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requires_hi resol uti on photolithographic processes. In general)
I|thogra%¢g£§—%93é‘3'—%—§3 processes for pattern transfer between various nedia.
It is a technnq.uaamaﬁcﬁomddsm eage ataedmﬁdmgquhd tombmg&aaejvmememo@m&e

£ 1100 b sl B B v TS RS9 e el kRS 5 v
etc.) i |dtenhnigren levels) o wcemﬂuapmﬁersoﬂn drdve togcromplisk suchhighphicepackingersiwemialig

‘mast er t @iRhafidroatubel zeBE Kdquitdd! TR A kBt h@WidRahd Hhdhg oﬂﬂ@rc#nt Lc?ﬁhq{ngspgﬂh

coating . |§ ener%PI y a radiation-sensitive coatl ng sul t recel Vi ng a
proj ect e F‘R‘Bf‘éeé ntgch poles, agd the purtgeeiepometry suehgsgorperpand plggeof vaiopsfentuesst ed, it i s
i ndel | bl y for’mieftqmmbdiefmnfeauags wilh tiosqspafing Get@ekn iadjEogst fdaRses RGuires tﬁé\@ésolauon
negat i v e 5@9&4 Wé@% . TPl iR YOMAFIS broBiRll B Pirer KRB e Dlvadod®

coati ng Cause e 1ma ecore erther
| ess sol Wdiaclt isadeshrique negd fos ingegrated eircuik fabrjcation lw‘@ratslhwlsme. thepyafenigconteaddy e oper .

Th tet NOT EunfiéHnty Witk a AIRBSH-sesfive ﬂﬁpﬂﬁiﬂd&itﬂné alhegfteugedoaee (&th &rdﬂﬁﬁﬁl&ht% ﬁmtseaet/ﬁ t hle
pattern e | e co ess .sol upl e e extremnely
fine pat t“é‘t’%&“ %R’f ta"é?fﬁ%%‘é g‘”b‘?f‘ PAETYEIGE B geé Fé{’lm Seuniy #?Qa pertichlas o

M cr osc qptesn. Q‘Bﬂwb);raﬂmecowﬁg@rgewy oadietion Gensitivel cyatiag @uivableferareadiving £projedtedal

di mens! QfkSgeloPfblubibd? Parkin Ak (4 rkdlsd 2 BRjeABNs f bRy Kok el bt THH AR N

I ncl ude the size m ni num across t r suc ew dt h)
spaci n g)‘méﬁ‘?&‘a&?ﬁﬂ% £ negptive AE3 Rﬂﬁ'§"° impee AR MDISERASema b rposyEse the popiingtirongh 4 n

provi di rgpotoi@léaudesithe Mﬁgémﬁ&uﬁe%mthdr b8 loNBds bhible (@Jp&fdﬂé oft @Ble &vatilg) if @-bartlcular

di mensi g have not bee s effectiv rov

qual i ta ts?l\? él?él r\]'a?peli ].(l'l?e ore Fu\éle arereq)ova‘F Pgte velﬁnl%pé%cgss%elmf @apm% e in A
parti cultbﬁcomnwé@ssomeaplmer» ssue is known as scumming and is generally
related to thse icﬂﬁéﬂxﬂéﬂm&ht{eﬂ?wh%xﬁ@&toﬁ %bh@&&lsn%ﬁmcuytﬂﬂﬂoﬁbﬁeper

negative oSjtive resists umnn result when a feature is

under ex g‘@'ﬂ e ﬁé@‘ °ﬁ‘8‘8¥°%1‘?)’t!‘ﬁ'§’e meagureg imensignsaesuking fram the ithpgraphic procgss. g 5
def ect (Gritical dimbnsions inchide the size aftminbdinifeathres abssaherveaeriSuch Bflindwideh, a;faciﬁgamarabm@n ed
resol uti b

bocur pefflonbid ARETeh SeMa st B Bre abyidify bl A TIERRRR G MBI
bet ween ! dimenaians ofiaiwafpry theyrhavermiet heen-ps effective jrnneviding qp@taam apalyfisal informatign |

open. caagmmgbm,emismg cal CD SEM systens for neasuring critical

di nensi ons of s often.fail .to detect I|ne and 0 s. .t hat
oy Do Seum PRI rGess F e ¢ Bitarts Spimgine B ey el wO RGBT E ey
provi de imegegastameand may ma‘lwnd eitherregative orpositive esisin tScunyaing mayarchelt wieh e featime is  Of

scumed Jnidr&Sos@ths R ERbst &-i is Ji:ﬂly too sn]aﬁ th?lXt (EQ%EE&&P&% ’subﬂorﬁﬁdl‘gggﬂmﬁg tact
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Per t ur bdT4 8YVigadeqrt criispl dHTeRYonAgRyFemen et oyarleidgteotion of scummed W&Wﬁ °‘(“99‘§tFé’Fns &
Computers in Japan, Scripts Technica Journals. New York, US, Vol.21 No.?9.

