \-*X< ̂  ^ V v * 

[0033] The computex svstem 330 of the metroloay system 
-5 s 30G mav be eonflaurea 1:0 receive ana/or acquire data or 

information from > 
» 

n . hp. <5"! "1 Pl t* ATT' <5, A T f ('.p rT < ^ 4% ^ ov O f -4^ \? \t sv*> v u% 5^ ̂  ̂ vJ \ S_A* I s v ^ SA* • Sj 

w V V nmeter 
* • 

504 and the like) by a transmission medium 

that may include wireline and/or wireless portions 
ti 2% 

} rx 
-V. A X 

> c> 
..« A J. .-»% >».» mannery v ^ A A >wv »Vb ^ XV }yv «%% V«" A A medium •fia v tr ve «-5 CJ. x > cl H t" -S,AW U \ 

A 
4 

S.A 

link between the computer system 330 and other subsystems 

of the system 300* 
[Q0343 O•"yrfvr,'i J t'yv ^ U f Tf-At~'rr'> : ••">c* \J 

i K C J^V ^ .Vw W \ \v J kt sv Sm' V4 A\ %? y \ Kv Cv Vv» / U 
4« »4 

•> n n i.{ i t 5 
KA i f-'- * 5: ; \xi -5 \? 

.J. 

be conf.iau.red to receive >'i / I**"1, v a '"lH1f>} i ^4^ il; ^5 f \ V*1 "! rt *f* f"''. !•" A ̂  \ r'"l ̂  k 1 / Sf* \,«J \i ^ . v" vv4\A .v C A Jv« O* Vv \t^ AX A 

(e.q measurement results, modeling inputs, modeling 

results, reference measurement results , e.t c,) from other 

•£*•• J O >w-- ^xi !• ... Kv, ^ medium that may include wireiine .> oy a transiaission 

and/or wireless portions. In this manner, the transmission 
,v: •' meaium may serve .vv 

Ci data i'i.nk foetween the computer system 
A' \K 

330 and other systems (e*.g.> memory on-fooard metrology 
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s ystem 30 0: , externa i memory,, reference me a su. recent source 

320, or other external systems}- For example, the 
v b computing 

V 
55 * ? ystem 330 may fee configured to receive 

measurement Ci A tt" r- ̂ r, 
S,A k«t V.,\A V/4 k a •v. v-

'v t 
w w 

* oraqe medium {i * v« * f mamorv 332 o As 

an external memory) W , V ia a data link pV^v y •: r* o t" jv(-v « 
A> .xk- is J. v-»» X £ \v s,4 f 

^ V\ £N, .•"> . . ^ 
K:J ,y.-» .1. y-trai. results obtained usina spectrometer 304 may foe 

w tored in a permanent or s em i-per manent mem wsaiory device 

I e.g., memo r •Y 1 'H 2 t A .-.V A A «v- Oi ̂  V^« < memory). In this regard, 
J j£3v crppp .4 y y\v \v o w .u 

%% 
trai results may be imported from on-board memorv 

Hf f1 rrvm •; r; ,oy f' 1 'frYt"'s v \?' v? \'f ,0?Y> T * A TV'*"S 1"'}"V<^ T" V" ."1 RV;"''' 1 sU 
%• «C\ i .1 A VV %1\' .ii\ % % \A /J.' ,Vb 1 k t V >wV^ V b V .% *v« .4* \ r«v. i »• ^ X X 'W V V /A\ Sv . f 

.<.. V •. ,»*v v 

computing -system' 330 mav toe eonfloured to receive reference 

measurement data 321 from a reference measurement source 

(e.g., a storage medium) via a data link. For instance 

reference measurement results obtained usinq a reference 

rn.easu reman aystem may be stored in a permanent or semi 

permanent memory device. n this regard, f* b\ reference 

it measurement resuita mav be imported from on~board .memory or 

from an external memory system. Moreover, the computer 

system 330 mav send data to other systems via a 
X * ismissxon meaxumu Fo.r instance. , a y> ir YA 1 

v «» -*** :<r 

not f\r>tv 
CJi XAW U »W> S.V V 

%% 
parameter va 1 u e 3 4 0 de t e mi ̂ •ed H-> > cornontf •A V 

v.y X-. 
*% 

cystem: 330 may be' communicated s ? ore d r n •\ v^ c.i ± i £*« xt" ̂  ^ /fy \v v»* y ̂  ibA i. 

memory. In ano ^ ^ n £* v% 
V- A >. V' •>.- r a ho t -J V-* v-« Darameter value 340 

determined bv comx>u-t.e.r system 330. may be- communicated 'to- a 

process tooi that causes the process tool to adjust a 

process parameter associated with a fabrication process 

step of a semiconductor wafer fabrication sequence based on 

'-S* * ife value o "S* ^ VYV-"^ Hr*" > ^ A rS ^ i. Luc a L J..^ >d J> ^ one parameter characterizing the 
A- -»* 

hot s O' o t structure In this re " d t T>"V ci; « > > y- ryj r; r ?" Q *s > 1 o 
A\ « W O W VA .v- fc \Av A A JW% Jsv A\ 2sv 

mav be expor ted to anot svsterLU 

10035] Computinq a-ystem 330 may inc 1 Xo f n ? s r *5 ^ 5 s* •noiM 
• « J. V *»*> •«* 

i im x te a toa pe 'T v •omputer system, mainframe comouter X \< * A-
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system, workstation, image computer, pa ^ • » *:a. » r> Y* Ti C- <!*•*? •££ "**' 
k%^ A W O A% jf r\ r 

^ X-. 

any other device known in the art. In general., the term 
V* * 1 WiU w c • .^ncr svst, •" mav be broadly defined to encompass any 
device havinc? one or more processors, which execute 

• W-

instructions from a memory medium. 

[00363 Proaram instructions 334 imp 1 ernent.1 n.a m@th.ods 
aV 

oA W . ><£<£* 
V ̂  V. described herein may foe transmitted over v 

transmission medium such as a wire, cable, or wireless 

transmission link For example, as illustrated in. FIG. 

program ins 4-. 

V.V Jb% ^ ' - ucrc: /•v**- 3 A A A <sv vy A -r erect > «i mem- '*N V < s ^ r ^ V V.A .v. r-.v 

transmitted to processor 331 over bus 333, .Program 
fc 

A 
1 nc -r- } •? -i~ > v> C; 

cO "v» V% %»•< V J} 334 ^ orpH n fo^nrrr;ri r > —^v,. .. W vu v V .V- V •!>. >>A ow J. A W vxi Vv .V* 'V A- v ou V. Ail ;n ;r> H .^5 V} 1 & TY* f-i > vr:> 
StX'i* k i 

.» i e.q., memory J32} . i- xemp x a r y c omp utu ̂ Y' A reaaaoie me .p 

include read-only memory, a random access memory, a 
\4 V 

magnetic or optical disk, or a magnetic tape. 

[00373 xn some exam r*. c> a mr^c-, . building, training,, 

and measurement methods described herein are implemented as 

an element of a. spectrashape© optical critica 1-dimension 

metroloqv system available from KLA-Tencor Corporation 
+ vv 

\ V 

Mt • V\ n T- A ^ V Ci ̂  
1 ^ 4v ^ v T C 71 j*. JL- X! w1:»l*» ilt Cv f V* w1 i*A > 

•» v m tnis manner AH Jf the model i® 
created and trained by the system 

[00383 some other examples^ "the .model bulldinq and i, 11 Sv^iltCJ 

training methods described herein are ira^IaTuenteci off-line^ 

tor example, nv a computing system implementing AouShaDe® 
A \V %S »V 

software available from KLA-Tencor Corpcrationf MiIpitas, 
<"N ... 1 -s forn > » rP ,A. .J. A. 'v^ i. i. J. f V.' ̂  A * J. 

O • J 
» .% ^ 
t k 

\v v,% \.i - J, v. Lng, trained model may foe 

incorporated as an element of an AcuShape® iiforary that is 

accessible by a metrology system performing measurements 
n v-\f- t" ri;:;ri Hot' {\T1!'") t' tT'S^ ?•'< •=>TJ T ^f' 
i. J A A sv \m+K S»V V^i" • VA W CA A i ^ A X A sv 4 J kwv 0w% \vf A 

r 

model is employed as the measurement model for hot spot 
^ ^ r- i 1 ^ a'VI i ur v^n VUf»S .v P> a T. Cli Li^s V- ^. vai A Thv, not spot 

measurement model is 'structured, to receive: me a su r erne n t data 
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(e,a., measured spectra) qenerated by one or more metroloqv 
• V * «« v« «V 

systems at one or more metroloqv taraets, and directly 

determine one or more parameters of interest of hot sr>ot 
c\A"*vt i ^ r"i j vio K2 
\A V w vy A\ /NA Vk# U4 ^w4 &xam s \ I v / 

,*v K-i v> «vx T**' •> x v> /V A* CXUrC; w£T 1 X> t..'.1. Ci .L sK- ^ex X /vi.i tU Ot ^ 

the hot spot structure include, but are not limited t o f-t 
Y' f ̂ £ A. .1. K1.! .A, VJ'.C dimension {CD), h.eiqht, side wall, anqie, overlay, 

9 'V r . r ^4*1 < 

-n* 
Vr» W V' in general, a not. w hot spot structure mav be characterised 

in anv suitable, manner including im mao;e 
• 

/•* K ^ ̂5, ** & Y* x £5 4 o 
V,- 4. -t-vA -i-*- ̂  V-* V- w ^ ^ ̂ VH.-* 

various Geometric features or patterns, etc. 
%V > 

T V"N /v; O tO .j, i .i vj' i i v.. 

>. • 

r p -p •*- r 
V-«w 1» '. '< 1 > , > . , ••: •?*' n ,**% y --A >-*S V *--> jv «• /\y*s -v /V'«^. >•»v-- r\*f* .,i. t.v i i>—• O X cx L/ii.1 a i d- iiO t & pu l 

^ A A ' i. 
.-i.- O VA 

5 . V-- U /CA . tio.n where two ad/iacent Pii-*v> hot o re s i s t patterns touch ea ^aon 

other where fchev should be separated toy some critical 
«* 

v-N; > m Ofc rv C* %\ ^ v* 1 ̂ iiu\i^^x v-> 4.^ < This type of hot spot is often referred to s 
• J. *« X 

\\ bridging •" In another example, after a lithographic 
step, a hot spot is a location where Cv metal wire is 

thinned excessively, or shorted 

[0040] tie * 2 illustrates a method 110 suitable for 

implementation bv a metroioav system such as metrology £* A «JL --

system. 300 illustrated in FIG. 1 of the present invention 

In one |M -V v-< w 
r<r\si$ ̂  
S^v w w f it is reccqnized that data processing blocks 

. i • 

n ^ ir ̂  c> d 1 1 0 V JLV % U%v ̂  AAWM O- A V mav De carried ^ v V.A V-" W 
\ V" •> 
V* X ̂  Ci p r e ~ p r o a r amm e d 

a .1 q'Orithm executed BV one or more processors o'it comontrnq 

system 330, or any other general purpose computing system. 
* A\ 
< < 
-1- V- is recognized herein that the particular structural .v 

::i ry T <i r-, -p wf;; r rT> 1 Arr\/ SVSt eiTf 3 0 ̂  aspecus or meu.roio .v 
>. $ n ̂ n n r' r ̂  y ^ ̂  n ?' 

limitations and should be interpreted as illustrative only / * 

[0041] •T" V»« *b-V ky } L il X , a wafer is provided to 

measurement system after an intermediate process step of a 

c> f;vm-j <*s' O >'• d 'i 1 f' A k! A i" y- i'Vvy ••"•A H An t"vA 'Th-^ 
vV A »\ w W .v« A\ VA Xy «V\ .v« \Jw «k \i* \4 i .1 s%4 Vv f i i 

«N 
w <3- i-. e r 

'' n {'v 1 ' : H A <s A J-N " vyy— 1 -i -f- v; f qf y t;f*f n y^o Sj!" 
.V>». J- J J.- VAS'vi.vJ-- W >,4 •*,. \A.J, ,4, V N> X* ^ J.V-» X.-* 5%. O ^ V' W ,i, V W O- a first 
>""> ] d i •>"• O ] ^ ^ ;-v> T 2 ,•-> pi ^ OT; •••"> >"! r' H (Al^ f jS .y 
js> «V« VAA^ C> V V/ Ci *%* • * Vf' • • Sv* i i N / «V So »• ̂  

^ ^ r ̂  v> ci j ^ A X A Q. A. v,» X C5 .1, 

includes a plurality of metrology targets at a second 
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<uLcl± A. L V OL iOLvdLa>Oiib O.L.L Cilte wai0I IleaV V* af • • A, V.. different •I* VV\> ... s 

the first plurality of locations. 

