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222 400 410 220 (57) Abstract: A nmethod for determ-ning confornal 'ZthAPRfZUﬁ’l}

" _process layer (410) includes providing a wafer (205) having a grating

structure (400) and a process.layer (410) forned_over the grati ng

" structure (400); illuninating-at least a portion of the process |ayer
(410) overlying the grating structure (4]00) with a | i ght source (222);°
measuring light reflected fromthe illum nated portion of the grating.. . -

structure (400) and the process. layer (410) to generate a reflection

_ profile; and d il ng.- m : based on,
“the reflection m@%%@m@é¥@ ggqj%ﬁs%%a waf er
(205) having a grating structure (4ONFORMARITYOCess |-ayer (410) formed -
over the grating -structure (400) i ncl udes a Ilght source

~ TECHNICAL FIELD . _ :
i 5 : -'I‘his invenﬁoﬁ relates generilly to the field of semiconductor device,
manufacturing and, more particularly, to a method and apparatus for determining
-';proccss layer~conforma]xty '
BACKGROUND ART
10 US-A-S 867 276 dxscloses a method and apparatus for broad wavelength

' scatterometry The described techmque involves illuminating a sample comprising
lines of photoresist, metal, insulator or semlconductor material, having an underlying
. thin film, and using a spectrometer to analyse the diffracted beam from the sample.
“The diffraction characteristics can be used to determmeparamterssuchasthewﬂth, S
5 hexghtandmdewallanglwofthelm&s : : _
et ...1US-A-4600 597 discloses a method and apparatus for determining the contowr - _
ofaspmwoaedthmﬂmonasemconductorsubstratc Themethodmvolva;
fonnmgaplura]ny of raised, isolated, paranellmcs onaﬂatpomonofthe surface of
asubstrate, andmw.surmgthethusﬁ)nnedhnec. ’I'hcreaﬁer aspm-coatedﬁknof i
20 - vxscousmatenallsformcdoverthelmesandthe substrate, andthcstephexght:sthen .
m&smedw:thaproﬁlometm' Thestephexghtnm&sme&attherwpecﬁvehnesto
determine the planarization contour of the spin-coated ﬁhn. ; -
US-A-5 393 624 discloses 2 method of manuﬁtctm-mg a semlconductor dewce
wrth ultra-micropattern electrodes. Light is projected on a resist film, and reflected
25 ,_hgh; fiom a fiat region is detected to ‘measure the thickness of the resist film.
Subsequem proccssmg steps are controlled based on thc measuxed thlckncss, so that
the elec’trodcs have a desired width.
Semiconductor integrated circuit devices are employed in . numerous
apphcanons, including microprocessors. Generally, the performance of a
. semiconductor device is dependent on both the density and the speed of the devices
formcci therein. A common element of a semiconductor device that has a great impact
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© (222), .a detector (224), and a data processing unit (225). The |ight
source (222) is adapted to illumnate at |east a portion of the pr@gg B 9004

| ayer (410) overlying the grating structure (400). The detector ( ? FQ
~adapted to neasure light reflected fromthe illum nated portion of the

“grating structure (400) and the process ayer- (410) to .generate a
‘reflection profile. The data processing lani t (225) is adapted to determ ne
“conformality of the process |ayer (410) based-=on the generated reflection -
profile. 2 0 APR 2004 1 METHOD -AND APPARATUS FOR .DETERM NI NG PROCESS LAYER
CONFORMALI TY TECHNI EAL FIELD 5 This inventjon rel ates generally to the
- field. of sem°éd?§cﬁ§é?6?anﬂ%%%éfamlﬁﬁhlp§@m areh anste longth srdichente}, to a
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width, 15 heagnncwpmbessomand thealﬂ@; demarfd fasteswitthings transisRora- Accﬁﬁdin@?,ﬁhe :

di scl oses a ar oL..det ermini .the_cont -
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the: surface.of a substrate, and nmeasuring.the thus-ford finés.