pp 99-110); DE-A-196 12 939; US-A- 4,741,044 and DE- A- 27 se
vari ous nethods for scanning seniconddctor wafers to obt aﬂlm"ﬂm ml'"m Mlo
representing a surface portion of the wafer, and means for prgggssi ng the
signal to detect or classify defects in the surface of the wafer. 15
Accord| ng to one aspect of the present |ment|on there |s prow ded a system
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contacts may be detected by determning if a portion of the signal is above
a 30 predeternmined threshold of curvature during the critical dinmensiogn
measurement. |t is AVENDED SHEET 17 MAY 2004 noted that the inveht M 2004
di scl osed herein may be applied to substantially any systemthat provides a
shaped signal based on the scanning or neasurenent of a wafer surface.

et her obj ects, advantages and novel features of the invention wll becone
5 apparent fromthe foll ng . detail ed descr he i nvention when
consi dered i Pl Jﬁﬁ%wﬁ°9ﬁt?%°ﬁ?@8dvaavhe@e§w§’e¢°éﬁﬁ ‘B‘;s? 8¢ eoptagh anpl e
only: ' Fi guaspemhg Evén Shouplp B cdmadti dpenish a@rarny bé pmxmfc%n,ldoh%ﬁﬁdﬂl ng
critical n8§ss[ﬁg/g neasur.enments 1n accgﬂfib\a g ]@rese t invention;
Figure Ibis gsters Sten, maigae adsqHatR 'F”éf‘s‘%{’ﬁ il t48e signal in
10 accor dancgynvici eﬁ,ﬁ@mwmmwenventlon . Figure Ic is a diagramof a

scunt ned. waf er an( r ndi,. ng n accordance wth the present
i nventi oh; Figur @ %&ﬁ%ﬁ’ﬁtqe&‘r o@ki‘%’Fa”grsh’Fﬁ“b@mﬁﬂr aetng| Whish cp- SEM

system for dmb&mrauy R@reasesl e Uamh@cmr saneRd inkd) shil colla@S ORI bevent i on;
15 Figure 3 is m)re'getalle gematlc bl ock di agram of a detection
systemin ac%?CEFd@B“% ﬁmP"r’i\ére’E}F”ég AimersieSn: Fi gures 4a-4b depi ct

general ly flat amm—Awesgdwwoaiomam @pcmodaﬂm metahndm@rwiseswmal i nvention;
NN t EP-~Eg Sﬂspectxon ol% S? Wa%er PrZItZe;ns by Lo%erturbau%n Pfi\t/tjtogn ing Al go]i'{ o 2
10 by Yukis Matspyama (Systems & Computers in Japan, Scripta Techmca Journals.
New York, US, Vol.21 No.9, pp 99-110); DE-A-196 12 939; US-A- 4,741,044 and

DE-A-27 00 252 disclose various methods for scanning semiconductor wafers to

obtain a signal representing a surface portion of the wafer, and means for processing
the signal to detect or classify defects in the surface of the wafer.

15 - According to one aspect of the present invention there is provided a system for
detecting scumming in a wafer, the system comprising means providing a signal
representing the geometry and/or topalogy of a surface portion of the wafer, and a
‘processing system for analysing the signal, characterised in that the processing system
includes means for performing a curve fitting analysis on a set of data corresponding

20 to the said signal to determine the shape of at least a portion of the signal, and means
for detecting scumming based on the determined shape of the signal.

More particularly, in one embodiment of the present invention a curve fitting
analysis is performed 6n the signal received from a SEM. system during critical
dimension measurements. It has been found that scummed lines and contacts produce

25 a curved or ‘Fenerally nonlinear signal response over a portion of the received signal.

- In contrast, a generally flat signal response is provided by a properly manufactured
wafer. Mathematical regression analysis provides a methodology for determining the
amount of curvature or flatness in the measured signal whereby scummed lines and
contacts may be detected by determining if a portion of the signal is above a