En an optional block {not shown}, principal 

features from at least a portion of the 'measured data are 

H'*-> t" A fYAii Vv.^l r*1 n ^Athpwp't"'! ;'v>vl r f .'TV'Tf-P t' 'i r'\i" ft A t* %k> A% 1+ A $\ i VA Kt1 (A \/ S/ A A (A J1 ^V*4\ \v,l X \y V * S^A {A %(> A> \>\ A A S/ .<1\ i VstA « t i i ̂A 

. i 3 reduces the aiaension ot tne measured data. 1n s ©me 

embodiments, the transformation is the same transformation 
employed to reduce the dimension of corresponding training 

f 1 OVPH H r r\;o, > f, •'hp' hfti' ^ JlOl" pvp. .a ̂  i r rp'Tif-1 H1' ^ 1 VA w VA A Xw ,^c V V SbA VY Jw% /X A J S^s A -k ,i A V\» V^v J kvVv (A %A A\ *.VA( 'X / vv Kw V.O .X # 
\ %x ' ' i% 

[0043] In block 112, each of the plurality of metrology 

f• .3 raI* ^ r r h^ } •>•> r^ } i r v Af: } o — i ^ 1 1 1 "}TT<•* V>^ -k- V-j Vs •K- ^}. i.o J. J. v^j \-4 Vw* •> i V-» A« -X- \A •L. %J.. V- V \/ A. V V4 \A w 'A-.* V A* * V*e A/ w •>.« fK L ^A A 
AA. 

by an illuminator o v* 0L» !v-5* metrology system {e.g»f illuminator 

«*y V \ T «>r ^ r> <r> v- -x ;| r .ft o m v • .J*- 4- 4- Vj K.-" 4- 4- w «W £«#• *4-. P ~ * ' * « _> «? \v v -*-
<v/I>. ̂  v% A » ,^'i'V f ? o >? c ̂  v% ^ W:T* > ,,v> A F 
V v- .4* W vU W* V} V V ^ 'V vr <«* V I Cv \t» vLi v^> >1 X V •!• 

xtvetrDlogy systems employed to measure the'.metrology targets 

K* 1 .^. 
v*. 

ys lie same metrology technique, or combination of 

metroloqv techniques employed to train the hot soot 

measurement rao&ax « - *i 
i 

Kv - rt r ,r a r 1 v f t' r-. p. V_-», A A v.* m£; r r v* y A* 'V.« "s.-- JL% \> 1 r">ry N / ]" A TT* £• *' ̂  ,-jv. V.»* \.^ y L« CX- j.-. \i» \w» Cv w 
.«» «< 

measured by the metroioav system, or combination of 
V*. •>' ̂  ^JL, * 

raer.rox oqy s ys t ems are tne ssnie !». v ̂  o ^ypes of structures as the 

metroioav taraets employed to train the 
• «* .J1. Jv 

\ i 
^ y*, rW 
i > f V > A A v* - v.- ?"';,;j v 

measu i iXt- A^b r V.V % 

[0044] Xin block 113 
/ 
an amount or light is detected from. 

aaeh. of the plurality of metroloay taraets (e.o;,, by 

spectrometer response to the illumination provided 
.v A 

t to eacn o .t v ^ A A VV plurality of me — v, s. v \-*j y w k.r*. ,k vj \v v., v..» 
AV '^n A A >. 

addition, an ataount of measurement data (e.g., measurement 

data 311) is aerierated {e,d ., by spectrometer 304} based on 

^ detected amounts of liaht.*. The ai^ou nt o f mea s u r erae n t 

data associated with measurements of the metroloQy tarqets 
«« «S 

is received by a computina system (e.g., computing system 

s/ V/ ^ 
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C004S] I a block 114 r the value of one or more parameters 

oharacterizinq a hot spot, structure is determined, based o.n 
the measurement data and a trained hot spot measurement 
rn f\ ;:> 1 i /-v r 'ft >:> r V•; T) >V1 l soot measurement mo 

• w. • .1 

described with reference to method 100} *nen a 

raathsmatical transformation is employed to reduce the 
. . ... 

dimension of the measured data, the value of one or more 
4 

P J%si ^.v ^ rv^r :A f1 A NA -v y y\ V*N y-> y* ** A >v A ^ y\ /•* ^ fa. Vs ^ 4* Y*\ .«"•% *•* V'H ^ Vs X-cUTU;; >^;*£ v^iicix ciU uX. xHvJ li-u/ u* £>pO u U^ Ui. ̂  

determined based on the principal features and the trained 
jt \ 

hot sDOt measurement model. Try i" H •; n"!;vfjTi*» r r*r$1"' Q;*"If" '•C\ A A ^wvA A Jvv «k( k*^A /» ' v ̂  jp A .4 %• Vm* v»« vv 

parameter values are determined, based on the trained hot 

err*or rno--; K*> S*> >X '-v- wli i-V1 
C; ' • ,k\ 

«-L VA UV «i« v moo^ -n vr» r~"} i i c y 
\*X Js X \m\. 

•S> Vi r>, 
* » i * V Js A v reduced set of measurement 

o > JU v> W * 

100463 In brock lib, a process parameter associated with 

a fabrication process step of the semiconductor wafer ,v« • X 

fabrication seauenee is •r * 
vv > . rusted basei d V *s p. ^ r; he value of the 

at least one parameter characterizing the hot spot 

t" rrif^t' < • y A The hot soot measurement model is trained for 

ail me e? "i i C* «vJ-

^ . * 

^ •? i •*y \t% x L-J J. J* 
Si | ̂  -y-

» .1 > 
« « « \t> 

"l \ process vamation space defined 

bv a Deslan of .Experiments (DOS) set. 
% • 

TK 
^ AA iiUs, a mapp 1 no; r 

determined between the process variables within the DOE 
%« 

process 'variation space and the resulting hot spo:t' 

pa r* t » :i 
-L- •• W -X-. FIG, i depicts an illustrative diaqrara 

150 includina exemplarv data points 151 that represent 
4V X X Vv 

values of CD, either measured by a reference measurement 
aystem> or simulated# for: each dosage represented : n the 

DOE training set. A functional relationship between CD and 

i: A q 1 ^ ^ s f A h ] »lV w v< V' SJ v O* L» -uA w <i v ̂ .ivvv ^ or examoief Hv f h f r 1 ci a ot i r v^ 1 >j.«' y j... w v* A iy.\ V*» W> «X» V V' a 

^ C" r-L 
!;. 

2VW* 

to data points 151, 

[00473 In block. 115# a correction to one or more process-
parameters is determined based on a measured value of a hot 

spot parameter and the mapping between the hot soot 
,V .V . A- X .Y*1 \« 
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parameter value Ce+g,^ C "~s \ >s- o} M >•; f !•"- A A VN 
VA A A V)|. V- A'AV A A V«* S> mo r e proces s 

rvq w$rrt£i f' p p «J . s^> yA • * .KV—v *v^ .L. example, po mt ^ r~ 
» k*«V 

.1. X-* 
•"< i 1 : ilQ t' V>;vi' } A. U. .T? 1.> 3. 5.1 «w. C\A ** n FTP 4 

\A 
« *>-̂  r> A o <:": n t" ^ A *Tt A «i > y & H \r ̂  "; 

v ,<% W wV J L ^ W .S< t.vl# O r*4i %v V^S ^ |s«J» «e of CD associated with a hot 

^r-At 5> 1'" T ' ' ft'f" 13 "ft>"}ft: t" "ft ft> 4 "ft,-:*ftt V>V A t" "ft A 1 ]")f-1 d 'Tip;-! c>-{ > y\^.>yu:vr;/ft ^TiftvSp1 1 W }sV v' •<, >wV Jw*. <w>V W \> \v VA \v» W .-Wt' «J k( A V -i w VA ^ V.» w J-J&" »\% A t W V\ At 5-\v O IA ,^V- XV .1 J.* v.«- A A W .uJ'W VV-.-' *<»> 8 8 

K*. V Si \ *• AZ /v/N «*• V* A A ^ A *! YN AV'**> 'f' A y ,lls 
O «k> j. A-.f Hs*' V;;K sl^ 

? *» • ^>5/\ v*^ *? V" A }- .-X >.*% A •{*• K A i. U. O .X .U .£? u L O o £ I ^ v* u uI* *£ 

process dosaqe such that a subsequent measured value of CD 

will be within the specification ranae between CD*..™ and 
^ •V * * 4 + \* •*•N 

CD:»it,. Based on the functional mapping between CD and 

•H:o hi ii ui ;*< r> ^ ̂  ,A'O s\ y *' ') /*sr> A f^rsi s 5s' i c £i> I"* ~v"ni'? >*wl i* V\ ii i* 
V k*5 v f ^3. %A\J \mi J, -i, ,x V'* i i ^ ',1 j..v\/0 yf* A. ̂  v Jv.« v X Kt.X 3 2 \.l w A "C5« v.-

should result in a measured value of CD that lands in the 
* . M 

>Vi "i .•••J y*< « «••> AJLLQOL.I. ̂  o 1". ,*-V <1 

lr> ^ r \^ r-A> •;; f 1 ^ ̂  »' 1 . r-\ fy^ 
l J' >.» O >.» %J« 4ik A J. A. CA A J« ^4 

[00483 The example illustrated in FIG, 4 is presented 

^ V 4 i i 1 Mi^r v\.^ i "s?*r;iJ f . SM A* A W W W.A* V\ V ^ 'V V< ^ V<< V V V w > in general, CV mux ti ̂•dimensional 

response surface can be: created that relates the DOE 

process variables to the hot soot parameters of interest 
v» -X A-

"i n Ti ̂  f ft. ,^r m ft -. ft' ^ Y~ A TT' ̂  t" A >** c> ft> ,^s .W ̂  ^ .k* y^#4 ^ A ^ ^ 1t ^ ^ ^i i. 1 ̂ y^j ^1. ̂ A Ay^ 

calculated to drive measured values of hot spot s« parameters 

of interest within specification based on the muiti 

H: ^ 1 r 'vT^HH Y* i* '>4* A> >AI \/ 4- v sv >v> V >• v \A .-A- Av vv Ks Sv v i X W V v? »v> .v> VA \.« V • 

Y %Km \ determined hot spot N par amecer vaxues z, >- ̂  
VA ̂4. 

XV tored in a memory. TP AT . X. •«/ V" 4 tr \^Vi k < vU ».«*» ^ t' V«*" 2 aevice paratrieter 

V a lues may be a tored on-boarc it" h . 
•-V measurement, system 

*% 

i r* f\ 
s5 s.t ^ jfT 

-P K. V** -v- example, in Taemory 332f or may be comrminicated {e,gw 

via output .signal 340.) to an external memory device^ tor 
axanv 

. 4i. 

/V» 'V, >V, 
C-^ _ y-*% i > 
W £ VA A >. external memory .device of a process 

4V*. 

t' o n 1 v- '.>/ V* • 

In another asoect, the hot soot measurement model 

*: S St«* 
K ^ . f • n.ed to establish •£• -f v y> 4. j- c* ,j. u r i c s..'.. tional relationship betwee 

X 
5^n 

one or more charaotariatios of a hot soot structure under 
A 

consideration and corresponding measurement data associated 
Ji 

wi measuremen A jr*. «{-• o .L <u. L I *• • ! ;;V <;- "v" 
.v. as't one metroiogv tarqet on le 

£: rf t & \>i A Vs 
V»4 •••l,A*J-V«* «v V»v A- v** 11 I » « » 

< 
*> Tr-A n ̂ •.<>• >" ,0 A •'"*!""' ^t" riiftt' 51 T'P !•"><:•. •; ru't 

V«r J>'i SJ A• f \/.Cv \Tt A •>• t«* 1V^ '*•* VA «W* >xv *•« V V v.J sr ^ 

characterized by the measurement (i.e., each hot soot 
^ C i!a 
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v rn r ^ -r \ ! *5 :f* f rvi- ^ vv/\m t* ^ .-\y\ <\ >•• r>>y-V^A*!" .*\ 1 * .* 
kw^ w w u X.\> I f-J* 1 \i-i 1 U .i ,L vxli w.i i ^ i i w ,L ivlVv L ^ ^ j V 

targets un.cierq.oinq messurement bv the hi ah- th rouahput 
m e t r o I o g y tech n i qu e., •V 

I 
I 

OL '.n some examples, at least one of the 

T': A1 fV'vf\; f~ ;-• rat" ̂  i A i ^ t% rxnrvt" v> r A / rr <^ \n» VV W A* V W S \> X>K ^ W w> W \> V \%> w W ^ ̂  w v' A\ \ ^.V • Tv 5 r< pv ~ i>; T-\ A .'"•l <-t 
x\\ A\ X X «wv <v ^ Vw* W 

aratino, 
...» mJ f 

£> y:< r> <-•:> 
V> 4 V\ ^ .& i V*< 

O v^v v >**s •-• yv/\ ^ ~L> A ft/J >'\ •, f v .•*•***> O f* t t «'v > > v*v>\ i» ^ Uu uX tv ̂  p rvi"Uvi O w v .£ v ̂  *> >- i iWv I, u ,^ 
-r\ Flash 

ievice scruc t, VOX . ••. T'-i «L. v.<* DRftM device structure, etc.) IT1 SO.iiJsr: 

es, one or more of the metroloay taroets are the same 
" *0* V 

type of structure as the hot spot ^ \ A 
«-» » : 
\V W <A>. •ucture under 

measurement, 

[00513 By using raw measurement data (i.e., measurement 

-•j.3 
k*. generated directly by the measurement system} --•> ^ 

* V.A Vo ••! -V V-* '*.»-• 
-V" 

t o 

rv y A :^: f'' £-* w v' v< v V' 
•V% 
<V« i i e measurement: moae * f ci w described herein, the 

errors and approximations associated with traditional mode3 
.v X 

based: ri.etrol.oav methods are reduced . 
',.' »V 

In addition, t* ̂  
*•> 

measurement model is not sensitive to systematic errors, 

asymmetries, etc. because the measurement model is trained 

based on measurement data collected, or simulated, from a 

particular metroloqv system and used to oerforr 
<>« •** *t»-. «i4 <X 

a 

C' 'mr?TT#.u >v- V> « oaseo. on A t "--rement data collected from . *15. L.< 

TC'i^ T T O :i O O V ^ \; ̂  f-w Vt <1 Vs^- ^ VV%v^'" W* 4* V,v V w V Vwi^t * 

The trained ?r» -fv 
> i A t;:nnf ~ n n ^ w M KS V4 J k V \V v % V»> 

%« 
ift 

..r > ]' ? [-»• >-<. ": < 
ir»V SV W ^v« .%?w ed 

nerem. receive measuremeniL a a - i:.a » % 
•£ 'K";it5 {-•" r ; yr 
A JL% <»> \.« "S.--

:is anpuT •"•S v» 
cviiG. 

provide values of paraTaeters of interest as output, by 

streamiininq the measurement process, the predictive 
V* A 

results are improved alonq w^ith a reduction in computation 
« W At «W* 

and user time. In some examples,, the hot spot measurement 

moaei can re createa in less tnan an hour • n : \ /\ v> K v y 
LiOi 1 f K> v 

empioyxno' a. sxmDi 
. %V A 

IT: mea s u r erne n-t time i s re era ce a f 

C*OPTf'A TH t'f"' ^ v "1 <i'"h •; rt <"'1 j>":s:;r h"w"y\7 rr-At' V".<; •••V AA\ JSV Cwl* »X% V> ^ tv\ l».v \% •«<.*« Jy A vj' X\ » s%* W JL> /Jb*. w{ S ' %f ^ X A A 

[0053] Tlie trainina of t.lie hot scot measurement model is 

performed nndar a controlled DOE (design of experinvents) 

var iat ion of oroces s barameters (e.Q., 1ithooraphv foous, 
JS>4 1 A % 
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exposure, aberration parameters, overlay off-set, etoh time, 

temperature s c, n v . 
-*• V-» .L. V.» •t and other local or Global 

parameters) After training is complete, inline optical 
T o 1 A'^tv fr, nnp t £-* i n A °V t% A ^ A S or ~t n t A-'i to H \V\** SA' JW* S.V .J*- •.» S A X '/V fV \v» i-A' ^ w s\\ A X V.' v v VA' .-.»?• .vt A A \V Jv .v» \ \ 'v \V \V V.A V> V \vt- » > \ •.« W '• 

-V. A • »*' 

10054] FIG.. 3 illvs.trat.es a method 100 of training a hot 

spot measurement model for .hot spot monitoring in at leas 
.... W ' Am? 

