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{54) Title: METHOD AND APPARATUS FOR DETERMINING PROCESS LAYER CONFORMALITY

(57) Abstract: A method for determining

conformality of a process layer (410) includes
providing a wafer (205) having a grating
structure (400) and a process layer (410)

224
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Processing

formed over the grating structure (400);
illuminating at least a portion of the process
layer (410) overlying the grating structure
(400) with a light source (222); measuring
light reflected from the illuminated portion
of the grating structure (400) and the process

Data
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layer (410) to generate a reflection profile;
and determining conformality of the process
layer (410) based on the reflection profile.
A metrology tool (220) adapted to receive a
wafer (205) having a grating structure (400)
and a process layer (410) formed over the
grating structure (400) includes a light source
(222), a detector (224), and a data processing
unit (225). The light source (222) is adapted to
illuminate at least a portion of the process layer

...

(410) overlying the grating structure (400).
The detector (224) is adapted to measure light
reflected from the illuminated portion of the
grating structure (400) and the process layer

(410) to generate a reflection profile. The data
processing unit (225) is adapted to determine

220 conformality of the process layer (410) based
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on the generated reflection profile.



waf er (205) having a grating structure (400) and a process |ayer (410)
formed over the grating structure (400) includes a |light source %@522)0@4

" . detector (224), and a data processing unit (225). The Iight source (

i-s adapted to illumnate at least a portion of the process |ayer (410)
" overlying the grating structure (400) . T{te detector (224) is adapt ed.to
‘measure light reflected fromthe illum nated portion of the grati ng '
structure (400) and the process |layer (410) to generate a reflection
profile. The data processing unit (225) is adapted to determ ne

conformality of ’ | ection.
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CONFORMALI TY TECHNI CAL FI ELD 5 Thi LONFORMADITE! at es general-ly to the
field. of sem conductor device, manufacturing and, nore particularly, to a

met hod and apparatus for. determ ni ng process |layer conformality .

BACKGROUND ART 10 US-A-5.867 276 f, WM hod and apparatus for
. broad wavel ength scatteronetry. The des chni que invol ves - -

‘illum nat§ng a .sanfhie Beemions relges | genealipf topliad ekl ioft seniedndlictor Ndavical or * or
sem conductor material, having. an underlying thin- film and.using a

- spect r onet er mnaﬁm%emmmleh 5@ nfoethesh aod ppamas dor . defegmining
. diffraction c ﬂffg&t be -used to determ ne paraneters such as the
~width, 15 he&5 ‘ﬁrg{m gewal? angles of -the lines.. US-A-4.600 597 :
di scl oses a rmd and apparatus.for determ ning. the cont our of a

spin-coated thin filmon a senico G &@Qﬁ . The method invol ves
Bl GrogNpARLT | i

~foermng a plurality of rai-sed, .isotat | mes on a at portion.of

the: surigce.of aysubstset e76 AAMIOIRAE UhétBsl] bAP abPiisiiu F10brobd) Savelength

Thereafter, a .5pin-coated fllmof 20 vi scous paterial is formed pver the :
lines and t he seaisemmelive, Thndescrbeds esbnmqgm gssillupmaating g SAmRising

profilometer. h&%ﬁh@&r&ﬁ&ﬁe&? RIARY b?gexﬁﬁoﬂdti@tof BERFEL ¥fing ér['ﬁﬁdeﬂ?ing
: thmﬁlm,andusmgaspm&omdertoanalysethedlﬁ}actedbeamﬁomthesample
“The diffraction characteristics can be used to determme paramters suchas thewxltb,
15 hexghtandmdewallanglwofthelmw : : _
.. TS-A4600597 discloses a method and apparatus for determining the contour - _
ofaspmwoaedthmﬂmonasemconductorsubstratc Themethodmvolva;
fonnmgaplura]ny of raised, isolated, paranellmcs onaﬂatpomonofthe surface of
asubstrate, andmw.surmgthethusﬁ)nnedhnec. ’I'hcreaﬁer aspm-coatedﬁknof i
20 - vxscousmatenallsformcdoverthelmesandthe substrate, andthcstephexghtxsthen .
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 ,_hght 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
formed therein. A. common element of a semiconductor device that has a great impact
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- ~through a ser

- detrerm,.ne the planarization contour of the spin-coated fiim US-A-5 393 624
di'scl oses a nethod of nmanufacturing-a sem conductor device wth ul qﬁ R 20
mcropattern el ectrodes. Light is projected on a resist film and retlec gﬁ

“light .froma flat region is detected to nmeasure the thickness of the
‘resist film Subsequent - processing steps are controlled based on the
~measured thi-ckness, so that. the el ectrodds have a desired width.