30 predetermined threshold of curvature during the critical dimension measurement. It is
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PCT/ USO0/ 34214 Figures 4c-4d illustrate generally flat and curved signal
data in accordance with the present invention; and Figure 5 is a flqw gtyapbs
diagramillustrating a nethodol ogy for carrying out the present invention.
MODES FOR CARRYI NG QUT THE | NVENTI ON The present invention will now be
described with reference to the drawi ngs) wherein |like reference nunerals
are used to refer to like elenents throughout. The present invention

provides a s a met hodgl t 0, det ect roce sed and/or scunmed
lines and coﬁ ‘ﬁ}]?‘ ;}’ﬁ ‘%Veﬁtn‘%c‘&a“g’g%l Repeinmayy aﬁg’g‘é‘{ @rﬁ“ £ SBTSR
i mpl ement ed  iHat Provides Woshepes iphdrbased Grivtlle @bnningCér ﬁlbﬁﬁﬂeméhtmh@ﬂr scanni ng

electron m croscope (CD-SEM . The software system anal yzes the SEM si gnal
concurrent| yS%h a critical dinension (CD) algorithm thus resulting in

subzt anti gl ljy no ®mmobjm§ywmﬁgésfmou@muéamred bmxugbvehhgn pilebebre | nvgnt ihon
is described in refere M syste i s to be appreciated that
the syst®m aftPaft 8‘86{‘1%59 %8‘%1}1555 Sﬁ‘éél Erg\f "’b"éméPﬂp‘T’}fe@c?°'ﬂ‘*§’DE"§B%t antially
any anal yti Cabnjifn¥¢SéromtihOdbwingiOvRredt) Bp ey Sfegdhale idsed on the geonetry

and/ or topology of the surface being neasured eferrlng .tially to Fig.

la, a cross sect i GB®A2 i yFos5eFion.dfagram of 3 watenillygra nsIpR” t he
printing pr Oﬁﬁ&ﬁ)en{emu{dcm&naﬁﬁﬂﬂﬁé’l redebt i¥entiont Nin filmlayer remain in
cont act Wlthasubstratel I\ﬂ? arlous crltlc | -di mensi ops qof the wafer
10, typically meddetedd e %ﬁ @roopsseagued yafey and correspondipsistgnd iier t o
charactgyi zeaéobﬂaﬁefw,mawpr@émﬁmtjoh,t hogr aph| C process errpl oyed to formthe

various features._, nsi on_16c¢, for exarr(g depicts a linew dth
measur enent of th%g‘frF & 15 @ dia A& “ﬁ‘lépﬁ SSOHRPG ggp &t region

or space bet u@@mahdemtﬂﬁﬁesaﬂ@hvm and a pitch d| Nensi on 16e gener ally
referstoallnep]gensm ;h?t eﬂ%g&rate 6 The1 @5#&1"2 l ustrates a
portion of a propdfies2 rgéd" PAtG PPEHREEY Of M BETPR &Sk ‘bet ween or
near fines 1aaeﬁmdn§&hnmﬁgxﬁcé@wbéwﬂedgpﬁseh7mvbﬁﬁ6n lines 16a and 16b are

clearly, defined dt e spa n th ntlally open.

Tur ni nghow t o F?]Elf.gur )] ag??resﬁ%ﬁg%{\e&% 3"‘1”%3?&’? ?i.:a%%?ﬁ T HEE™ Rasur ement
of the space addorande wethithie present/inveatian; ved portlon of"a wafer 10b. A

conventi onal SEM em Vi cl r nt of, the
space 16d as 1.8 TERPORIE sepft BeheRlly Bl bl i BB RallE A 407
neasurenentspuﬁmthuﬂspace 16d, a substantlally flat portion 18a of the SEM
signal 18 is received when the space or region 16d between |lines 16a and
16b is substantially open. Referring nowto Fig. Ic) a wafer I Cc is shown
with a scum 19 between fines 16a and 16b. An SEM signal 18b is shown from

t he measurement of the space 16d. The signal 18b, in contrast to signal 18
in Fig. Ib, depicts a generally curved region 18c when critical dinension
measurenments are perforned and the scum 19 is present. Even though the = '
region, 16d is only partially open, a conventional SEM-system when measuring
scunmed |ines and spaces may determ ne an acceptable critical dinension)
however. For exanple, a detected signal width 18d from signal 18 depicted
in Fig. Ib substantially conpares to a signal width 18f from signal 18b
depicted in Fig. lc. Thus) conventional SEM systens may detect the presence
of a contact hole yet fail to provide information regardi ng contact hole
quality. Consequently) conventional SEM systens frequently fail to detect
that poorly resolved contacts are present. If scumis |eft undetected,
performance and possibly failure of the integrated circuit may likely
occur. Thus, the present invention) perforns a signal based analysis during
the critical dinmension measurement to.determine potential defects in the
under | yi ng waf er caused by the |ithographic process. 3 17 MAY 2004 WO