V-

rs n 
A > V' S' 'V aspect Met- hod 1 0 0 L b suitable f 

i enters tat ion oy a met W ystem such as metroloqv 
.'.J. 

r « 
•-» VSf'pn' H A i 1 iTi^fT^t'Pfi 1 r: "p T H "1 r« f t" H <:> fa ̂ n V \ r«y/.o r; r < „-\ r; 
\ ^ CX ^ VJ A A iw ,V% X A\v fcV A.V W i X \V X X 0 X X V%/ X X 

In one asoect, it is reooqni£ed that data orooessina blocks 
A * KJ 1% J 

of method 100 my be carried out via a pre-programmed 

Vx -V X m executed bv o,ne or more processors of comouting 
.•* A-. ... ^ ^ 

system 3 30, or anv other general purpose computing system 
' A A .V- V- ./ .C 

i 
1 *-• 
1 I 

. W is recoarnzed herein that the particular structural . . . L ... ^ 

aspects of metroioav system 300 do not represent 
M. ' ' ' .V *A T*» ••••*, 

limitations and should be interpreted as illustrative onlv. 

The training is performed in the recipe development phase 
ct V- f« 

r'\ r t" V"; yfi :> r\ l l 1r A '("} \ ri .-"T n ^ ̂  ^ 
• « \T% '» I lVvV X X «V% VX X« A« X X ^ W v%/ ^ 

r r'•; n "; nr* o *' r rT^ toryr ^not" A. 'U J. i. J .i.l Uj v.- i i\o X $.\± W 

C' ur :. moaei is not performed A- \J Ax eve rv VV -V— -»NJ < S V-* « rw\ V-\ px. Guu O i. i O: i 

j r.i-«. ' 4r ,A O1* \,KJ r v'> iVt Tw S-v 4v 

In block 101, an X I I X V-> ,X. i l \ J A. 
yk«. .v^ 

C«S. •>,') ^v*- v.^ set of hot spot 
•-

KJ tructures to be fabricated at different locations on a 

wafer i s reoeived bv . ̂  computing system (e.g., computing 
r AW A ̂  ̂ fV1 ^ V x t !• ^ i0) In some embodime n r ^ 

AA WW / 
|»\ «A A> ,*% jT*r 'f- ^ 'Jv 0> •>•»» ^ v Oil iiv1C bpo V 

ts 

L11 r* r *j "J r » 3 t.- V4 j ^ r<ti> i* 4 ^ H\7 A ^ i: ^ A v ^H on A*v*r^^ vs 1 (\ r"\ c\ Y 
'.V. >J3 VU' W , k .iw k V V.1*. y , vJi- VA X-» V«« A. Xy IVi v.> V--- VA %»' i i 1? v A-. .!•. V-«- A A V.V* -vV f S>' A'. W A'w 

iTi e a B 1 >•(> men o s »*-v •** .*x 2TCV^ £Z V' *?* ]K d y^ r*i ^ O "+% Vs 1 *f t' M Y*&s <2: li >"0 .•. X X v^* \T» t' J9.. 1 |.t,v K»^ .j, \J i,«* VA '»%• %T* ^ Jw- w 

parameterized by the user in any suitable manner. Thus fi 

S; v\ 
< ^ * 

lis ^ V :^:'. i c^> f* H <ti- A f" hAf f iirt'i ' ^ Tt H f K1 V* V1 > VOU W^w 'v' I >** 1 i W. (v 'V1 v X» i i V V >V> v v' V M v* fv-V >5i v ^ w i V OLI «L 
' .V-

param.eterizat.ion is communicated to computing system ^•'3 ft- K-* 5 3 U .0 v K** 

^ser iriD < 1 •-
«1» 
VA V*. * 

[00S6] sf-« * *.• \ -V -*N -*!J * > 1 «L 4 »*" 
• VN .>/ I 1 k v^, >; ,»*•> vl -^N *0* V .K\ ,1 J.) .1 \5f\ X V f <x.n X i ikl.X.d 1 O: : A. > V;i i,. ^ ,1. i < v v V <A >x 

\« v« 

targets to be fabricated on the" wafer at locations-
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.L x. J> ^5 II >... JL X O i! i. I ;L>^ 
1 V fv T k: r\ r\ rt v\c> "T A / ^ .,X *<> l l i J V.- ^ A A'V.^ 

.'k',. /\ }* v^ ;U>\^h .C c r y s ^ f^ *5 5 T* ft k«* sA **%«* *«% \«« 

are to be fabricated is received by a computing svstem * 4 

(e.g., computing system 330). In some embodiments, the set 

A f JVJ-A i""' ro 1 <"v>v"T\7 t-.:>-fTJ-f^ f" ^ ATid r yv }"> Ps Vv TT: e *" ^ T '/ ,;:51" C> n "'• £i nif^ri sv X\ fW kV b^\ %v "w*: ^ w M X Vjj \.v \> W V %* VA w v v Vw4 A\ (hV \A *ix CAA 1 r W W AV CA ^ ^ v v O ^ \v \j\ A V \V X*V 

by a user 3 1 •'} »•!•>."*% o •->.+* <-N i f'v -N •>•-•*: •»* i*% vv 't •*,"' >" % r'l »vc>*-.^— v» /\ 1 <->^ v •/ ^-* -y ,'^ c" i iU ^ i e i- \5 .i P r.5 X,''t;uu*3 UsS;-:. .L •*, vs CI htw >..- .1, Q iUMV « X. O k 
• • _!k' •W4 

t&x,s 

is communicated to computing system 330 by user input 

[0057] * V in Diock 103, an indioa ion o. a process window 
:t ' :. "> assocxarea wit Sw x A one or more process parameters associated 

•V• *W-

u? %{ *f" to ja. ^ '>^0 rvc* o o *h *:*?*> nr *i f*\ 
A .iw Lv.i i ?.«t. V v y J*.** Jw-. W \-V O O l,v W JwV ^ X. .-J.'. \-^ 

«S *• V 

>r f o arid including the 

intermediate orocess step is received bv a ccitToutina system 
A %% J% %« 

(e,g.r computing svstera 330), In one example, the set of > **} * X -wf 

process conditions describes different points' ii a a ace or 
^ ' 

% 
% 

.**V M i r- f 
>• iV fa.cns and dosage settings 5> 

% 

T n r""' 1 .'-"I f'* V" 1 >' \ /I A ^ ?' v.*v i "t "j f'\ f- t' r 
kw. .1.1 k»' v*« w A. A. A yr v \A.J».\4 v.»' A» 5-. AAVV V .-.east, one 

parameter charaoterisina the hot spot .structure is 

estimated at each of a plurality of process points within 

:ne orocesa window ̂ In soma embodiments, computina system 

330 determines the expected hot spot parameter values 

associated with each process point within the process 
A< JV A 

windcm at each measurement H. » i ~r A An ^ 1 ;TS t w V V V% * < VV W! Vt< vis VV W v,>>. i 
^ 

X*. 'V VIM. 

example, a process simulator is employed to define the 

t-expected x. •ve spc % v W V, ot a - :- '^rtr'St" 
s... s- t-r % * .^ir f l f-' W V.v W Q JL% ^IKS U\,*« V.v \ -.1% A \.V. « jT 

2k '• > 

« " a 

aeometuric or ma taxi a i parameter 5 for' a aiven set of process-

parameter -values-. An ^ w v exemplarv process simulator includes 
.Vs v 

the Positiye Resist Opti.cai Lithograpny (PROLITB) 

s imix 1 a t i on s o f t wa r e a v a i .1 ah 1 -e f r om KLA - Te'nc o r C o rpor-a t io n, 

Miicitas, Califo V^' ' » » n ^ a {T T.S A) T ri i i I ^ ^ £• A jr % UA A. A VJ i i \A> ^ u\ u f a «ny 5 
T'fVT r* ^ h r3 i i pt. o *rv r- OA 1 r>-:p v t^H kH thi f- 'h <t; ixtV11 V^» V «-«-» Jw >!• i W >*' .V xxii '-•is VV V' ^ >L V- W W JL' xt V Jv' w -v.- Jfc _k V*;v» Jy C<' %•». W. ^V"V >V .W A v OA J. >. V«A A \I-

^ * o rs;*vr''A f\ t t' :(,"5 ~i patent document 
o 

(e.g.f Coventor simulation 

sottwaxe available from Coventor, I.nc 
/ 

("* zs Xs v ?• XT v- 'K 
^ A. ^ ^ V.- i i 

\A ,%v *5 »! f "J £} ?L \ 
-i. V <•. .1. .1. J. Q j|f ^ \ J f 
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C0059] 1 A '-** A \ t ''V ^ X X V ? kJs*1 A t V A A |P • \T» %' ^ \^ VT4 i i u v .<*n£Vr 
A 

parameter values associated with each process point within 

the process window at each measuremen s £> ^ r- <z>> ^ o v.- >~r v. w A- <0 < >a £> u on 

actual me a 3 u r erne n t. 3 (e.g> t reference measurements 321} o; f 
<"Vf: WAff'1 TV: K U?;-i "P^T'<5 Kv A >" c'5 -f •:;> y its t'\ C <-> f>VA"j" T t v'i ~\/ •Q.'ST ^ > Vv \t^ W \A A% Xt1 V A> ^ V»y A> StS X AV } ̂\Vy( \y , N» O V ^ **«: r &;m 

e. q. reference measurement source 320) The -measurement 
<5 
W ites probed by the reference metrology system include "h o T 4. A V 

soot structures having one 
' A • 

Or more parameters or 
2* 

interest 

tK^'i" Pi t> V r'hiri rpfprpnpp H'iPVOO'S/ ^ \? t" P-iTs t.» i, 1(A V.-* f.4i. .u v.« i J kV.^ \A K J Jw% *w-« V.A ,K«.' y w i i .i> \v j.-. \.« .v. , Vv i ,i \> \»» ' v.« v-* Jw-. V.^ >X*. V.** \.<t V O V v_» V-» w.tl V. 
/ %?» %\ 

I n 

aeneral. the reference mea-B'uraroents- mav be performed bv orn 
,t« f »V- 3. 

c; or more rerer^nce m >av systems *. .•I «w. 
"p. \r v? s \ r fS j? r*. «*%• y> .U> V y\' y ^ A- Ks > I 

rV ^ 

1 ̂  ;T V rrr^ > ^ X «!• w ^ «r A X t .•js 'i^.' A 
•V »> * 

r\ 
CI Critical Dimension Scanning Electron 

Microscope (CD-SEM) 
%* 

/V • \ ' -*» H (k.« V -*» ' v "J » » <»>s 
< vy> •> ^ -*% • J > \ ̂ "Wv v"S ̂  •"» v> I ' A v\ /v r ^ V.™ J.; •*•• ^ * L< i, I i 1 b- i. O i i OiUo-i, JL- aUi '<;?• A ^-ci-y 

^ r' A t" f' e >"Ofnv^ t" P r {' C* !*)•^w. iX V O \ ^ ri & i" f>rri •; p PA rTvl ̂ ( h pM \ Ky \/ ̂A . V/ *Lte S ̂  iA\ >wy *w> 4^4 ^ V y j VA « % J1. A J.tfc * A . \t« »L % A Sw»a S> \/ \ X ..« ^ 

etc. may .oe emi Dyed alone, or in COitU^xs latlV!:, to v-1 >-
t f ^ 

.1: 

>^ererence measu rements of -?> 
Cv 

|^v ^ V 0> ^ \A-- ^ ^ ̂  % .j v> ,^v Xi^ ^ bJKJ U b ^ UX, c? ^ 'T^*^ sy* ^ .r\ { « «i J—^ >\ K-r A- AA V« U-1 ^ 

measurement fcechniques are unav " 'L o be used f ror inline 
V% 

metroloqv due to ID* !*.n.1. U^ i. i. W U i.. t ]iiah measurement 
^ . -ncertaiD-t^' VA V 

