3 0 MAR 2006 1 5 METHOD AND STRUCTURE FOR CALI BRATI NG SCATTEROVETRY BASED
METROLOGY TOOL USED TO MEASURE DI MENSI ONS OF FEATURES ON A SEM CONDUCTOR
DEVI CE TECHNI CAL FI ELD This. invention relates generally to sem conduct or
fabrication technology; and, nore particularly, to a nethod and a
structure for calibrating a scatteronetry-based netrolog% aﬂgl sed to
measure di mensions of features on a sem conductor device. 33 & GROUND ART
WO A- 02/ 13232 di scl oses a nethod for neasurenent of critical 'dinensions-
by irradiating a test pattern on a surface of a substrate with X-rays. In_
one enbodinent,. a collimator is , used to collinmate the irradiati ng beam
The collimtor conprises a grating of ridges having a pitch equal'to the
pitch of ridges-in the test 15 pattern Wien the X-ray beam fromthe
collimator is incident on the test pattern, interference occurs, and the
interference pattern can be neasured by a detector whilst the collimator ..
and test pattern are translated relative to each. other. There is a
constant drive within the semi conductor industry to increase; the
operating speedMEfHODARDSERGCIURE FORICALIMRANINGSSCATTGROMETRY-OPr 0CESSOr S,
menory devi ces, éég #4rbiBc Qg Eﬁkénﬁ%hdﬁsﬁﬁbﬂ NYpEconsuner denmands

t

for conputers an PeCironr e devi ces erate at Increasingly greater
speeds. This denand f oFEATHRES OFASEMPCONPUGIIRDEVICEt o i n a conti nual

reduction in the size of sem conductor devices, e.g., transistors. That

i's, many cpnponents of a typi cCapednr@Afimelhect transistor (FET); e.qg.,
channel | ength, junction depths, 1Igate I'nsul ation thickness, and the I|ike,
are. reduced. 25 Iiéﬁsmé%%ﬂ?ﬁl@s”&f"f Y &y srmionduptpriabucation teclyologiaml, t he smal |l er t he
channel 1 engt hooff pattitidasly, tts & fiethod tadira stridage fhraxslibatingtahveatteromengbadédor Wi | | oper at e.

Thus, there '%&J%wl@e@bwmﬁm oS o Ui ddifior a5 CaI &, Of L he

conponent s of Ical transistor to Increase t overal | speed of the
transistor, as well as integrated circuit devices incorporating such
transi stows 30 By way of backBAGKGROUNBARTI | ustrative field effect

transistor 10, asweAg gryzmmlﬁmapafm%mm@&m%ﬁp&m asurface | |A

of a sem conduct i ng trate or 1 conprised of
doped- si | i con. Yl“i'?d% pEyFatem g2 fippRiohg PhrsgVith Xdvei M8t | devi ces,
mllions of trahdineitos@llimstrdiusaio cdlinete ithe lingditting bdame The wlligitet or 10 depi ct ed

in Figure. 1, c@tﬁpﬁ_ses a grating of ridges having a pitch equal to the pitch of ridges-in the test
15 pattern.  When the X-ray beam from the collimator is incident on the test paitern,
interference occurs, and the interference pattem can be measured by a detector whilst
the collimator and test pattern are translated relative to each other.
There is 2 constant drive within the semiconductor industry to increase- the
operating speed of integrated circuit devices, e.g., microprocessbts, memory devices,
20 and the like. This drive is fueled by consumer demands for computers and electronic
devices that operate at increasingly greater f;péeds. This demand for increased épéed

has resulted in a continual reduction -in the size of semiconductor dévices, eg.,
transistors. That is, many components of a typical field effect transistor (FET), e.g.,
channel length, junction depths, g:;te insulation thickness, and the like, aré. reduced.

25 For example, all other things being e;;ual, the smaller the channel length of the
transistof, the faster the transistor will operate. Thus, there is 2 constant drive to
reduce the size, or scale, of the components of a typical transistor to increase the
overall speed of the transistor, as well as integrated circuit devices incorporating such
transistors.