01/ 55737 PCT/ USO0/ 34214 Now reféernng to Figure 2) a CD- SEM system 20 is
shown for detecting scunmed |ines and contacts in accordance with the
present invention. The systemincludes a chanber 24 for Fou5|ng a wafer 26.
An el ectron beam 28 is directed from an eIectrdWﬁbﬂﬁl $EE  ens 30 toward the
wafer 26. The electron beam 28 is created fromhigh voltage supplied by a
power supply E¥Y" associated with a beamAgenerating system 34 which includes
an em ssion el enment 34a. Various directing) focusing) and scann|ggogr”“,
(not shown) in the beam generating system 34 gui de the el ectron beam-28-
fromthe em ssion elenent 34a to the el ectromagnetic | ens 30. The el ectron
beam particles may be accelerated to energies fromabout 500 eV to 40 Kev.
When the el ectron beam 28 strikes the surface of the wafer 26) el ectrons
and x-rays are enmtted which are detected by a detector 36 and are provided
to a detection system 38. The detection system 38 provides digitized
detector S|gnals to a proce55|ng systen144 for perfornlng conventlonal
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preferably digitizes the information for the processing system44. In
addition) the detecti.on system 38 nay al so provide filtering or ot hpy MAY 2004
signal processing of the received signal, as described in nore detail

bel ow. Thwomss®sssi ng system 44 provides critical dinmensi egriusb@sdsaed i on to
the display 40 and/or stores information in a nmenory 46. In accordance with
the present invention) the processing system44 includes a curve fitting
sof tware systmggd 9d-4difls@iid Gertirdhy ﬂatfampea%@ﬁgnmfaMﬁ aSddfbheB Wit TR Hvelition, S 26C
are present between or near the lines 26a and 26b. A processor (not shown)
is incl fd in the processing system 44 for controlling the beam generating
system 34 priguiec ingflow dhirt diggtamdiluseating Omethodology!Te GETYing but @ @rebddt infatidnOr M g

si gnal SRrICA & present invention. It is to be

appr eci ors and/or processing systens may be
i ncl uded as Pl presshtinyentionwillaqw b describadovith keber@-tirAirayingsewhein like refopaed or mi ng

. si gnal a,nﬁg,mgh,@uge@m@g&%ﬂ@agﬁmmggﬁda@ present invention. As will be
described in re detai] bel ow) gnal s received fromwafer surface
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critical™ §¥ 5W°@ﬁ5ﬁ8? §F§ may be passed to a post or concurrent
processing systemto determne the quality of the particular region
measured. It is further to be appreciated that the present invention may be
directed to other systens which provige signals based on surface geonetry
and/ or topol ogi cal neasurenents. Figs. 4a and 4b depict a received signal
froma properly resolved and poorly resolved region respectively. A portion
of S|gnal 18 |s shomn as a relatlvely flat portlon 18a In F|g 4b a
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determ ne the signal shape (e.g.) flat shape) parabolic shape) in the
nmeasured region. Many techniques are available for fitting particul a7 Wkt
to a linear region or to a curve. The present invention applies a linear
and/ or pwiynssisal regression to determ ne the amount of fg 4
curvature in the desired region. It is to be appreciated) owever?lthat
many ot her well known nethods for curve fitting and/or regression nay be

applied to dewess op,eﬁe@famessmyrscbﬁzoﬁsﬁdWMaaéL@gs@me%ﬁéaafm%w;%hod s

cont enpl at ed as 1&; scope of gﬂesent I nvent1 on.
depi ct %{ﬁf‘f‘t "F‘?P Ig?‘bsys% "F'é'dqs P F'H@P’r’ 3‘? hqusingra:wafes 26 2An 4‘??60'\/ al u es
of Y abeagt zsésﬂxrpmd’&om anﬁlea&ommedceens BRIBwire mbwatzammm:&onabemimasﬁm Jold

i ndi | t th

ot ed M forfeGRREy s BEAPERRY o sl BN Shiip st o 4 SR BB ste. e re
dat a sé&missignplement3fe| \éanovsfdlrecmg. ﬂ!al!salgmd sammgelelyemr(adt yowo) imthe bdam gewvehking Nt s Xo
or Xs gyt BRldNEd obréd bef 383homh M@Jﬂﬂﬁloﬂ Berfent a foldle e?e'ﬂ&' Eﬁéﬁ@le&f 30! jfﬁe.l_d ata

woul d be undet ect ed i f val ues were much | ess his would *
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fit cr ria may be detected V\/nenthe correlation I's above/ bel ow
a pr ed(t,:f7 ﬁ%%giweéié'ﬁﬁfﬁrﬁlﬁ?d 19 yaziatiqnsin the fiyx efelectens atrivingat the feiegron36 andis

pr edet eslatddnettie vidld efeininkdielécoons fiva teclrfanodfiti@|wafepzbad the Acident el@troR Gomltheons Wi | |
now beedgofhbdai@8 | N rmre detail to further illustrate the workings of the
present invention. A linear equation for fitting a set of data is shown in
Equation | Theafesg6 depicted indig. 2 showsyorosy spotiompf nGicheigmaion eiche waBodeisdisziroy = ao
o+ ?h Xliries asa(mmﬁagem p@bgé@ﬁésmﬁ{lﬁa&r.tﬂgﬁﬁéi&%@%|hn63r26@£n5 96b mmvug%sts.?ﬁl Jf

mat henmgt | an actual da is e e extended for
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Equat i B [padmeasuring systerp, 38 whes thy regionsmeqr-the ligps2pagnd 26 arg sbstantiadllit s t he
sum of oene squares of the residuals. Equation 4: n Sr = HYy; '