A 
for each individual site, risk of sample 

Sestruction, etc. The measurement by a, reference metrology *L 

system may De pertormea en #e 

W J >. 
fif! > p,|pc ^ ̂ r- s ^ >-> r o r c'"> 
ViwO v « V.A \v V A-. \.« \»» v-« .V. W 'i-»' '»-• vJ». V.' ^_v* v •» 

device-like structure's located, e>cr< in the acribeline 
* ^ 

araa, to mate tbem more suitable for reference rnetrology 
•;.w; v" C.* wi Gi-il mAr 

In biocK 10i>, an amount ot measurement data 

associated with a measurement of each of the plurality of 

metrology t \A J 

* y 
.Y» 

aets is determined at each of the plurality ol 

ocess points, within the process- window. 
A A 

i n some 

embodiments .<•"> V' xnq system 
Ol 

^ n O 3 v d* tp. j- v-tfi "i np<? ^ y-p,pp f-

mecr^ / taraet parameter values associated with each 

process point within the' process window a« *• eaen m.easu remant 

A 
j 

a : j u o n a s t . ablation. For ex-amp J Ou. V- f 
J» ^ f? C: <T! 
^•V <Ju* w ^ v 
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simulator is erncloveci to define the expected response of a 
A A W' . A 

metrology target parameter (i.e., a. geometric or material 

p.aran?*- r} t or a S~1 V ^ o process >^r v^ t /n* W S v V1 V" > T \n 
< * 
A A 

&dH i r "I Cin t" ^ nc •- v^ t" ̂ -TP ^ () *• n >'•r; t VK ^.Vvi» \V\ L» .J*- •_« i 1 y w. i k\ Js'1 ,^»W- «£ 4- ~r^ >.V ^ V*-* ^ \v» \ M ^ w V* V-» ^ kt S»^' v\\ .Vw^ V Xv v*^ *w-- \v V> A% i K •» vv i vV 
• 9+ i+ -V-

simulator (e.g., RCWA, etc,} to simulate the raw 

measurement data ae.nerat.ed by the measurement sv.stem (e.q. 
* 

<3 
W ^ A ^ ̂  V *** ^ SC0P1C £N iiosomev- daoicted 0% 

H 

«,A i^u 

•>V% *>\ V^t A I i44 n r iG+ x) fo] V V- 5-> Vi-i 

_,y target: • 
•-v .«* 

la some other ernbodiments the measurement data 

associated with measurements of each metroloay t&raet at 
«V ^ 

e ha.cn process point witain s . 5 process wx.nd.ow xs paseo on 
actual measurements (e*a., measurements S ^ ! ' »« x A } of one or more 

DOE wafers by the metroloqv target measurement system 

{e. g T" h >o -1—> A A >wy r^i:^ t" >>-s"i ••"" vO ] 1 •! TN^v^ir^Pt' .^ r O^rv'f \ *'• "PTiC 1 \ K+* Hv* >.%• I'.I «w Vt1 Sw/ J^t1 A« % A. ̂ v1 j' *w#* V?1 VA* «»» Vmv. \4» \.A ^k» A A X A. f A. / # 

The measurement sites probed bv the metroloqv fcarcr* U. a, r u v-

measurement system include metrology taraets havina one or 

fi;> T"' A T .••• TT- *:I> t" <\ r*1" 1 >"• i" <::> f c. o f 1" K A t' A & TPA-" !~Vf >"^rl i"> N i' r H cti Sv SwV VA Sm- k Vo Vv^ .Vm A A W V.v X \m* Jyv Vpv w J. i CA V»> rv4 A% % f ^ V.v w A*. VA KV V w !• v V-* 
«« ^ 

metroloqv target measurejrfent system* 

In some of the aforementioned embodiments 

$X- or both/ whe reference hot s ,ry «V» •p'O U- me.a s u r emen c s a i 

.v . e measurem <;v of the metroloqv targets are actual 

measurements performed on one or more DOE wafers T ̂  f" V; ̂  <5 o »V. X X V*' .V .V O -'-v*' 

embodiments, variations o i one or mo re proca s s paramer.ers t 

cv V-ructural parameters, or both, axe organized in 
C v%' 

a DOE 

pattern on the surface of one or more semiconductor wafers 

for trainine a our Doses-. •> «x 

» * in cms manna x. f t v • ^ %r ^ r' £> :*v » ^ T> ̂  
X' ^ V -<• X.V A A v,. Q. y i \T4 

r?: astrology t&raet measurement systems interrogate different 
V* vl .V v** 

IOCS--V 
< s on h" ^ 

W ik« «fc- XJ.-' wafer ^yfA r rr^rA^rj^^d t* V. A A 'v4 V* Out >%*> *.ijt Jk. ^v-V ^*-v^ 
C-S H *1 Vs Nv 

5> ul i, different 
va1ue s o r one or more . J-* r> f T\ Y*O *"• <v n A r 'A ^ sx: r r'\ J f * r':": T pt 1 \V «v% rv* %•* \V A% ^wA } k V >V Vv «vw Kv Jf JU VA W A% VA #vw 

%? 2% * 

parameters, or both. 

[0063] In some eKampies, a SOS <=• V-» < j of metrology targets 

and corresponding' hot spot structures is produced on 
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^ .1 i : U X. 'w Vtfct .1, I For examole, the DOE set of metroloay 

targets and hot spot structures may be generated by varying 

anv one or combination o s "F ^ f T lit" K y* A vVrt f 
* ,!<, \v* «A< i 1 s*' v( V .vV V v '*J W lv« ^ V* A V^." V' Vj»* VJj* 

dose, aberration, and overlay settings as a function of » ' -V. .v» 

Location on the surface of a sinale wafer. In some 

a Psf^TP c? ?\ £ tr» -t*- V*' f? 1 r\ 1 F t" v* •** y* O ?*vrN ^ 4 ^ 
JL«^ L.J «., O A. Xu\t- JL. *1.' .J. . «w»' S* v.' t A .f. . V#*. V' V_t . I 4\.S J- W 1^1 i.« i.i *».«t A. A.'. '.-J. "• * * ».•%..- •». 1 > 

-U-
;; V' C spot 8truetnrea 

v« 
is produced on several wafers. F o r 

,e< **vamp w cae impact o*. , o f :n A -f 
i > J 

A V A > Vs •*v ,%\ A* M arions m process pa^^wvw 

;:h.at affect the entire wafer such as deposition time, <-v K 
V.v Nw-- > ̂  

time f wafer level lithoaxap'hv focu ' %v ^ «t| 
«. \.y p T" C V--1 \»v ir can r'" he ex'D 1 ored 

A J-. k- -v i O. vJ v *<- V-» multiple DOE wafers < m this manner, the 

•mp3Gr f 
J<*"N >YY •>{ 1 *»; •>> >Y% ^ >"** *r\ 1 ^ S. ? £3 t O :oi V\ /*"N £' "ir—a. »-> ̂  
^ X A l l O ''vi V* \-V A.i t«\L- W -«W. S*-» \*> V| j£ V^S 'AJ A A -i «!• Vwi X V*' v5 S»* . V 

parameters of interest from variations in process 

p a r: a m e t e r s 1 s e x p 1 o r e d •£ 

[0064] The L« V ininq taraets may be provided on a 
v»- v 

separate training wafer or on a production wafer In some 

examples, • - .metroioav tarqets are 
0% % J 

>. 1 f\ /"* -j" <;•. /-S -; ?-> 
\ 4 4^ \ 

'*>' %V. "f |f\ r-*V k •* >*V .*\ t> •>..,• 11 D 5.^ ,JL n e 

o'«r A rvrr^H 1 ir* '*" 1 o^ x* w i>- ..i, vi v.- .i- s-^o. J. yv .w. * In some other examples, the 

raetrolbqy taraets are located in the active die area. 1 > 

* vv 

[0065] In some e x amp 
«"W • 

Zi o iTi f i :n t Lk V__- A.w uj. ct iTlaS.K Or 
A 

set of masks 
inoludino DOE variatic is aesiernea co MJL i-. \yAXk) 

•S'W ,VV |V% VJ < K ,-N »Vy Sv -v' »: 

Wf1 
iuce rraininq 

%• 

wafers• In some other examples, trainrna targets can be 

i.ocatea witnin proauenxon masKS, ? % i n. a ome o t n-e r ex amp i e s, 
•!-X ,-\ 

s> NA.5. «1W X CX. ^ •^' V* *v-6« f i TP 1 V {•-',^r,rrf"! 1 I^H hv thp4 
w V V ^ A V: Us V Vk w A w ^ V1, vV1 ) Vi A >V A V W- V iv 

tVs \\ ik 

^ . L • 1 ' . ju v-1- ....%.. . .. i*"v •'N "•** v f*K » r"! -r- T- -S vy y,? ^ -r- b-t /\i T- y\ >-s .»-* -{ t yr\ ^ v*1 >Y< -r ^.. Oi i \w, .j-. vJ .i. C5 Lv v.-, ,i i 1o vV ,i. v..Aiv,- •,.< v., tl: ̂... ,L ..t. iU« .ftv.CJ. 
> 

- ; ̂  T P A1" >" "T A <5 J • * * .-. \.« >«4- W vA .v. \y v.- % I I V A.J. O > V. J-r 

In one example, the DOE pattern is a i ithoaraphy 
/ ^ locus / QOsaqe r>ar.rern Typicaliy, a DOE wafer exhibiting an 

\V. A- ' v* 

ocns/dosaae pattern includes a arid pattern of measurement i. V: 
,v 

o \ f- &. o T y-'i H H i f Art' "i {'"iTI / A ••"} t * *'*> A 
•> .» 

fN « -$•- £;* f-* r "5 n i »X% \v \./ \y. ̂v% >. ̂  ? r - P 

focus is varied in the x~direction while the tocus in the 
\/ — .~N: i V" r-^ I"' > /•--• ^1d constant In the orthogonal grid 

direct ion (e * g,, the y-direction). > 

y t tl P |P w w ̂  v dosaae error is 
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varied while the dosaqe in the x-direoticm is held 
r\ <£ r r\ r 

'«.«• A ».? k., VA A "w.- v Xn tills manner, measurement data collected from 

the DOE wafer ^iuaes aata asseexatea wit a \ 
f*| 0*U^ 

V.' -W ̂  A A 
V U A. W. ^ >ns xn 

lithoqraphv focus and dosaae settings in 
,V X Jl ./ 

the x ana y 
(""jl f "i A'fl *'-x r ,•*> f- v s,/ 
^ ks A . VT1 i % KA # W V»v S.* W .4» V. S** .\k Y 

[•j1 y n 
ik »%> Sv« A 5 depicts TV") ̂  v.\r A •pf.-N r- : f> M 

navmq a aria .»4. x. targets (e.g.., r ̂  rt JL. • L' bl ) that exhibit 

sensitivity to variations in focus and dosage. A-. The IQVU 

varies as a function of location in the v A iirection on tne 

•"'OK w^ f\o -f V*' K> £_4\.1% v.* .4-w xv> 160 The aosaae v? v~> CI 
V> V-» •as a function of location 

on the £• wafer; 160 i >**, X X >w* h ̂  f r ̂  p r T ***• 

...Q -v .t. 
/ 

m i.«i-x-slocfv tarqets are designed 
-v* -*X v* 

or printability and sensitivity to c V\ ^ia i iV.< •w* ri >-> -y c. C <s 
£»' «X< V V' W V» 1wx 

parameters, structural parameters of interest, or both. »4i *n 

serne exampiesf t* >'l'A i ;'V*TV tp TNf?pf *5 ^ r',« qrViiiJ-"1 "f } u '7£sH 
itk w A. ^v. ^Vt O K* \/ 4/A CS A» .A. AV kA 

t >ACf P "T* <3 V V.A -A- '-J Vx' >\» V- ..aat v\*> nnr t*h** *" vnp ^ ^ ^"hp rorf^^nr-ridi nn ho-t \A .*.. .t .i v V.- ».*• 4* 4* V.-' !.**•>< S\*» V- -f r-» V»> »..i w V •?- J• V** V-v V «V.. V* 's? r-» V.' ^ 4- »*<• -.k- ^ X v«fc A > V* x-s 
M. -X ' X ^ 

spot. structure. \r» 
» 
A i some embodimentsf the metroiocrv tarqets 

are based on con Xf&Tl f '» ATI ! line/space 
Jt 

% 
% 'A T n'Af ^ tk-. X*» V.v KA .^y wav or 

non~l ira.it i <1 na exaiTto.i.e, 
A' A / 

CD targets, SCQL targets, or AiM 

tarqets mav be employed. 
vl ^ A- v< 

l.n some other embodiments, t he 

metroloay taraets are device like structures that are the 

same type as tne |V, >%' 
I ziV'i.ri ^ 

c« «% 

O-' "~'n > i 
V. -» ». V X% nature, j >^t ' rt x X >. -i V \ Vv ^tner 

exam es the irietroiogy targets are device structuredF or 

nr^f ^ -nf: ^t T%Iic*t \i^^^ Ppo^ rci i cyf r h& ^ vr>£* of £-9 V-' V* ̂  ̂ ̂  \»* »>,« VA w* V* v ^ V* W 'A- Vo •> A* t Vv v\ ̂  VA\4-^ V\» v^L ^ v i- W / £•> v> «i.* 

metroioqv taraet empiovea,. a qp r o 
W V« W 'M' V- Ou. 