“Sem conduct or |ntegrated circuit devices are enpFoyed in . nunerous
appllcatlons i ncl udi ng m cropr-ocessors. General l.y, the performance of a 30

sem conduct or degvice is dependent on both the density and themsﬁeed of the
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swi t chi ng made. I'n parti cul
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Accordingly,-: NG een t he drain_region sour.ce rég| on
of afield ef F@@P"ﬁdi?"'g‘ﬂ% ‘?‘8%’“ %F "““"g%%ﬂ?te‘f%mm?ength
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a conductive channe ‘bet ween_a sour.ce -and 10 - drarn electrode as soon as
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el ectricgy DaRk akt has begen

creat ed V\/nere the Iongl tusg gf dl rreng% o1€ %iﬁ%%rarﬁ}s@s#o verstﬂﬁ%ﬁf
referred to aﬂlctehehmldtmmgmnndxtends up to 20m . wher eas. the‘ -
di stance - bet ween { he draln and- urce r.egi pns .. t.he, channel | ength,
15. ey be reduced% W%F%g@m&ﬁ ehch:lﬂ %f]qa%duced
. “to obtain thetraxﬁisair,r e&inmw:ljrcﬁfamd f&laﬁaﬁé%&ﬁtdﬁeﬁoir&téx%”@etdjm I''ne,
the. Il ength of s el ectrode .is, a so reduced, TranS|stors are ormed

e His) depip a0 spiare regionssi 6. the
descr.i bgg in m&jw&ai@duawﬁltewmbfwﬂs&ﬁchhﬂie %@%ﬁ?y%l o8 enCh 20

___isolation regions, -105 are formed in a substrate ches
into the subs{asifed switching, gharastevistigt ol the soungegdirair ehnereth@ﬂmgﬂmdﬂ‘ltheagne ‘

appropriate |é1§dﬁloa§ %r@é‘di al (e.g., silicon-dioxide). Next;,. a gate

insulation |ayer 115 1's forned over the substrate 110 between the trench
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-~ isolation regions T;gylstom.age @md thowight 4 mﬁa;fetcpt.lan exemplary transistor

_ structure 100 is descn'bed mrcfcrcmc to F:gmm 1A and 1B. Imually, shaIlow trcnch

- 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.




may be conprised of a variety of materials, but it is typi-cally. conprised -
of a 25 thermally grown layer of silicon d| oxide.-Thereafter, a gatd APR 2004
el ectrode 120 for the transistor 100is formed by forming a | ayer of gate
el ectrode material, typically polysilicon, above the gate insulation |ayer
115,. and patternlng the Layer of gate- eljgctrode material using known
photollthography and- etchlng techni ques to thereby define the gate

el ectrode 120. .Of course,” ml|lions of such gate el ectrodes 120 are 30 belng
~ fornmed across the entire. surface of the substrate 110 during this
patterning procesgy, M@Wok%ﬁ&&ﬂbﬂmgﬁ&mﬂpﬂt&wp&ﬁm@
transi stor. 100" a séri€es o | ants are. performned wher eby a variety-
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"transistor -1 ere ter ~relatively high concentratlon dopant
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110 and gate %ﬁ?éf's ttl?n:'(?x Adeodd P30, T fBi thet ropi cal |y

- etched unti |- fﬁ%ﬁgh S ra%e 1&0 I S expose %eaV|ng a portion of the * .

‘insul ating layer 130 adjacent the gate el ectrode 120 intact-to form-the
spacers 125. Subsequently, a second set of spacers (not shown) may be

_ formed over the spacers 125 to define the boundaries for the 5. source/drain
i nplant. Typically, the second set of spacers (not shown) are f or ned usi ng
a layer of silicon nitride in the same manner. The eventual wi dth of the
spacers 125 is determined, at |least -in part, by the thickness of the
porti'on of the insulating layer 130 disposed over the sidewalls. 135 of the
gate el ectrode 120. The time required to. conplete the etch process to form
~ the spacers®125 depends on the-thickness of the portion of the insulating

- layer 10 130 di sposed over the. substrate 110 and top surface 140 of the
dgate él ectrode. The confornality. of a Iayer such as the insulating |ayer
130 is defined-as the ratio between the "sidewall deposition thickness "X".
(i.e., perpendicular to the substrate 110) to the -flat area deposition '
thickness "Y' (i.e., parallel to the substrate 110). The conformality of a
~~deposited |ayer varies-with respect to the particular material being -
deposited and the density of the underlylng features A process Iayer