- ao0- ai X- ai X%ﬁe detectR)B gxﬁv)m [7’8 &cekvef téé) Qneestr%ss% otmI tﬁ)e wzifer §! aceewacth &Eector 36 and

det erm nation
preferably dxgmzes the mformauon for the processmg system 44, In addition, the detection system 38 may also

provide filtering or other signal processing of the received signal, as described in more detail below. The
processing system 44 provides critical dimension information to the display 40 and/or stores information in a

memory 46. In accordance with the present invention, the processing system 44 includes a curve fitting software
system for determining if contaminants such as scum residuals 26c are present betweeh or near the lines 26a and
26b. A processor (not shown) is included in the processing system 44 for controlling the beam generating system
34, providing critical dimension measurements, and for performing signal analysis in accordance with the present
invention. It is to be appreciated that a plurality of processors and/or processing systems may be included as part
of and/or external to the CD-SEM system 20 for performing signal analysis in accordance with the present
invention. As will be described in more detail below, signals received from wafer surface measurements are

digitized and analyzed as a data set. By analyzing the data, for example, by employing regression mathematics to



coefficient of determnation is then enployed to determ ne whether the data
is best fit to a |inear equation and/or polynonial equation. The 17 MAY 2004
coefficient of determnation or r2 may be determi ned as foll ows: Equation
5: rz = (WO0/SB7/ S,. wherein St is the total sum of thepegUsyoBI21@r ound

t he nean of the dependent variable y and represents the uncertainty

associ ated with the dependent variable prior to regression. If rz is close

to the vabuwasectasaa@fféreﬂe da:aﬁhlt Mhﬂﬁ d&&ﬂfﬁu %sémm{eb?eewﬁsfa?m@%f&%y% t % ed
cl osely gn gt fnl + % ch| ynom al equati ons describe ove.
The fol | oW ‘8"" %’gffrgr{"'l“? BF HMEFAB e nunerical exanple to illust rate

t he wor ki ngs Bhptdqessqynebmocessmggmm @4is pogramMEdLH ConBbl aﬁd’tfperﬁteﬂ'ewiaﬁ!s data may

‘be obt ai Wo ) rder
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exanpl e, betepmployed finl camyimgputibe pesentivaentions f or t he above equations may be

obtai ned: m _'I"'%)PCWOe 312:2%0 pré'v'f-iils %gﬂg Po\gez lo tEeX?l%SEM %ﬁém 2%5)@%11(?1 %r%%dx%gia 2 _) g_

EXi Yi =157 E[Y%ZYI = 2) E('Yi

0.01272. %‘N\YG bémﬁ'i%refm&%'éw 3‘&d€fyﬁw@tﬂem@) swlbiﬁgumeewwmnso whY Iswi ng
| i near edmpliyedaocantyayt tizgrésdnt intedionas shown i n equations 6 through 8 above:
Equation 9: 6

Equation 11: aﬁ‘ggg%%ﬁg ‘2 E’g %Sﬁmg?@gﬁ (-]dg’gg‘ gpaﬁé’?fﬁ‘f’l:”g ﬁ%ﬂéﬂgﬁ% aé?fzéggﬁzfé&wég
sol ved efrpitenijilinupisy elatrinal ouipn signal 364 fen mmdeebtbm ddaldd @thd il uRh W ess filkhsh, IR uti on
; 0 . B g g leg‘g gafgfﬂl%rﬁ isrsgﬁr%é% Jié{%atva %\I%chmq may be lf,'g%én%] in %grdv?a?el o(r)XsV partEo lél %xgta? lgw 12:
pass filter algorithm in the processing system 44. The signal 36a may need to be smoothed by a low pass filter before
‘ subsequcn; shape analysis occurs by the present invention. An analog to digital (A/D) converter 60, receives the
analog signal provided by the detector 36 and/or low pass filter 50 and converts the signal to digital form. The A/D 60
provides binary data to the processing system 44 which performs critical dimension measurements and performs signal
analysis in accordance with the present invention. The binary data may be stored in memory for subsequent signal
analysis or may be analyzed concurrently with the critical dimension measurement.