.<v -V .j \ r"V V*J.-V£\ ^ C' 
Cv X A >1- vis A A v -is ^-{ W O 

»V .•** 
at 

£" Vf i"; i }"t "j 1" so"n "i i" "i \ri" x/ i*" o f ^ r> 'r :i: :;s >" t" 'f An ̂  <5 1" r^'s's .'"A i" 'i"< X'::: 1 / V v v .v> XV W W \V % v O /Jb' .v« \ .Jw V w A A -%v O V %v^ .X \ A ^ \v v.* ^ Vm* l%i V.41 CA .X 

variations, or both, beinq exDlored must be Provided t 
* •' -*4 -V. A-

o 

train the hot scot measurement model Once the model is 

trained. at mav be used ^ 'A ^.V> perform measurements of hot spot 
O "j" Y'-j -j ^s- +• ; ; V' ̂  o 

.-i-w W vV !*VH VA sv vina y M varues -iw one or more oarame te r;s 

. f -j 
Vf4 ttV^ A A ̂  ^ V* as aescr.iDea • %*' A : i % 

Opt i. on a liv# a n uTnbe r of p r i n c i D a 1. fa atures 
A- 9 .i« X 

*%X 

extracted from the measurement data based on a mathematical 
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transf omation* The trans formation reduc i" K A d "i TV >'•> "I f>, r v x 

of. the optical measurement data, and maps the oriainal •fc. • • M 

a i an a. I s 
.T^ . 

to a new reduced set of siq.na.iS» kc 
V' i- i -t-1 v V' wl \w S.*' SA 

sianal is treated as an original sign a ' that chancres W V- A X * * k* V 

rocess ranae. for different measurements in the set of 
.V 

opt. iea i meas u.i. B«k, measurement dat VAIA V. VA * The transform&tion may he 

applied to all < y-f m ;?< <2:'' t-UV Ci v* ̂  J iil*" a supset or 

measurement signal tr, w > 

•v 
i 
i n some examples, the signals subleot 

to analysis are chosen randomly 
mS xV 

In some otner examples t 

the signals subject •t- ̂  
V* \ ..' ana1ys iE are chosen du e to their 

vN£i 1 S f' *5 3 < >" h A /ry n ?/? v; ^ -•? >>*v; xy f- ̂  ^ K *>' ,'VA Q •A-. Ci x-> <i, v v»» / XA..4-. --I > > ••*>>. > v-1 .j-. v.- -A- v ..-k v v v-- '•v*' v-« 4- J. £r >. > 
*»V *->' • ** v* • 

t **% y> ̂  A c ̂ ..L.i-s £-.•> .-v ^-} VCO £• 

P V- >u A •» A ^r<s 
• *A *0 • For example, signals that are not sensitive to 

unanctes in process 'parameters may Joe xgnorea. 
• s*« *« «> «J 

way of non-limiting examp.ley the w > 7 *} v 
« . > 

transformation may be achieved using any 
• A1 

v- ̂  v*t t*> y r*\ % O,1. <s. y x. x. ,i I J, p ci ,i. 

component analysis (BCA) model > a kc nel PCA model, a non 
linear PCA mode1, an independent component analvsis (1CA) 

%« i% ^ . 

model or other dimensionality reduction methods usina 

dictionaries? a discrete cosine transform (OCT) model t a. st 

•ourier transform (FFT.) mode.3 • « •A' 
^ f ' 'y-s wa V model <Ti T-f C* w V' * 

• • » \ ^ m niook luo; the hot snot measurement model is 

trained based on the estimated value of the at least one 

parameter characterizing the hot spot structure at each of 

a plural.itv of process points within the process window and 
A «> * «> A* 

t he amo u n t o .£ me a s u reman t 4— *\ 4 A **» V »•% V-^- -b-« •»•«« T f :;j f-j fin J*'- "« or; A : rlA V X y ^ A A rj^i 9*X VA rw5. 

reduction step is performed, the hot spot measurement model 

is trained based on principal 
.v X 

features extracted from 

*,• -fc A V s measurement aata. In some- embodiments, the measurement 

rrfon: A i ^ i vrr > 1 P^P'H t' u; w»\ » i {**» : I Cx XAV/ U ral network model. T o ri .V. A A . J-_« .V A e 

example, the number or nodes ot the neural network is 

selected based on the features extracted a * >*vom c n e c r a x n i n a s- 'S-

,-s X*. 
0.<rcLct • Tri &>v X c* >i- V.' w «L< *1^- es, the measurement model mav he 

1 ^ 
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i® I e me n t e d a s -fr linear model, a non-linear model, -

polynomial model, a response surface model, a random forest 
rn • ivt--./vis-- f ct support vector machines model or s_»>- v*« 

kC r :/pes or 
^Tr 

• •V^ •"* 

p>•*"%H .:> 1 T n 5-AjTi>-5 A Yfi ^ >s.V • v i V \v ̂  k( Sw^% v\> v> w f 
V; p. rr>p p- \ > TP-rri ':i 

V A A\y M Vv* r.4 ̂  l*i ,v»- \y.l ,* V v.* A A * w rnGvc mav be 

implemented as a combination of models The model is 

trained such that its output fits 1r hv& r-. r, >-\ 
^w# «L ik \y JL. . J*. A. ST—* A A A A'^y^ ^ 

pa ra*u •: ^ for all the measured sicmals :< T' ^ £* j ^ 
.V 

i vt t" ̂  ̂ £ 3_» A ̂  ̂  

process variation spaee defined by the set of DOS metrolog v 

taraets and corresponding hot spot structures 
it* A A 

[00713 In this manner n hi e »"' T'A 1 rl£Vi r^r;?. ̂  o ; ; >"£*>V2ip nr • .V^ VA A A v»« 1 svA V J X X Cv v* .A4 

.5 r n 

maps the metrology signals measiired with the metrology 

taraefc measurement, tool (s) to the values of the hot spo »v H ' 

A% 

v 

parameters of interest, either <2 > 1 15 ^ v% >v<•:{ in• ; 
O vU >1 * V-*. .i ££ V \v V»\ '.V -t-*- 11- ^ '-W K^. ̂  -X- Vv *s. 

in a tar i.r; ...» s< a mapping is determined. 

between the process variables within the DOE process 

variation space and the values of the V; fr 
A A V'* V." 

-p <•>. ^ n ,a p, rn p. +" P r ̂  xv S-* \« V K-' W A. vv m V' V* w X% O 
A\ 

•> 

r\ t' } rvi" A r p i" .i-w A A V.V A- V.» *»v- V.V \ '"N 1 nf'P 'fit s\ ,-:i 1 -> <5 1" V;:; •; na.H f'AT A : 1 "TP A^ «"t y ^ 
(v *»V% A A Vo' ^•* v. £ V»v ) ,A' «%*« v? W A% /A*. X i %y V«^* •%» X* ^«v «v% «i\ \ 'A vi" »W A\ VA 

s x g r i.-_ is xn me process varxatxcn s ;n;Jfvi3 Hp f i f).p H v f• ^ tiOK 
.1 v 

set, the trained m.easnreraen -t- r>. 
-4% 

= x can D uffisented to a1 so 
•V* 

map v orocess conditions to the hot * 'i^y para^ewv^w or 
^ nf^v-^cir 
•v« \ v v-^ A\ In 1 •=> rp }ri n >*•; A >" T "h ;rj 

-•W-. «w-< i > kVA i t A A \.v A_% * W -i ^ V> 
-•*% •> >v 

» » * 
A\ >wA ,-A-. v.> spot measurement 

^v{ V4' v.- .-.v. 
n 

«w-« VAI f l«y .-A, v w V.A V.V ^.I1 1> k V.v VA ,V.-» \.4 A% 1.^ J*»i' A. \.« V«» v.> O 
^ *k 

pararaeters of interest 

e • g V cocus/aose# exposure jfVS V k ^ Vo v w / ^ r V i n H r] -r •< .-rv n ft ."N r"; 'p. o T «.t i v.3 V-y V-v J,- v- ^.- V-1 4- 4- V* V-1 > > v» 4-.-
» i 4 

more hot spot 
X 

n A ^ -m ̂  r«? n -F 1 n t% A ^ ^ *S» A>. Vvi.Xt V» v.- ^ V. W Ow v^v i 1 v V' -u '.V1 W v.- ^ ^ .1 
y t> {•> M; v—* s> 

JS jJjt f overlay/ 

CD; pitch walk, etc,} trom tne metr^ ogy ta rg< :N t- :i 
•vv V-« O -

[0073] In some enibodimerits.? the metrology tar 0{ V»» '»«x ^ ^ A .*« 

desiqn rule tarqets., In other words, the metroloqv taraets 
.%*' v 1 V -A 

adhe re t o the ciesian rules appl ,*• A i> icao'^ ^ 1 'sis- T*1 .'"N1 t" si vi ̂  H >ti y : < /-v TXW V- v- w i .*=1^. V-V >i «l- ^ V JL. A i ̂  

semiconductor manufacturi.no orocess * 
xJ K 

•V 
I 
I 

•A. n. s ome e xamp I a s, th e 

mecr^ •\ <x re preferably located within the active 
•X ft-

{3V 1 ^ K^ rr>£5. r -v*•>•"» ! rvN<"t'\?' A U Jv-4 .i. S,* A A s-1 J-i 5 V* A< V.« A. ̂  M V V.' Cs 1. V? V- vT* 
A* •" .V .V 

die are >W' V T n he 

dimensions of 15|tm by 15p& or 1 I « 4-b^ OH .'*•** 4v > In this manner, the 
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xm f »•% .•) r\ overi • •* 

ci y or i v> r* vx *\ 
'» i t k v% 

-v- * v 

T -t ;«•- .,A-V,-.>i d variations induced by 
% 
% raonic iKiper.fecti.ons can be analyzed In some other 

ex mp.xes, £* the .metrollo •<x r JU V 
rr" rV-

ua r s « Vk« w-u* vk- afced in t" £5 
5 w* ^ V 

1 ' 

\»* vV* \S^ N^1 

2 •{ W 
A< A- %• « O •4-y ~N t" A r' W '< v> ^ A js \V A\ P V 3-wv* -w-:' o s 

-> utside the active Vv 
t * v*\ •' f** i 5 * 

v. di e a, 

10074] In general^ the rae rae.tr o v t"riVKcfAt* fn be n>e^<*m^d jf VvAVk V( -»v. »»» *M» •-*•» A/\F' A\J \/ V.« .** \y vX 

is spatially separated from, the h< V/ v, spot structure to be 
CU£ racrerisea However^ in pre V*i ed embodiments, the 

„v,y target w W 
^ -r ̂  /-« 

W V\ c i o s e 4* *" "h ̂  
V-« A A X hot ^ no r «v >«/ V* v-

#• 

cr rnrhi 
VV1 W <X- Uv Vv *»V V^' <tk- \V 

V. •; f inter est. The 1I!€ •l" ^ rqp t i •-: o : p. c1 V iZi H t* O T> T* f v«"i "5 "i P jt Jt-» ^ \.« «,.• -.v. V-» >&-.V V_«- ,>x-. \.v V.V1 V» \.« V\ V--* -i_- V</ \»X ,U V.« w Vv r 

measurement si cm a Is with hiql »-v 
i 

» » sensxo xv.i tv to TV::;. >" A ?Vj S* '' T ̂  f~\ T V.-A, Av CvA v 1 Vv -Jw- 3'--* JCN 

i n t £* >,s£* ^ t" 4 «v- %• V»* •>.- ky kA» ^ QWt r • f 
i-craxnxna ?*N ^ maDpana is 

• -A. iv performed V- Vv 

actual device structures simulated m ̂  -[ r p n x<? i h o v 'v vv KJ VA «X. vl- V-X SV OA U«i<i 

,<r: Y & V Y iZ* r; f 
•Vv 4t> Vv V*-. V A A Vv V- tools such as CD-SEM, CD/0VL~S/v> -1- VI io - &&&& t A FH ̂  o r mo de I 

based optical GD 
Oi 

After model, training, prodaction wafers 
^^r.. r\ )"s^ i r-< ': i rrv:< T\ H rr>^ ^r. r-t* H^ t* r- I ] o "h H "F \o* O- 4 4 k«v.» *1(.W V«f- O V»" V**- *A- -> •> >. ^ V»* 'fc-v * * V-^ sV,*1^A .'v* vl V> X S i >. * U* 'V>.VA 3,^. >y3. *,.#• y,« %_v.. O,-. V*"^ -»v- U-*v». 

metro w rq^i r q \A. v*-. t-j Vv w ^ The measurement data is manceo 
A X 

r o 
W V 

n f 
A A ̂  

>wV V. 
%« 

V'<• f arne T: e r s #• « * 
Vv . 3. S i r^, r "r <;; j" w 

^Cv A *k W ^ \ m* )yv ^wv Xw' ^ 
t' r-. p. V^> A A Vv trained hot o V > 7ta ; 

vj1 Vv Vv-

measure it irtoaei, 

m some o- •h ^ V »»« «• «• 'fc"* emooaxrnents t. •**> Vv ^ v>-] » »» 5 VJ % % Y*« « c :.roiogy targets 

are seoaxated from the hot spot struc 
.k. • Jw 

V f >• its 
w VtvJv. e of interest by 

time ( b 
•> 
•AN e •, separated by 

%\ ti 

O A A Vv r}- r m o r ̂ r> r c:• r*.^ ^ ^ ^ c-r-~c) ^ ) I n 

these examplesA the txaining seauienoe r\ 
S.-«* A A VU O < 

A. tne same or 

d1.1 x erent t ypa3 ot taraets t ^ r V- A >. V-» 
^ ..x ^ are aeparacea py (T**j on^ c>f" y.' ̂  4- <A' v-*.«>.-

rr^ o T ̂  v* v r« ̂  ̂  ^ ^ c< ^ tx ^ i'A'V V- (s^ ^ V' V w W S? vi. 1 iv^ W V- V« S-' 
\ %V «> 

x< I t h ̂  
Lk* W ^ ^.Iv* v. soot structure to be 

R measured. In some examples, 
. A "T 

V s... I i v.^ c r - : '''i n v t' P y vy^>i" %? Vo .V- ^ V' V Vo v^- XrV 
«4 

>.A .i. Vv 

«f' VMV^'i jr/i," s n - y« ;> < .••> ; ;, 1 p't-- vyr ^r^QO O 
\4» \A «v^ Vf • w ivt «v« Sf^ VA A« Sf* iv) CA * r » urement data 

collected irom spot structures in ii r*£ i> v t' 
^ J*/ iL< L 

^vv »v ) ^ y% 

n L >rl pruw :V <V 

sr.ate are usea to tr ain the hot spot meas.ureia.ent mode . JI o n F=- i ^ Aviv ^ w 

< N 

V.4-.V-- K j V-» .u . v* 
.-"j >"5 o. >"i;> ••! f-j Th» » ^ *• • v* •» » r >•» • 

W Av VVw .-A nea • v. o y r> t 
V-/ I me a s li r exae n t moaei 

is then used to calculate va.iues o£ structural parameters, 

process parameterst or bo (thf of V> 
» » V / 
• • %f4 

r e:rvj-\-r •; •» f* r' i ^ T £> "5 n 
• W V*/ V.' w «w» A* S \ Q 

T; O f> A ̂  ̂  V.1 wu V*« V' *v* «v .at ̂  e based on measnremen r vx v-
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collected from ?ne tro logy targets at the same particular 

process state used to train the hot scot measurement model. 