Thereafter, aredpeed-to Pl"h?rfm@lﬂ f ¢ cendyctive phanmel between 4 sowreelamber t he

:olrgf6|SI g% te?ed%g%eﬁel gha%ggwngﬁ%%gé%% %espec %e‘% ngt : e
det erni ne theﬂplemmmmegﬂhbgmnndi t.he spi n-coat ed f| i m US-A-5 393 624
m ot opat tern el cot SOEEt et bfhefe SRRt B ion dimetsitn ot | et oc
~light . from atrhisitor] egrmonly SrofteiedCiceds tihe WAREUBARD, NGRS 1OROLRE
R T I G R
!5 maybereduwddownto 02umorhs&Asthechannellengthlsreduwdtoobtamthe c
© - desired switching. characteristic OF the source-drai fine, the length of the gate
electrode is also reduced. . L |
L Trans:storsareﬁ)rmedthmughasenesofstcps Ancxcmplarytranmstor
. structure 100 is descn'bed in reference to F:gmm 1A and 1B. Initially, shaIlow trench
- 20 .isolation regions -105 are formed in a substrate 110 by etchmg trenches into the .
substrate 110- and, thereaﬁer, ﬁlhng the trenchcs with -an appropnatc msulaﬁng
material (e.g., silicon dioxide). Next, a gate insulation layer 115 is formed over the
substrate 110 between the trench isolation regions 105. “This gate insulation ]ayer 115
_maybecompnéed ofavanetyofmatenals,but:t;styplcallycommamdofa
25  thermally grown layer of silicon dioxids.-Thereafter, a gate electrods 120 for the
: translstor 100 is formed by forming a layer of gate -electrode material, typically
polysilicon, above the gate insulation layer 115, and patterning the layer of gate
clectrode material using known photolithography and etching techniques to thereby
. define the gate electrode 120, Of course, millions of such gate electrodes 120 are |
30 being formed across the entire surface of the substratc 110 during this. patterning

process.




Semi conductor integrated circuit devices are enployed in .- numerous -
applications, includi ng mcroprocessors. Generally, the performancel oAPRIBO
senlconductor devi ce is -dependént on both the density and the speed of the
devrces formed therein. A common elenent of a semi conductor device that

has -a great inmpact 2 0 APR 2004 la on- it gpperformance i's a.transistor.

Desi gn features, such as gat e. | engt h and channel . Iength are being .-
steadlly decreased in order to achi eve hi gher ‘package densities and to-
_inprove device performance. The rapid advance of field effect transrstor

design has af fect qd .| A%KYE rpfiink SFbhetfandisiol Y 4 Qe oF ifnPlinth e gbximed,

el ectronics in which'the trdnsistors 5-- ' are operated in_a binar

swi t chi ng mdwhddbypmmdbmmwmmmmf&dn@thﬁmme Typieally, agalo .

nlcroprocessors and the Jik -.de SW d&%ﬂg Olifa
“Accordingly, drelantgis Py e?ﬂé@&a éaﬁfd#ﬁmFL §ﬁlsource regi on

-of afield ef Hﬁ%&&t@%mmﬂopm% ; éﬂarde&ng)tawambm@m #ngt h

or gate |engt I mensi on, -has been - to accel erate the_forpation of

a condurr:]tjve cpbﬁ'mmmld foeteducenthe jonationecapacitancel of thedtransistos| 100 @ $oon as
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referred to as the width di nsrqn extends u the

“di stance -bet wefermed teasg &0 WBﬁ@ﬁ on ‘?ﬁﬁ?n@r{’?ﬁﬁ gt h,

15 may be red dgﬁ@xg &ﬁﬁdgnapqgﬁnhgﬂgth i s reduced
gﬁgggi smntcﬁlng 5II:(Lract rs .

-to obtain the tic of the source=drain Iine,
‘the -length of the gate. electrode is al so reduced. Transistors are f.ornmed
through a series.of steps. An exenplary transi stor’ structure 100 is _
~described in reference to Figures |A and 1B. Initially, shallowtrench 20
isolation regions -105 are forned in a substrate 110 by et chi ng trenches
into the substrate 110 -and, thereafter, flung the trenches with -an
appropri ate |nsulat|ng naterlal (e.g., silicon dioxide). Next;,. -a gate

i nsul'ati on | ayer 115 is formed over the substrate 110 between the trench
i solation regions 105. This, .gate insulation [ayer 115 may be: conprised of.
- a variety of materials, but it-is typically. conprised of a 25 thermally

» grown |ayer of silicon droxrde -Thereafter, a gate el ectrode 120 for the
transistor 100 i's fornmed by farnmng a Iayer of gate electrode material, |
typically polysilicon, above the gate insulation |ayer 115; and patternlng
the layer of. gate electrode rmaterial using known photollthography and

et ching techniques to thereby define the gate el ectrode  120. O course,

~~mllions of such gate el-ectrodes 120 are 30 being formed across the entire .