Now referring to Figs. 4a through 4d, an exemplary signal analysis in accordance with a preferred
embodiment of the present invention is illustrated. As described above, the present invention is preferably
implemented as a software system operating in conjunction with the CD algorithm of the SEM system. It is to be
appreciated however, that the present invention may be implemented as part of a separate processing system. For
example, the criticé.l dimension signal data may be passed to a post or concurrent processing system to determine the
quality of the particular region measured, It is further to be appreciated that the present invention may be directed to
other systems which provide signals based on surface geometry and/or topological measurements.

Figs. 4a and 4b depict a received signal from a properly resolved and poorly resolved region
respectively. A portion of signal 18 is shown as a relatively flat portion 18a. In Fig. 4b, a relatively curved
portion 18c is shown as part of signal 18b. The size and amount of the received signal portions to be analyzed
may be predetermined, as may be desired. For example, the entire signal width of signal 18 and 18b may consist
of 100 samples. It may be predetermined that the middle 50 samples, for example, are provided to the signal
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17 MAY 2004 WO 01/55737 rz = 0.964. PCT/ US00/ 34214 From equation 12, it can
be observed that the data from Tabl e 82 can be fit to a second ordeU MAY 2004
equation having a slight parabolic curve. By selecting a threshold

or az, aw@1&STd7nation may be nade as to the quality of thEv/usdsazmanpl e.
Alternatively) the Xz coefficient of .032 is so slight that one may deduce
a high degree of flatness fromthe fitted equation indicating that the
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determine the%hape of the recewed data and each such method is contemplated as falling within the scope of the

present invention.

Data depicted by the Graph 80 in Fig. 4c is illustrated in Table 82. The values of Y at given points of X
can be seen to be at or near a value of 1.0 indicating a general propensity of flatness in the received data. It is
noted that the data is preferably to be analyzed with respect to the entire data set. For example, if the data were
merely analyzed at the endpoints X, or X; as being below a certain value (e.g., 1.2), curvature of the data would
be undetected if values X3 and X4 were much less than one. This would potentially allow scummed regions to
escape detection.

According to one particular embodiment of the present invention, a “best fit” criteria is employed for
determining whether a given data set is more closely modeled by a linear or polynomial equation. The best fit
may be determined by performing a statistical analysis on the actual data in conjunction with predicted data
values of the linear or polynomial equations. Based upon the outcome of the statistical analysis, a determination
is made as to whether the data is more closely related to the linear model and/or to the higher order polynomial
model. For example, if the data is relatively linear (e.g., flat signal response), the statistical analysis will show a
substantially higher correlation (e.g., better fit, best fit criteria closer to 1 as described in more detail below) for
the linear model than the polynomial model. By selecting a threshold of correlation for the best fit criteria,
scumming may be detected when the correlation is above/below a predetermined threshold for the linear model
or above/below a predetermined threshold for the polynomial model.

A set of equations will now be described in more detail to further illustrate the workings of the present
invention. A linear equation for fitting a set of data is shown in Equation 1.
Equation 1:
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rz = 0.990. PCT/US00/ 34214 From equation 16) it can be observed that the
data fromTable 92 nmay be fit to a second order equation having a m]rqI*MAY 2004
greater parabolic curve than the data from Tabl e 82 above. As shown

Equati on WO O0Yss73%5 very close to 1 indicating that the datp'mrfgsoymm“cl osely
fit to the curved equation. The X2 coefficient of .344 in Equation 16 is
about 10 tines higher than denonstrated in Equation 11 above. Thus, one may
deduce a hi ghy dagr R ¥ +af (weténuatvdpfe@ntiﬂl@f&u&daﬁ)r%ﬂr&b&deeﬁ%%ﬂ:&ﬁhn&aﬂﬂb&%& i that
t he gi ve@; ), S @ group approxi mates a curve. By predeterm ning the
anount o curvature allowabl e in any given data set, a user nay set a
desired threshold whereby wafer regions producing signals below a
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pr edet erg1 ned curvature threshold are reject I"one above

t hr eshol §IWEM™F i nati ons are preferably nmade concurrently with the critical