[0076] • T • 

in Vv 
+" m +*' i T T n T ^ V>#5a f* T" J- j> vi V' \V <v«N Jv1 \v* V*" V 

t* Y\ to ^ wp ros? 55" " *~£vrrj*£in f "5 rrn ̂  1 Q 
Wv ̂ i V Vv* i Sv C\ K*f* V«i» V I V" ̂ v ̂  O Ji > KA^ 

-L rom the same mefcroloav targets can be used to create 
A tV 

different hot spot measurement models for measuring other 
A • • * • • • 

K f s 4* sr r%oi" W S"* iramer.e.r:s or interest. • n npnp. 1 -1. ,> L S.j .i.' i.% A. V-.w .1 V. 

atorementionecf measurement > h n n rf"- '• »s> c; w ;rj \ r w V 4- 4- * i \i^ 1 V 
A ^ 

Oe appxxe-: to the 

measurement of other process, structure, dispersion A f • 

parameters, or -•"> »*« > » » I \ f 
N.A A -k y c < • : crab i n a 11 c n *3 

V.' iw 
r> c:> to >:> •J fci parameters• <1% Bv vav 

«* 

of non-iimi tinq example f over lav f"5 >'W>" 1 ! !^*\''W3£ti \" r'sr 
Kv' «L% .-JL% VX VV v> A v 1 \v L« Ax y J% ' \\ 

parameters (e.g.crxtxcai. aimensi n v* o A- v <*< y*» <S «{ C1 o na iT'e r F> r f-' V»!'VAv^fV V- Vx« A-. s 

(e *g 
iV 

tocus, and dose) 
/ 

di *.v' V1 «u <v! a> i V c. 
, >*} i r r*n wx 1 V y.v» v4« «u s#.\ A k { W W *y >V. v> f .S.< v V x A \ T a* J A 

p*n q e Di a oeine n i 
• J* «C 

"t e rror s S\ v> -A-. anv combination of parameters may 

be me asured asms the aforementioned tecnnroues. A set of 

«in' ing targets with variations of each parameter 01 

interest must toe provided. 3T* Vv >•>. ^ r r , ; v spot measurernen < 
W •model 

is then trained baaed on measurement data simulated or 
m.'s;;} <t'> T"f;j •?" y />jy. I";:; rrfpt' ^ ^ f>vrj 1 <-\ 1" r- H n r \A -»4 '«• V-> \U V k V«t »%V ,V.VAV V.C »,% X-* tV< 

•5 1 ̂  
Ui(, 1 or. s pot pa r a me re r s 

*^1 

that incinde the range of 

process variations as described herein, With a: hot spot 

measurement model trained 1. U r-, •> P ̂  C' K K <-} ^ -c; p, .>•> -f', ,ri -r ryu .0 ts f-4 C< V 
\V* %v i A X X V ^ A j\V^ ^ SV .C\ •%% 

in teres t, '^easu r emen t s or one or more merroroqv raraers •/ ̂  «y 

provide inpwt to the hot spot measurement models to 

determine values of each parameter of interest. 

[0077] In another turther asoect, the raethods and 
A ' 

systems for trainina the measurement model include a? 
. C .A 

n 

opt im a ^ W • '> » i t* : •! 1 o w- ttaue anv o>* i 
**, •$ •; i* >\ 

^ L ii 

e ^me nts required to arrive -*-> 4^ 
Ci w w t" V 'i 

W «JkA S^K Ow* 
V^. nea me as irv^ 

V w 'V. •1. 

n some examples, an ootimization aloorithm is 
* * V 

confiqured to luaximi^e the per.torma.nce of the measurement 

(defined by a cost fundtion) by optimi zinq anv or <i X -i. o r 

the followinq parameters: the tvoe of feature extraction 
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it model. (i, e y -v <>• *? v\ v> \ 4- V\ cv, v\ "N >V5 / v /\ y* O ^ 1\ /\ vl'O; i j > Lilfe Ocli- >,^0.1.-^ 1 
^ •*-

selected feature extraction model., the type of hot spot 

measurement model,- and the parameters of the selected hot 

-• T• Af" rpciirpmpr? f rrrvis"! Th^ onf ^ mi "X-^^i .^r, 1 no>" i hrn rv^r^ W kv ^ V> ^ *.V CA W ^4 i ki\v V % ^ \ / vv VA W »4w* V A v v W V ^ \ J ̂  k\% v\ W i\% A A CA \i\ V* W A\ \i\ A * V . W ^ %* % 2* s 'W-' 

include user defined heuristics and can be combination of 

nested o pt i m 1 z a t i o n s (e.g., c omb i n a t o r .1. ,JL. and continuous 

^ l 
r -n 
S-* "•*« r 

in a t"Uv' a sx>e c t- x mea s uremen t aa t « ^ ^ f rem 
j* >JH 1 -j" nl . Hi f ffsr^nt t" ̂  rrTf-^r ^ 'i ^ol 1 »rrfiH .1 «-4. .•»% V_> .-.V. .V. v.* ^ .Vji' _-W% y.V -iw \v* 1. J V.V' -4»^- Jw% '•kvj \.« s.« 4--V ,A'. X-V1 .•£* .-»% \.« v-* M" VA o r model 
building,, training, and measurement. CP K r\ -p H 1:5 r ,:i 

A X X w ^A O1 ' w vy .v« VA ̂  «* 

associated with multiple t a resets- havina. different 
fV, >v .mature, i > •> v^ 

» I » v" s-v w f' •1 > ormed by the same process conditions 
A-. 

increases the information embedded in the model and reduces 

the correlation to process or other parameter variations. 

The additional information embedded in the model allows f- A, 1, O i. 

a decoupling o.£ information content associated with one 

parameter of interest from information associ ated with 

Af h a r nA r::r^pf'pf ̂  ( £:; f'Y fU ̂  IT- |"Vi "f C V •"• P- <\ <5 £" ̂  C'H & ]- ^ \ f'hA •" lvAJ,V.u A. V-O.l.tV-' V>s,».U \ \v * * j X. 5,. O V? ^ f V... J W v / v.-

mav affect the measured slcmais in a similar manner 3 n A »N 

these, examples, the use of training .data' that includes 

me r> ;n «uremen ^ of multiple, different tarqets at one or more 

ieasiirement sites enab wies more accurate parameter 

estimation In some examples, a mixture of isolated and 
H^r; A 1. -j v- .-v ir> > -r: AUpfl ^ r-t H ̂  P >-^ 1 *-v x A ^ v •!• i'W / 5^ }s/v^ v« v» V vv -is 'v L» vL v Vit iyv -JL v y v.- Vv v w w V vt« N' VU» *,V^ V . ^ vv y .v ,*• ^ A »% 

from iinderiayer effects. In some examples, 'multiple, 

different tarqets offset in orthoqonai directions are 

emoloved in each die v This mav be aavaritaaeous to minimize 

the effects .of under layers on measurement' accuracy in one 

example 
'W' 

SRAM device area can be used as one metroloay 

target because It is sensitive, to CD changes in combination 

Vv -7" anor u y ^.*0 V -x-« \. 
> s sensitive to V-* v J. .X Cs y * 
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10 In another further aspect, signals from multiple 

<A .1. -V.. 1.. vj £T« •.% O l..-\AJ. !•- >..1>.. V.» '.y ^ y.J v« 5-« JL. V-- '•* '»•«' V-* #T) W,l 1,0 .j. V- V J. V* V-* 
-v. 1 »» orocess 

v b .^t +- •> r>H i ^;rir~i cp, -t* i \? "t -hx/ -j- ,•>->. f £* r..^ r^n^A"'" f^T 
^ rJv* 'lot'. C* SpA* i v- ^ W V* %• XV Vp*» W- ,V> VV# 4*-^ A A ^ S V VR **>• V V }»V td,* ̂  t V ^ O S^r ,<% 

•> -V-
V>^ t- y o o f-• Y n «nT'tA >>vv- A?T'}V> 1 A ̂  1 rvr: A 1 <i -p y ryp*\ <--H -f -p$^ r (?vt"' tx A >"'n P 

V Vv* .4** VrV ^ H A« A A W \V(i kt\.y V.« X\ wi vi V w Vv ̂  f XV \x\ V^i A A r%4 w\ V%« «\% i x*^ -vis X ^ w X £ w ̂  Av sVt \V W ̂  

are subtracted from one another 1 £ 5V ^VVf> .*\ u so-! V* nf h^T {;>v;'irrr>l £--, \f* w I sv,\\ t r \ K4 A>\^ ^kV Jf 

signals from different targets »' . > 
>v c^re L.J..L L.O <~& iu^v^ji. anu. •j-

>-> A A './ 

residuals are used to build T* V"fc ^ 
sA v*» vM 'VV •***» J n, and use the hot spot 

mss a S U 3T€?iuv j £fi O '' r( # J •> ^ aescriDea *rei n in one example, 
r « 
•-» 
W icrnals from two different taraets axe subtracted 1 

•»%* 

eliminate, or sianificaxvtlv reduce, "the effect of' .orocess * J? ^ 

noise in each measurement result. xn general, various 

mathematical operations c 
• V 

be applied between the siqnals 

from different taraets to determine siemals with reduced 
•V 

?t* .O T"^ '~, "5 i" i \?'"3 t" N f"s ill <? \?"A T" T "i"' "f .•"> tf ;-3 i ?l >•••' if s^ y-v o -; •- > v ? -[ ;- \y 
KS » » w .A. *»« Nr. V ^wt1 w «%» Vt1 O rfCv N >1/. »L \A 1 A Ci\ ,t vV>\ 1 \ w A» KJ. .X V/ \ • A .V A ... % 

> « € > M 

to the parameters of interest, 
-v • • 

In another further aspect, messuremei :1 
» ^ 1 >-> * A V** ^ VV Vv a 

derrved trom mecisi^rernents pe.r.termed- by a combxnatxon oi 
\ «« 

* ^ -V i 

.mu.ltiD.le/ different measurement techniques is collected for 

moaei ouiiaina, t-raxninq/ ana measurement "3 -5 <S ^ f iS ^ «-^v-' VA O »*./ V 

measurement data associated with multiple, diffexent • • • • .w. 

measurement teehnicraes increases the information content in 
A 

the combined set of sianals and reduces the correlation to 

process or other parameters variations. Measurement data 

mav be derived r >-. SB measurements performed foy any 
> . • coirtDinat ion oi; mm'iipi*, -f - n 

H i "F f" p r1 r A <v 1 vr >"'"• V' t' h '? i'l"S t ^ w^v *J—\ Av A A S^4 A t k \v4 V«4 /4% b* A A V»> \w* •*• v \ A MJL* sv sv \i5 — f 

"i ( v >\ .i.n uH r^ manner^ ctif'terent measurement sites may fee measured 
K\ f 5">*j •,; 1 i* i Til <'S i f'^ v&z ̂  r n";fx. •> Q v* ^ t* ̂ -s*v)"i'n ̂  A r*< if V«"> LL -v- «3. \1. £ »^.i. •». ̂ 4 • '• «v' •*•• \*» <!i «L ^ i\i v' 'u\ vl« \A .'• 'Lfl [ i J. *WJ 5A. llll . A 'v^ L\ \ Si* -A V jP 

v< *•. 7 .V ^ .>* ' 

' s: J v u^ucir o3^ imaaind overlap, etc.) to enhance the 
•V. . 

measurement information available r o *" -i- Vv -c% it't' 1 t > .-"V n 
I W ^V% W X X 

P< a y k .2 n X. v-< J i 
Mli V' /> 

>\ 
v-> *f* i nf ftrpcff 

«*, ,v-4 J.. \«t 

|0082] In generalf anv measurement techniauei or 
A \ • com.Dinati.on -v» "wo or more measurement techniques may 

•V v( 
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contemp1ated within tha 
V-

scooe of this patent document as *1 

the data processed bv the feature -extraction. .model and the 

hot spot measurement model for training and measurement is 

n vector form. Because % 
A 

V- v>. 
t » vJ1 Vw» W v v'w X. 

o -j r v r ; j 
V_-> A A r.4-

-:,v C\ Of >• 
4v \y n ,cv X * 4--^ 

m £>. +• y> 1 ,•**> x * 
vU\v Jv V,,' w1 Vj V 

technicrues « ^ A 
C"S ,*V »*\ ifN VV V VX.**% ,'V n '»% vv N >*> Av\/V V •> >*\ ,r\ Y> • f <*\ v> O 4*k'. V" ,»M *\ •* 1 I: s"^ .1,1.1 OKfe;j, d -L-Vs O;: V ̂  v..- x. kJ .i. kJL <Jxi wd f •X ' / 

each collected si.anal is treated independently. Tn 
• T V 

addition, is DOSSibis to concatenate data >«• 
*-• 
» s OB multiple. 

different metrologies, regardless of whether the data is 

two dimensional data, one dimensional data, o: r p; r\ \ y 
y v.v* i i .i i i 

point dat< .-.i %•>< * 

[00833 Exern.D-la.rv measurement teefaniaues that mav provide 

data for analysis in accordance with the signal 
*v .... 