surface of the substrate 110 during this patterning process. 2 0 APR3ZQQ4




| b To formactive regions of the transistor 100 a series of inpl antrfeﬂ ﬁlEReZUUL
performed, whereby a variety dopant atons nay be inplanted into t

substrate. ically, a halo inplant is performed to- reduce short channel
effects EN(?%Y‘E? ®romthe small dinensions of the transi SCSUSAHEEY |ightly
doped' dram (LDD) or extension inplant is performed to reduce the junction
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generate a reflection profile; and determining conformality of the process layer based on the reflection profile.
Another aspect of the present invention is seen in a metrology tool adapted to receive a wafer having a

grating structure and a process layer formed over the grating structure. The metrology tool includes a light

35  source, a detector, and a data processing unit. The light source is adapted to illuminate at least a portion of the
process layer overlying the grating structure. The detector is adapted to measure light reflected from the
illuminated portion of the grating structure and the process layer to generate a reflection profile. The data
processing unit is adapted to determine conformality of the process layer based on the generated reflection
profile.
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DI SCLOSURE COF | NVENTI ON One aspect of the present invention is seen in

nmet hod for determining conformality of a process |layer. The nethod 20 APR 2004
i ncl udes providing a wafer having a grating structure and a process |ayer
formed oWEP 0¥PE87830 grating structure; illuminating at | cBSWUSP2H8%20i on of
the process |ayer overlying the grating structure with a |ight source;

measuring light reflected gﬂlggthg@RilJﬂWbﬁ}%ﬁ_%w? & of the grating

structure and_t he process |ayer to Efgrenerate a reflection profile; and
det er mi ni ng c &M IBYSHEGR %Y bppnderigod by gelerense forflefolloyngedgscaiption fakery i ponisastion it
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gener ted refﬁlectl Qn I’Ofl le. 40 -2 2 0 APR 2004 WD 02/ 097878
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simplified flow diagram of a nethod for determ ning conformality I

process ??iﬁ?% in 15 accordance with another illustrative enbodi nent of t he
present invention. Wi | MQDES) RORCARRYINGOUGTTHEENVENHONO vari ous
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effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

30 Referring to Figure 2, a simplified diagram of an illustrative processing line 200 for processing wafers
205 in accordance with one illustrative embodiment of the present invention is provided. The processing line
200 includes a deposition tool 210 for depositing a process layer on the wafer 205. In the illustrated
embodiment, the process layer may be an insulting layer, (e.g., silicon dioxide or silicon nitride) that is formed
over a grating structure (e.g., gate electrode). Particular techniques for depositing process layers of various

35 composition are well known to those of ordinary skill in the art. An exemplary tool suitable for use as the
deposition tool 210 is a plasma-enhanced chemical vapor deposition (PE-CVD) tool, such as a Concept 2
offered by Novellus Systems, Inc. Corporation of San Jose, CA. Variations in the deposition operations of the
deposition tool 210 and the geometry of the features formed on the wafer 205 underlying the process layer may
cause variations in the conformality of the process layer as previously described.
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35  conformality model is generated and updated by the process controller 230 or other processing resource based

on the actual performance of the deposition tool 210 as measured by the scatterometry tool 220. The

conformality model may be trained based on historical data collected from numerous processing runs of the
deposition tool 210.

Based on the measured conformality of the process layer 410, the process controller 230 may modify

40  the operating recipe of the etch tool 240 to control subsequent etch processes. The width of a spacer formed
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- i profile comprises generating reflection profile based on at least one of intensity

and phase of the reflected light.

4. - A method as claimed in claim 1, wherein determining conformality of the
30 _process layer (410) further comprises: -
comparing the generated reflection profile to a target reflection profile; and




9 2*0 _APR 2004 CLAIMS: 1. A nethod for determ ning confor

process | ayer (410), conprising: providing a wafer (205) nﬁ%’#’%"ge?'ge'gf’a?l ng
structure (400) including first and 5 second surfaces, and a go&ﬁgipb yer
" (-410). forned over the grating structure (400); Mng at .leas n of
the process layer (410) overlying the grating structure (400) W|th a light