.di mensi on rreaﬁaaoerrmxtuzx&anaﬂk"te& native to the above descri bed

enbodi ments) both a |inear and pol ynom al regression may be perfornmed on a
given data set. An ~ correlation is then determ ned for each regression.
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scunm ng was Swbhsd’antiopldya Xt present. Likewise) if the i'z results were
substantial ly diissisnidiar) then a determ nation could be made that scunm ng
was substantially present. Figure 5is a flowchart diagramillustrating a
met hodol ogy f wiierefreSr kepicstgts ud kunk dFeheRfuasEdTihe kddid@Rt i ON. 1 n step 100, the
processi ng system 44 perfornms general initializations to the CD SEM system
20 in prmﬁm‘ﬁon of nmeasuring a portion of a wafer sanple. In step 110)
the processing systeminitiates scanning of the wafer by directing a beam
generating systeth 34 to scan, t he waf LT sanple. In step 120, a signal is
recei ved by tﬁe—délﬁe@tbrx’%xand'@&%ed to the detection system 38: The
signal preferablilis then digitized before being directed to the processing
system 44. In_step 130, the processing system 44 anal yzes the received
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1. A systemfor detecting scumresiduals -(26cl between opposed sidewalls
of two adjacent fines (26a, 2bb) or a contact hole on a sem conduct1qrMA\qoalimr
(2b), the system 5 conprising: scanning neans (34,36) for scanning the

waf er (200 0s873pr ovi di ng a shaped signal ( 18) representimgrvsvessgaqnetry
and/ or topol ogy of a surtace portion of the wafer including the said |ines
or contact hole, the curvature of the signal (18) at each of the said

si dewal k bei ng dependent on the anmount of scumresidual between the

Si dewall{;(ﬁi‘ﬁ&n,g a processing system (44) for analysing the said curvature of
the 10 slgnal (18) at the sidewalls to obtain data representative of the
said curvature) the processing systemfurther conparing the neasured data
with predi ctesk; dalsxiaphesentatiye! ofx#; predet ermi ned curvature to detect
scum resi duals between the sidewalls. 15 2. A systemaccording to claim 1
wherein the processing system conpares the degree of correlation between

t he nedBguasol 8dat a and the predicted data with a predeterm ned threshol d
level. 3. A systemaccording to claiml wherein the .processing system
determ nes the 20 degree of correlation between the neasured data and
predi ct ed dawBKilred TS+ LBXT i+ neaEXillfid Z¥8¥ynoni al regression nodels. 4. A
system accorgj : i pam% ] I (-

det er m ni ng %@%h‘ggmftl@%gsur edg%jﬂ[ g.ﬁ}i{su%f%g.gg é’t"fi)"c%1 ﬂ‘g "%?é‘g'ﬁ}c"?”g‘ﬁ%%‘t a

val ues in t Hiom the given data inTgble §2; andra 21" degreesqyation ilnskensed ferrexample, the follewiggoni al

I egr €S Sde@fmiiHaehe for e abdvéaibdtioNpag 6OGWbine@ 10 any one of the claims 1-4 wherein
the scanning nesas (34, 36) providing the shaped signal {18), conprises a
CD- SEM systemincluding a lens (30) for directing electrons (28) to the
surface of trine2waf6ZXia bt ZHi® 65X er226,3X)* =939; Xvoe 6pr ovi di ng

t he. shaped. .§}gn. - elect S. received fromthe said .surface.
Az, AI\/ENDI%E&%HEE%%#%%G%BEQA met hod for detecting scumresiduals
(26¢) bet weeHYorapos Xir s X otmed. 0279 (NoteoDeatinineinfier cosfficients 26a, 26b} ar a
contact hol gk ARRIRHE HidadauBhetay bd MR BIARM if O RIhSS BB GBI 2
surface portion of the warer including the sali I nes or, contact hole and
detecting a shaped signal (18) representing the geonetry aadl or topol ogy of
5 the Hyuhtoad: portion) the curvature of the signal at each of the said

si dewal | s bei ng dependent on the anpbunt of scumresidual between the

si dewal k; anal ysing the curvature of the signal at the said sidewalls tv
obt ai n dat a SeptSeskei¥uat ve of the said curvature; and conparing the

anal ysed data with predicted data representative of a predeterm ned
curvattiée {0 ﬁi'et erm ne the anmount of scuaa between the sidewalla. 10 7. A
met hod %nd ‘ng to claim®6 further conprising conparing tha degree of
correl ation between the neasured data and the predicted data with a

predet em-i ngd, t,REL AN jevel . 1 S 8. A nethod according to claim6 further
conpri sing compari ng t he degree of correlation 'between the neasured data
and predicted data values in linear and pol ynom al regression nodels. 9. A
met hod Eyastuniti Ng to claim 8 wherein scumresidual is detected by 20
determ ni ng whether the neasured 'data is closer to the predicted data
values is the linear regression nodel or in the polynom al regression

nmodel . gD76P58 + 2233, §979a; = 56.2

Equations 9 through 11 may be solved employing conventional Gaussian elimination techniques. The
solution to the second order equation is shown in equation 12 below.