^ & cj y\ r\ *\ <35 :r> O js-/ W A i «L^ W* 

metroloqv techniques described herein include, but are not 
• > 

limited to imaging based measurement systems, spectroscopic 

.lipsometry, including Mueller matrix eliipsometry and ell \ 

elii»Sometry wi^ £T -tV- W v v 
! -i -r> 1 *rs rr 1 p- c< r-( -? 1 1 13 TO -i r« ;JS ^ -i /\ rs - ^ i r. f f 1 f* ;*-• v4-. w 4- <1- -A- v,. 4-J1 V/ -U -vU -A- 5. -A- -X > V- -A- V1 ± $ $ O ***•• A ^ 

<> r.4- v .--V. i 1 1 ^ r'\ ^ f" o r* i" r r\ ̂  r' 
V-* .-X, -J-- .-it. V.«» ?. «..• • .t-w ^ ^ \.« A-. 

OH'' C T t" : A;r.p ;• V'\7 V.V ,A-. ^wV Jw\ \.« .V. V V.» JC-. ^ ^ 

single wavelength refiectometry, spectroscopic 

soatteronietry,. scatterometry overlay, beam profile 

reflectometry, both angle-resolved and polarization 
y-.-n. J--, 1 - hA^ni o >""'1 f i 1 
»C\ N ,jf Xy vV \ A X\ b SbV Ju\ #J>w «v« 

' %« 
e J iipaometrv, sinale or multiple 

discrete wavelength ellipsometxy> r\ 
>• *•, fs *>% >? cv cv •> >-"j. fs ! ̂ ,-:«s V.N ; #-s 

t, JL, J..O O wMMa.J. .5.. « i iJ. O 

x-ray scatterometer (TSAXS), small angle x-ray scattering 

(SAXS), crazinq incidence small ancfle x-rav scattering 
* < v fcV <Vi •V 

(GISAXS)wide angle x-ray scattering (WAXS) , x-ray 
re i f1ec 11vity {XRR}f x V \w> V diffraction (XRD) , gr a zxng 
Incidence x-rav diffraction fGlXRD), high resolution x-ray t * r vi 

li f t r.act ion (HRXRD} v-fpy Y^h. c-. r APt'TAn qnp t1 Y^f AnV / A Ju. Cv y M A A S>. ^ C« -Jw. Vv ^ x-':i i )s-> S-' ^ w w ^ v5 W v ̂  y 
A A 

/ V c 
•A , ^ x ' fi \30r e sc-ence ^RF}f grazina incidence x-ray 

f1uo r e sce n (GIXR? x rav -i- •* 
k~» '* ? moqraxmy 

S' A 

*> > x - r a y e i i. i D S ome t r y 
/ j f 

acatterornetry {e, g. t speckle) f- Raman spectroecopy f BO - ̂  3n a. n q 

electron 'microacopy (SEM), 4^ N.^ •'-N 
w VK A A V1 amiSBi on electron microsCODv 

A+. 
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(TEM) , and atomic. force microscopy (AFM) j r; (-y.o rv fX- r 1 „ rv v 
A A ^ ̂ A A A* \r< A X / 

metrologv tech.ni.-aue applicable to tb.e characterization of 

s&rn i c o - c! i J ̂  t o p^-> ir* i >-•% nr<* x ->*- v*s /->> 
^ U« vU L< W w X- W S*1' f 

« 

> 
V*. .ncluding image based metrology 

techniques, mav be contemplated, individual!v, or in anv 
* ^ 

i l<lw .i, w'.L; .1. 

10084] In another . % *! HA V-1 .1. H L . I.-. ber asDect, signals measured .toy 

multiple metroloales can be processed 
V« X 

r rv y 
V* V1 vv V* v* w V* 4- w* X v* V «JM v ̂ 

to process variations and increase sensitivity to the 
n;;}r;^mpf pro o f ^ nf prpcrr T n 
£»V« A-. VA >«.{ Xv w V.« .4-w A .\-w.i ,1 C_» \«* Jw% V-» W. * A V V w \^.U > eKampias , s.xqnax.5 £ r cm 

tarqets measured bv different metrologies are subtracted 

iron- one a not, YA 

A# i. V ml Ou •o~ > V.' v.v i. 
*-v V V «)V ^ ; ̂Y"N 1 .£3; 
v A J f.^ky V»» v |f « i rT^ rti 1 ^ v»e .-k- ^ 'V -U •>.- X k 5 

targets measured bv different metrologies are fi' *v U- cl 

>v*, 
•t r >. 'r iVv A f and the residuals are used to build, train, a. f *r 

s \ O 
O w 

the measurement model as described herein, i n one example, 

signals from, a taroret measured bv two different metroloqles v» • • ** 

* are subtracted to eliminate ov> t significantly reduce, the 
^ •£• ... J v ) i V.« ,-i-w A-w v.- \.^ O t" v./ X orocess Y*'I <0 "» <3 *::> 

v .^w\ V»V xn aacn measurement result ir 

''ven^r^i . various mathematical operations can. be applied 
A* ^^ 

L- ^ r 5 r\.;; 5 M v,» 4. x\+ .t. ^ 

between the signals measured by different metrologies to 

determine signals with reduced sensitivity to orocess 

variations and increased sensitivity to the parameters of 
%% 

interest, 

[0085] In general* signals from multiple targets each 

measured bv multiple metroloay techniaues inci •V'W ij--, uiie 

information content in the combined set of signals and 

re' > X «? s M Vl h Vvii, />/*' 1 r { r"\ ^ f v\ -y o C V r h « v> ^ r> vv^ ^ f' ̂  y l». ,1 i \ J ,i. .i, tn ,1, v. ,i, \jxx v\.' >W-* N»« V-* V V1? A. w v.* i i Vo !^3 .ttS-So Jw. 

I v ^ ,Ui r > r. o 
o kL V.* JJ ^ n 

[0086] • r"-" > .n a i. v.v H VA n ,w> V-N ^ 
Vv w f-" v f 

•y* "»-s 
V- 1 i p me t' h o rv^ H ^ v ̂  r A f* o r A, V- J>i SxL- w.v V 'V S^K Jk -k ^V"V lv V '\v \V «i>U w NL W A 

training and measuring t' Qnni" Q t'r'f'ft'* * y%A <2; p. p V> p 
O V.» ,-i. .^. ,*v v«- S.A 

hereinbefore are impleirtented in a differential mode. In 

such VA scneme ; ».< -x-- 1oqy tarqet measu raments and any 
V \*l .V* v{ 

associated reference measurements o -^imuiati rin OLA . Ml i C« are 
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yv-. > . , s ^ 1 \ ,r 
vv*Wi^*wv t* ^ *» *£* V* 'c v> v* o T * ik.*Y\ O *'? r\ >*\ v*v r*v -•% »v-» /v *» *•> <"N v }> «rv*>vf e .L JL .Ul i'.is":" Q <"A •- LwU OL.i. S L. .1; : s- 1- ' & • .l.D i^Aie |v) ^ G -SS W i K3 1, i o vV , 

differences xn the measured sianals at each distinct V-

processxna step are treatea as e . ^ 

T" -vy -» 
I I ainincf. s i ,t ^ \k> f o r* A.. 

training purposes and measurement siq 
9*' ^ fV 

.a tor measurement 

purposes 

100873 1 tt ^ ̂  V ^ rr}Y\ ! & A» %1 A *.y 4 w V.^ if\ ^wA 1 |,v \.^ / 
* , V . 

r ̂  *• # ik « he same location points are used 
«*•* r f**'. > V^ -V*" >--> .LUX. iiic- t-I U gy target measurements• at a lithography step and 

a suDseefuen' w /"> 

w w V* 1 «l* 
rV, 
'S i , . , 
W \v V- i+S k 

•V' 
The difference sicmai between the 

lithography and etch steps allows for monitoring of process 

• va r i ab11i t• v on v^»w* D e .i • «» 
V 

1*^ i1*', V V > 4" i 1 » I c ^ O . £. i i V-. >C> U. V-. fcj 
N -, 

V ' iT> D a sis e ve n 11 i" K ̂  im r \; r* :* *51 v% ^ 
y J/-.V vv Av iU -i.- v 

varies between points on the wafer fe . •:<., <j ^ ^ /Tv ,U*Ci vv" r> r c- c •& ̂  Ky .i».. v.v\.» ̂  k\. s.-^ 

fV, >v reps or small positioninq errors). Such differential 
. 

metroloqv xaode mav be preferred for metroloqy of SRAM 
• * •V «v 

device area where variations of the measurement target i bW 

VA.i. 

present between different fields on the wafsr 

m some exam o 
^ / 

Vs n ^ .r-\V"\ O 
V \A 4* X £i* V -A- V* 4 4 O .£•. t % measurement 

f- ;'5 r'.""ry-i i" ;:> "3 ^ +• ram a deficiency in the pariodioitv of the 
\ 

measured structures, e.a t' ~> r> ••; r ^ 5^ r r* \ ̂ rx i* * '> $m & « ^ my <:% 
, .C.i.O*. V.' A. U v V- •»*V i,? .1. W 

V 
w* : .i \m\ 

.t. -i -L 

^ ^ y &, • pi ^ p\ at 10D.S wnex.ens t\ C i-rwxse- perxoaic structure 
Vs 

iS 

insufficientIv repeated within the measurement spot .o^ 
%• A 

V; e 

metrology system In some examples, variations of the 

measurement target arise from a small spot si^e of the 

optical metroloav system and measurement location placement 

errors 'V Uv I >gy system. 
[0089] In some examples/ the di fferences between actual-

device parameter values before and after one or more etch 

si:eps may De 15sea as an 1 
\y nput to the closed loop control ol 

the etch process. 

xn genera 
/ 
differential hot spot monitorina 

allows for global (water) t •r ' "» *> T "» ^ r\ sx :xeio averac -«* j. j. o c a 

(per site) results that r ^ ̂ n v 
t,.1 for ex- e /• r r"> v»\ -w v.' 

e tarqet fci^ L Det. '•V w W A A. two orocess moili ^ >-s ^ T-' ^ ^ ^ • 
V* '.V1 ^ i 

rt ^ r i v.« s».. ' v- ^ O \ pv V'* f 
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etch and lithography), provide per field correction, or 

provide high order correction (e.g.r GVL or EPE control}. 

5 n vp T" p. nother aspect, the hot soot measurement «w 

rnoH;:> 1 V;:v-J'j 1 f* H>:> ~ f v i Hp-H •'"s;-S A V)P 11 <5Pci t" H T>T H V i -"5S-£ Vw« W ^4 ^ W \v Xv \y >w^ A A sV W i ̂  ^ vvi i w V.A ^ \v ^ w V \v 
•« 

active feedback to a process tool (e.g., lithography tool, 
• • • • * 

etch tool, deposition tool x r ^ 

f ^ eto,} . For exa mp 1 e, 
M « 

•* -ft /\ ifN ,**». *•' V« A.uwfe 2 > k 

f, jnr 
A J V' C 

»T> >*"% ,A. <*•-« Op'O ^ parameters aetsr mined using the methods described 

herein can be communicated to a lithography tool to adjus 

y O s.-s v .« i > >w s.-s 
•S-* J*» ,•> *l»i » a» • > W A A leve a desxred output. -rs 

.1 i i a 
« > ^ 

o i xn v* is X >u.X wi> c A .4-. wav # at eh oaramerers ie.q„, A *•• ^ t * \ v V. c rv •«" v.- A A 

, < \ » «»-» .v. ( 
t" "* ci 'i i '' v; "5 / Vs f \A .V\ «A»% VA Nv 

\r-i J- xy 
V •OL-. Vv V f 

%s * 

etc.,) or deposition parameters {e.cr. t time,- -concentration, 
^ i. • • • ,v ^ ' ' * 

etc,) mav be included in •> > d * measurement model to provide 

active feedback to etch tools or deposition tools, 
2* t 

respect!v 
Oft 

e A. v - In some example, corrections to process 

parameters determined based on a trained hot spot P 
measurement model may be communicated to a lithoaraphv 

tool, etch • • ;\A j /vy- r^AtV"} ̂  " 
V»*«* -vw Jw*. NwA >,»• ?«w«. ><.«* 

i , * 
• V- .'m. i'cxon rooi « 

In general, the systems and methods described 

herein may be implemented as part of 
•A v> A1 

^ V J* »^S 
v i i \; y\ v ^ c 

K-* ^ fN f' "*V A* 

preparing a measurement model for off-lxne or on-too3 

m.easurem<-

[0093] As described herein, the term "critical 

dimension" includes any critical dimension of a structure 

(e.g., bottom critical dimension, middle critical 

H: *1 ITi & 1 A \ 1 Vv.- .v .4-
«""N \"v « 2 i i 
\ X X f 

t' y- 4 -f- •{ H -j J-V-V.^5 rt o 
V*1 J*wV .-iw %Y' '.V. sJi- V . J. V.» A A O A A f* 

y > 

^ 1 x . ,-A*. V\ &.1 ie ry y> •> -f- ^ J-; fx 
.4^. ;.«!• \v .v. A A V.-J 

hei.qht, etc.), a critical dimension betwee A A V«S v V ^ ; two or more 
structures (e.q,, distance between two structures)^ and a 

d i a x> i acemen i 
A 

hAt" rwo C'\ ^ PXC'* ^T' T'"51 c t"n T^ ̂  f rf vW V O V' V 11 w W w1 V> -u i w C V. Cu v V* s*v Vu» >!v v* W I V • 'A< * * ^ V V -o. W V 
»V 4^ 

•displacement, between overlaying crrating at.ructures> etc *} 
Structures may inciuae tnree dimensional structures 

patterned structuresf overlay s v.- jw. ixv.. k.A ^.^r? v. % 
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[0094] As described herein the term ^critical dimension 

applicati c">,n-tr .n vs \-» J. J. .k. 
M vv 4 » > critical dimension measurement. 