- depOS|ted over a




15 | ow density topography typically exhibits a higher degree of 0L
conformality. The conformality of the layer wultimately affects thez[w\%w
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i s deposirduipls QVRFH &odd. ating structure; Figure 2 is a sinplified diagram of

an illustrative processing line for processing wafers in accordance
DISCLOSURE OF INVENTION

One aspect of the present invention is seen in 2 method for determining conformality of a process

layer. The method includes providing a wafer having a grating structure and a process layer formed over the

30  grating structure; illuminating at least a portion of the process layer overlying the grating structure with a light
source; measuring light reflected from the illuminated portion of the grating structure and the process layer to
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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with one illustrative enbodi nent of the present invention; Figure 3 is
cross section of an exenplary sem conductor device incl ud| ng a test ZﬂA[’R High
structure for nmeasuring the conformality of a process layer; 10 Figure 4
is a si mYPPEY8T ew of the scatterometry tool of Figure ECVBHBE82%ith a
wafer including a grating structure; Figures 5A, 513, and 5Cillustrate a

library of exenplary scat tlﬁﬁgg@hwR UﬁﬁF'ﬁﬁbﬁ&Wﬁ#@é acterize the wafer
an

measured in t escatterorret?rjgytoo g)é ure 6 is a
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been $hotwfeRsyitedayr veratingsmstes: i n t he drawi ngs and are herein described in

detail. It shigutd ibesimiges atgaadof ammal\éﬁre,prac&ah ifdQor e Eskih P dfRHin R&EAkRe OF
not to limt t%t invention to the

specific ed

particul & ¢ ﬂ‘bneqlu raﬁ]’esegtbggrgﬁ“ °t16%tpr68‘??t PHEU®ontrary, the intention is to cover
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spirit apgisstm g,ecmfor&%e}l_&frg\be@;sgghas defined by the appended clains.
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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 It should be borne in mind, however, that all of these and similar terms are to be associated with the
appropriate physical quantities and are merely convenient labels applied to these quantities. Unless specifically
stated otherwise, or as is apparent from the discussion, terms such as “processing” or “computing” or
“calculating” or “determining” or “displaying” or the like, refer to the action and processes of a computer
system, or similar electronic computing device, that manipulates and transforms data represented as physical,

40  electronic quantities within the computer system’s registers and memories into other data similarly represented
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structure 300 dlscussed above in reference to Figure 3. The scatterometry tool 220, includes a light source 22
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2
and a detector 224 positioned proximate the grating structure 400 and process layer 410. The light source 222
of the scatterometry toql 220 illuminates at least a portion of the process layer 410 overlying the grating
structure 400, and the detector 224 takes optical measurements, such as intensity or phase, of the reflected light.
A data processing unit 225 receives the optical measurements from the detector 224 and processes the data to

35  determine the conformality of the process layer 300.
The sc‘atterometry tool 220 may use monochromatic light, white light, or some other wavelength or
combinations of wavelengths, depending on the specific implementation. The angle of incidence of the light
may also vary, depending on the specific implementation. The light analyzed by the scatterometry tool 220

typically includes a reflected component (i.e., incident angle equals reflected angle) and a refracted component
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In another embodiment, the process controller 230 or other external controller (not shown) may be

adapted to compare the measured reflection profile to the reference reflection profile library 232, In such a

35 case, the scatterometry tool 220 would output the matching reference reflection profile, and the process
controller 230 may link that reference reflection profile to an associated conformality metric.

In another embodiment, the measured reflection profile may be compared to a target reflection profile

selected from the reference reflection profile library 232 for a process layer 410 having a known and desired

conformality characteristic (e.g., conformality of 1). For example, a target reflection profile may be calculated

40  for a process layer 410 having an ideal or acceptable conformality profile using Maxwell’s equations, and that
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other than as described in the claims below. It is therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations are considered within the scope and spirit of the

invention. Accordingly, the protection sought herein is as set forth in the claims below.
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"25 3. Amethod as«~clairaed in claim'1 orclaim2, wherein generating the reflection
profile oompnm generatmg the 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




1. A nethod for determ ning_conformality of a process IayerRézH&?%B age
conpri SI ng: . providing a wafer (205) having a grating structdh P r

i ncl udi ng first and 5 second surfaces; and a process |l ayer ( #Lg) If’IQ p‘@g
“over the grating structure (400);" Mng at .least a portion o 'Ih 3 ess
| ayer (410) overlying the grating structure (400) -with a light source

- nmeasuring light reflected fromthe illumbtated portion of the gratingyg APRZ[]BL

structure.(400) and the process | ayer (410) ‘'to generate a reflection
profile; and .10 detaining conformality. of the process |ayer (410) based.
on the reflection rofile- by determining a rel ationship between a
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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
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conpare the generated reflection profile'to a library (232
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