Equation 12:
y=.032X2-0.161X + 1.11

Equation 13:
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Equation 15:

158y + 55a; + 225a, = 27
Equation 16:

5560 + 22531 + 97982 =111.2

Equations 14 through 16 may be solved employing conventional Gaussian elimination techniques. The
solution to the second order equation is shown in equation 17 below.
Equation 17:

y=.344X?-1.75X + 3.05
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By predetermining the amount of curvature allowable in any given data set, a user may set a desired
threshold whereby wafer regions producing signals below a predetermined curvature threshold are accepted and
signals above a predetermined curvature threshold are rejected. As mentioned above, threshold determinations
are preferably made concurrently with the cﬁtical dimension measurement.

As an alternative to the above described embodiments, both a linear and polynomial regression may be
performed on a given data set. An r* correlation is then determined for each regression. Scumming is then
determined based on whether the correlation coefficients from the linear and polynomial equations are closely
matched. For example, if after perfbnning the correlation function r* for both the linear and polynomial
regressions, and if the r” results were both within a predetermined amount of equivalence, a determination could
be made that scumming was substantially not present. Likewise, if the r* results were substantially dissimilar,
then a determination could be made that scumming was substantially present.

Figure 5 is a flow chart diagram illustrating a methodology for carrying out the present invention. In
step 100, the processing system 44 performs general initializations to the CD-SEM system 20 in preparation of
measuring a portion of a wafer sample. In step 110, the processing system initiates scanning of the wafer by
directing a beam generating system 34 to scan the wafer sample. In step 120, a signal is received by the detector
36 and passed to the detection system 38. The signal preferably is then digitized before being directed to the

- processing system 44. In step 130, the processing system 44 analyzes the received signal shape by fitting a curve
to the set of data received from the detection and measuring system 38. In step 140, a determination is made
based on whether curvature of the data is below a predetermined threshold. If so, the processing system 44
accepts the currently measured wafer sample in step 150 and then proceeds back to step 110 to perform another -
measurement. If the curvature is above the predetermined threshold, the wafer sample is rejected in step 160 and
the processing system 44 proceeds back to step 110 to perform another measurement.

Although the invention has been shown and described with respect to a certain preferred embodiment or
embodiments, it is obvious that equivalent alterations and modifications will occur to others skilled in the art
upon the reading and understanding of this specification and the annexed drawings. In particular regard to the
various functions performed by the above described components (assemblies, devices, circuits, etc.), the terms
(including a reference to a “means™) used to describe such components are intended to correspond, unless
otherwise indicated, to any component which performs the specified function of the described component (i.e.,
that is functionaily equivalent), even though not structurally equivalent to the disclosed structure which performs
the function in the herein illustrated exemplary embodiments of the invention. In addition, while a particular
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‘ INDUSTRIAL APPLICABILITY

The system and method may be used in the field of semiconductor processing such as in tools used for
characterizing a lithography process.
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? adjacent lines (26a, 26b) or a contact hole on a semiconductor wafer (26), the system
5 comprising: scanning means (34,36) for scanning the wafer (26) and providing a
shaped signal (18) representing the geometry and/or topology of a surface portion of
the wafer including the said lines or contact hole, the curvature of the signal (18) at
each of the said sidewalls being dependent on the amount of scum residual between
the sidewalls; and a processing system (44) for analysing the said curvature of the
10 signal (18) at the sidewalls to obtain data representative of the said curvature, the
pfocessing system further comparing the measured data with predicted data
representative of a pred_etermined curvature to detect scum residuals between the
sidewalls. |

15 2, A system according to claim 1 wherein the processing system compares the
degree of correlation between the measured data and the predicted data with &
predetermined threshold level.

3. A system according to claim 1 wherein the processing system determines the
20 degree of correlation between the measured data and predicted data values in linear
.and polynomial regression models.

4. A systém according to claim 3 wherein scum residuals are detected by
detemumng whether the measured data is closer to the predicted data values in the
25 linear regresslon model or in the polynomial regression model.

5. A system according to any one of the claims 1-4 wherein the scanning means

(34, 36) providing the shaped signal (18), comprises a CD-SEM system including a

lens (30) for directing electrons (28) to the surface of the wafer, and a detector (36)
30 for.providing the shaped. signal based .upon.electrons. received.from.the said-surface.
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dependent on the amount of scum residual between the sidewalls; enalysing the
curvature of the signal at the said sidewalls to obtain data representative of the said
curvahxrei and comparing the analysed data with predicted data representative of a
predetermined curvature to determine the amount of scum between the sidewalls.

10 . ,
7. A method according to claim 6 further comprising comparing the degree of
correlation between the measured data and the predicted data with a predetermined
threshold level.

15 8. A method according to claim 6 further comprising comparing the degree of
correlation between the measured data and predicted data values in linear and
polynomial regression models.

9. A method according to claim 8 wherein scum residbalt is detected-by
20 determining whether the measured ‘data is closer to the predicted data values in the
linear regression model or in the polynomial regression model.
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