-3* location" includes anv critic VpA- Ui aimensxon measurernen V*" • 

[0095] As aeser x.Deci Hereint trie i~: YX?V« ^ Ti : Aft";' c: \ f & ;:VfT> (f V* < IV lUv ^ ^ ̂  V.^ V> V sO" V ^ 

.i, X i ̂  .1 's-R"; £> C.V.L I v o y L 'svJ u ^.-iu I 
. • « • 

.k v V» £* & * w.* 
K-.-. ci. S L m part to 

characterize a specimen i.n. anv aspe CX V> C y.- inoludina 

measurement applications *> * \ * N ^ < r ,vv r\ c"* /*^ v i ^ ,AJ • S uCiab C-ju XCX<^a J. 
•I i ^ t nV^rv^--* v\ i t yC.. A 4.0 JU V- A A 

metroloqv, overiav metroloqv, focus/dosaere metroloay,, and 

composition metrology * * nowaver/ sucn te-rms or art do not 

.limit the scooe ox: ?v .'N /\ >*> /•% *- l-y^ *-
N-» :errn v>metroloav svstem'* as described 

' K%* J* 

nerexn T r addition \ •> V m->M- v* yv. 
V-» v-\-X- V-o.ioqy system 1D0 may be •••a 

configured for measurement of v"\ -^V ^ ,O ci >v » r n 
*«*• Out .fc A 

.-C v-V wat8r ~ UT . £> 
Jw v; 

^ / 

Aix \X / ±-

•anpatternea wafers. The metrology system may ^ oe oonficsurea. 

as a. LED inspection tool. pnn\^ i r'; '• i \AS^^ VI'. JLs A A ̂  \4* ^ A i toolf backside 

inspection toolr macro-inspection tool., or multi-mode »V • • i» r 

inspection tool (involving data from one or more platforms 

simultaneously)f and any other metrology or inspection tool 

that benefits from the calibration of system parameters 

based on critical dimension data. 

[0096] Various embodiments axe described herein for a 

semiconductor processinq system {e.q., r\ "j ^ <5 * t JL. A > pection system 

or a lithography system) •5-* - V* JVi f •{ C> .»-% .»NJ V V\ 'i»* ,'•> ,'V .-"X r*^ >*' "i V.N 11 CJL y cu U w <.,1 .L Nv M i, { J v..* Vv O .%y»- « v C-«| 
w *y 3: 

specimen. T >e term f>specimen'* is used herein to refer to VA 

wa rerr •ct r r 1 ^ :: p. rv Vs \? ^ t >-L- w «M *->w. v ^ ^ A A A- Y 'A*1 sample tha^ c may De orocessea .*< A 

."T VVf 1 O y "1 n ^ A >*"'s 1" Afl 'f'* O v fu'iiv^prq J hvi/ lTU''<I.vT'! f"> 
^ sv ? ^ A ^ ^ V rv* Sm4 \ \ 7r«V XV Vwi- Jw V.A w .1% V \V vLv ^ V j V W V/ v % i > 

c 
%% 

[0097] Ti tr? % > o ^ V> ^ v«, 4* Vv £2s 4% o v^r<; ** ^Aj ̂  r*tm ^ ̂  { 1 \ > 
• #V 

re > r 

f o ^' vH q t* v A f* ^ ̂  f o r rr: H o f s«\^' (v ^ U>_ V'-'w w -2* •**»' i. ii^v v*< -Lv ci ^ semiconductor or non 

semiconductor material. Examoles include, b 
v\ t 

;•« •. T" 
' VU V-> y iv> f"i: o f 'r-4-- A% N-t > I Jr.« V.-

limited to# isonocrysta 1 line silicon, gallium arsenide, and V -r a •-» V 

indium' phosphidev Such substrates" may fee' cornirsonly found. 
,i- \ .j-

and/or processed in semiconductor fabrica As <S J » V OL> on f cici n ti'0'S * 
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In some casest a wafer may include only the substrate 

(i.e., bare wafer), 21 ! t* v* ^ 4t" i w ! % y rc J.. L i. v... X. V S3 .i. v / a wafer mav include one 

or more layers of different materials formed UDGR e* 

rVi -s .j ubstrate One or more layers formed on a water rnav be 
» patterned" ot ^1 KV ffcv yxv> uiipa U A, i i'sS.U + 

** fc'Vvr i A X \f< \»U »,s J*-.' »-U a wafer mav 

include a pl.urali.fcv of dies havinq repeatabie oafctern 
jw ' A* • • • • A. 

features 
7N IT ~ 
i'i r 1 £ t? 

-Js- \v • *»v y s a reticle at anv stage of a 
• V mmf 

reticle fabrication process, 
2% * o • >•> :zi C ̂ VTf' 1 P-H TP'!' \ f 1 t" h 1" V,^. i .v. V.» v-» \*» W VV ,-S* «_V V.« i- ^ VA I'.V 

' >V. », "S 
V niay not be •^leased for "f "ri •{ <"V.**N, >•; H"! t *'* i" r*> r \4 ^ \ V»vC J U«w. Sj A A ^ V.*> Vv JC% 

•f- Sj, V\ V" " -1 •">, V> "f• -TV <"» -j ! \ \ J- 7\ >" J£J -5»- •>•; .»> "! v*. ,i- C* U I ,4-, W Ct u. ,4, U >. i ,j, O. V,.- X ,-!,. J, U V * -i-- & •- ----- ^ .1. vT= / o r — i« V 
f TO 'S' Q }f ** i !A O ?\ f is aenerallv 

v-* 

defined as a bUvC L-a :iallv t ransparent substrate having 

substantially opaaae regions formed thereon <& 
•v '»• .V '—•* 

and conficmred 
« 

f* r*\ t * f r H • A^ VA ^ A \++ vwy %i A * 
Th** Q IIK^ t* rr>p \?' i ^ rt<"1 p f n v ^"k\^rf«T^ 1 e 

aiass material such as amorphous SiO?. A reticle may be 
^ JW' ^ 

disposed above a resist-oovered wafer durinq an exoosure 
N J I 

^ r r> 
<<J S.-- "»V <--« o f a lithography orocess such " k-> -J -V-i x a ̂ 1" D a 11 e r n o n t he 

reticle may be transferred to the resist 

.une or more \it avers rorraso on a water mav ,oe 

patterned or -unpatterned. "o r t* examoie 
A 

a wafer mav include 

a pluralitv of dies ^ Zi f h i»^ 's.v i i 
iv, -x ^ ^ v \v, 
» i Si \ » > ( > 

A A 
rpf.^h> 1 f- n1" r rr. 

t" - • r' ̂  V^1 \JK CA *.V W A Forma t .1 on a n d p r o c e a s in a of «4^ *'* ,'N «•> 
O ^ - i i 1 ;5 x.^-ts :ot 

.-A-. <.4 y ^vi Jv JO *»y w 

material mav artimatalv raault in completed d-avices. Many 

different types of devices may be formed on a wafer, and 
>•» i v 

Jw f 

the term wafer as used 4* 3-rem is inxerjoec to p. ryffvr'N ^ «? 
\.v i -l V-- V-* -1 >.s.*n. O K-v 

•w »i 
•M 
S.A 

VA fer on which any tvoe of device known in the art is being J. ^ ^ J* 

f JL || icatea. 

[00100J tn one o^ more exemplary embodiments, the 

functions described mav be implemented in hardware, 
v\ ' 

i - -t-* T" WA , O :7J A. w t i-; xrmware, or any COTfi » > >JC 

^ <i 

A A ra txor) tnersot 11 

100 in sot tware, the vfv *i .<•> 
j-. I v 

vi • ..ons may be stored on or 
t.ransmifct.8d over as one. or more instructions or code on a 
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computer-readable medium * Compu ter~readab.1 e media includes 

bo tb OOffil. riDuter storage media arid commu n .1 cat ion media 
A. A' 

includina anv medium that facilitates transfer of e* 

pr^TlTV '• t" At" Tv>"-nyxf An?; 1 a C A tsO :-5 r;f<.f- ]"> p y W \ rVw W S.V «Jw*. k-' w. Vj »Vx X< »• A\ \k% V-» «J '-b" • A A \v» v<\ VV W '•h-- v.» \V A A S-"0 V.v,i A \V A\ • 
•V ««? .W. 

A storaqe 
rn*->rH A T^AV HA n v/ 1 ;->}vl rf'A .H "• A f ^ ̂  t r;VTY VvA -3 rr'^x;HV A t ^ sA $ vfc V X/ sy is / \A % si\ v . ^ ^ A A \v .w w k/ \y.V«4 X/ / 

general puroose or special Dtir.oo.se comDuter. By way of 
^ i* A. • * • x i x • * • • * . ... x_ .. . ^ J 

and not limitation 
/ 

<£> n ^ n f*sr»rpy 
\*J ^ ̂ i \A v W " 

v* — % > «. f .arue xaectxa 
c s* c o mT- ~ A A A \-' t A> %*-. W V' PS fv'T X- A4- -A ROM x EEPROM r 

V .• A V V' 1 ̂  w Ju. V "X- V' L -A-. V* \VV sis VV ^ D lv 

r« t.orage, magnetic disk storage or other magnetic storage 

H \," 'i <~" A r ;:.i n w ot'K&vr" T^IAH ~i ;;rfv f V- A t" t'"1 A T"! HA I i w Pf"! i" f\ y r v A v-
«v NV Sv ^ Vm« 4v« A \ V %• ^ A A vv X% ) k\ vv Y.4* «C% S.Awf V ^ A A v*«v V%# v \ Vv \ v /v*k v«* JLV S JLV 

store desired p-r oar am code means in the form of ..... 

fc 
•> 
1 nc +% -S- } •? ,•"•»-!~ •> v> C; r--, >-- h ;ri 

cO 'v» «iw "v* %*•< ^v* ^ «i< *.• -u V^-.V^v f" rt 1 r1 ̂  1 > ^ A ' V V- Ju> v,v S*- V.- V« «J S j:! tLi V. C- S i ci C C ** ™ % .V«» W V-» qpH fix? 
^ 'V >A< I.V ^ 

a q e ne r a i, -pu rDO S e 
• J* V* Jw 

or special-Duroose computer, X -*. ,i. .v. F S~ k i ci. 
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connection is jsroperiy termed a computer-readable 
* rn ci n •; " r)b-

\'rV*^4 ,4f *MrX S I- « 
T>'f y- tn v i A 4-. w X-. w A ̂ 4- -x- v^- ^ if the software is transmitted from a 

*A? *' t" <:>. <> T T\ ? vO 'V 
Vv Kv Wv *,V jf ivV Vo' w V w jb% 
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f1 i n rx rvrv^" i ^"s c A H1 %<>• f* w 1 ^ A fl ri A \ T . H i r? *1 1" ;•> 1 er <*N T i V^A i • «.. A*' .I. J./ V-' •»• So .i«. \v j|f W .•« v«' \v lX ,*, i, ^ ^ tv« V**. •«(*• yAAv O V,V j, ,A S 

line (DSL)t or wireless technologies such as infrared, 

radio, and mi r,.^wA \??s> O V4» V V-r« f then the coaxial, cable, fiber optic 
* m « . 

cablef twisted pair, DSL,, or wireiesa technoloaies such as 

infrared, r adio ;\ v> ,'*3 >v; *! >> v\Ay,r;; ; J>\ v*; •} y* ,»N I ) > /.v /••«! •; f\ -5-- V», A 
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definition of medium. Disk and disc ->•. 

^A\ s usea nerexn, 

includes compact disc (CD), laser disc, optical disc 

diaital versatiie disc {DVD}> floppy disk and hlu 
• m* * m • • W • J* 

•• ^ 

f 1 5 ^ ; 
N.A \ ^.4- .V. W \.V 

wh e r e d x s ks u s ua 11 y rep rod uce da t a ma gne t i c a 11 y, whx .1 e 
discs rer n ^•6 "» 

*•* 
*\ «% data optically with lasers. Corfsbinat.ions 01 

'-S* * te above stxowia ai®' V - inoladed within the «v** 
>v^ '^V** *.V^ "W^ Uw 

computer^readaiDie media 
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^ s 
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.A 11houqh. certa.in spe.cif 1 c embodiments are 

described above for ir^structioxiai px^rposes^ the teachings 
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n o t 1. i m i t e d t o s • /» 
••l.i .1' H ^ •'> 5" X«- i 1 kiv'1 »,> A A t V A A 

fN described above 

Accordinqlyf various ir-odifleations, adaptations, and 

combinations of various features of the described 
pypK.-N.-^-] vvr ^ CATi Hp 

v> Vw^ ^ \ IV Vw* A A W W Vv ^ v % Xv practiced without ••W> y\ -V- /V 
ci.i, L- .i A r t" ota the 

scope of the invention s 3 cs c> 
X/v. V»v 

f f\ r' tk V; 
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^ >*> 

i w Vv 
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