. source neasuring light reflected fromthé ilium nated portion .of t he ZBAPRZUBL

grating structure (400)*and the process Iayer (410) to generate a
refiection profile; and 10 detaining conformality. of the process |ayer
(410) based. on the reflection "profile- by deternm ning.a relationship

bet ween a t hi ckneditegnining copfossaliy Oféhﬁepfomh)'cr (é\]@)’baserbow.ithes@omparme and

a thickness- r.at nd surface. 15 .2. A
net hod -as cl a&ﬂl%&hﬁ%@%%&n%@;&n%% ﬁ?f‘ ormality of the ‘
process Layer (410) farther conpri ses: corrparl ng the generated reflectl on -

profile to a I|brary 232) of .reference reflection profiles, each-
ref erence reff-ectifh ladmed g amy e!ysolecm Ictnfdorfathért porffxising

| ‘ect file f.to th '
Sot ot | oy EERARESLIEH § éﬁ?xﬁ%’ b or e Sty of fErBEE 10t Q)% ( 410)

based on t he 240phbaedat the @ eteﬂﬁhéd«bn&ﬁﬁﬁmjy.at ed’ Wlth the sel ected reference
reflection profile. 25 3: A nethod as" clainmed in.claim1 or claim-2;
wherein generating the reflection profilé conprises generating.the

" refrection prefil & heasd «8laed M%VM the_
reflected ||96|‘)lt ?\A rretér?gd as cf%i%g ?c er q'h%g?‘e _

‘conformality. mm:xlpﬁasprawbﬁme séebhd surfface tcomprisss rsideawall: of(ammrl ng .

t he- gen ated sedl eét'h;% or flle%% targe@lereflect on oflle and -

- Repl ace t mm ocess

- tayer (410) hhteaﬂmgatmmmaaﬁamessfoﬂm@ PIOCES aee royﬁi}sgﬁou%epﬂﬁfl l'e

andthetarg Wﬁi cti-on profile Arrethod ascalnedln any one of -

cl.aims- |- P’Pfﬁ %B%@F’h lh’SE’éféi (@%M@dmﬂnt er of.

an ‘oper at i ng sfdewmmqfﬂ@m@\sﬁaéw lispodh Vel |
"determ ned conformality. 6. A nethod as cﬁﬁal med I n any one o?‘the pr ecedl ng
clainms, wherein.the first surface conprises a substrate and :the second

surfacelgorrprlyi ses A ?,@mg&ty ]Et ) Wt&%pgigg%o%oﬁhﬁ substr fe. and

determ ning the con ar t’her *conprises one of

a tress of t yaugung (6% ipchyding vt @94 sboapbaeticaaysid 4 Process layer (410) fvﬂned
‘ overthc  grating structure (400), compnsmg:
. ahghtsoutce(222)adaptedtoillunnnateatl&staportxonoftheproowslayer
L . (410) overlying the gratmg structure (400); -
20 a detector (224) adapted to measure light - reﬂected from the illuminated
: -porhonoftbcgrahngstmctme(400)andﬂzeproc&slaycr(410)to generate a
reflection profile; and . :
a data processing unit (275) adapted to determine oonformahty of the process '
* layer (410) based on the generated reflsction profile by determiniog a relationstip |
25 +=-betweena-thickness of the process laycr (410) over the first surface and a thcef
' - the process layer (410) over the second surface.

8. A metrology tool as claimed in claim 7, wherein the data processing unit (225)
is further adapted to compare the generated reflection profile to a library (232) of
30 reforence reflection profiles, each reference reflection profile having an associated
conformality metric, select a reference reflection profile closest to the generated




- si¢dewal | .and a ratio between a thickness the process. Iayer 410}‘_&5‘&%%3%
. over the sidewall and a thickness of the process |ayer

" over the -substrate . 15 7. A netrology tool (220) adapt ed tql QMZ@@%

waf er (205) having.a grating -structure (,ny. including first nd
surfaces, and a process layer (410) fornmed, over the grating structure:-
(400), conprising: source (222) adapted tid to at least a portion -of X(hA&PR 2004
“priocess | ayer (410) overl y| ng the grating structure (400); 20 a detector -
((224) adapted " to neasure light -reflected fromthe Il um nated -portion

. of the gratln truct eg&g%ﬁ an éééte rocess |ayer ) enerate a
tef | ecti.on pr Bi?ﬁ}e gf“ﬂtnﬁ "Efﬁ'mﬁliew M?wgﬂéﬁ @ nmine
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profile by determninga re ai c process
| ayer (410) over the f| rst surface and a thickness of t he process I"ayer

(410) .over the se urfa r.ol QO| Ial ned.in claim?7,
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profiles, each@;zf erence reflection pg%ﬁsggﬁ%&%ﬂg%ggsom t%ﬁf
conformallty pEthe reflectedlightt a reference reflection profile closest to "t he
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reflection profile, and determi ne the conformality of the process |ayer

(410) based ofo. s meology Wl ol Mkl a7 GlcRi the il odelnlicobsy!
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reference ref|ectjon pr
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generated reflection profile and the target reflection profile.