30 By way of background, an illustrative field effect transxstor 10, as showm in
Figure 1, may be formed above a-surface 11A of a semiconducting substrate or wafer



formed above a sem conducting substrate. The substrate 11 may be doped with
either Ntype or P-type dopant materials, for exanple. The transistor 10
may have a doped 5 polycrystalline silicon (polysilicon) gate electrode 14
formed above a gate insulation |layer 16. The gate electroggMagzggd t he
gate insulation layer 16 nmay be separated from doped sourceldrain regions
22 of the transistor 10 by a dielectric sidewall spacer 20. The
source/drain regions 22 for the transistor 10 may be forned by

perform ng-one or nore ion inplantation processes to introduce dopant
atons, a g., arsenic or 10 phosphorous for NMOS ‘devices, boron for PMOS
devices, into the substrate it Shallow trench isolation regions 18 may be
provided to isolate the transistor 10 electrically from nei ghboring

sen conduct or devices, such as othgr transistors- (not shown).
Additionally, * although not depicted in Figure 1, a typical integrated
circuit device is-conprised of a plurality of conductive interconnections,
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20 material, etc., are formeéd to very precisely controlled dimensions. Such dimensions
aré sometimes referred to ag the critical dimension (CD) of the feature, It is very
important in modern semiconductor processing that features be formed as-accurately
as possible due to the reduced size of those festures in such modem devices: The gate
electrode 14 has a critical dimension 12, ie;, the width of the gate electrode 14, that
25 approximately corresponds to the channel length 13 of the device when the transistor
10 is operational. Gate electrodes 14 may now be patterned to a width 12" that is
approximately 180 nm, and fisrther reductions are planned in the future, e.g.,-120 nnL
Since the width 12 of the gate electrode 14 corresponds approximately to the channel

length 13 of the transistor 10 when it is operational, even slight varia-




typically neasure the critical dinmension of the resulting features to
insure that manufacturing operations are producing features 3\i AR 2006

di mensions that are within a previously determ ned acceptabl e range.
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The invention may be understood by reference to the following description taken in conjunction with the

Pt

accompanying drawings, in which like reference numerals identify like elements, and in which:
Figure lis a cross-sectional view of an illustrative prior art transistor;
Figure 2 is a plan view of an illustrative wafer depicting several production die and a plurality of grating
structures formed above said wafer; .
Figure 3 is an enlarged view of an illustrative array of grating structures that may be employed with the
~ present invention; and
Figures 4A-4B depict one illustrative embodjment of an illusirative grating structure that may be

employed with the present inventjon.
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-2 3 0 MAR 2006 MODE (S) FOR CARRYI NG OUT THE I NVENTION Il lustrative
enbodi nents of the invention are described below. In the interest of
clarity, not all features of an actual inplenentation are deapq}”ﬂgmﬂ' n
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microprocessors, ASICs, memory devices, etc., will be formed. The size, shape and number of die

42 per wafer 31 depend upon the type of device under construction. For example, several hundred

die 42 may be formed above an 8-inch (203.2 mm) diameter wafer 31. The production die 42 are

separated from each other by scribe lines 42A. After the fabrication processes are completed, the

wafer 31 will be cut along the scribe lines 42A, and the production die 42, containing the integrated

circuit device formed thereon, will be packaged and sold.



die 42 define an area of the wafer 31 where production int egrat ed ci r_cuit
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Meas ur thégating stucttiresS60A-E may be varied depending upon the features to be measured using a scaiterometry
tool. The grating structures 60 may be comprised of any type of features 38, e.g., metal lines, STI structures, gate

electrode structures, etc. In the case where it is known that a plurality of features will be formed above the wafer
32 to a nominal critical dimension of 100 nm, the grating structures 60A-E may be comprised of features that
have critical dimensions that vary about this nominal value by a kriown amount, i.e., a fixed offset. For example,
in one illustrative embodiment depicted in Figure 3, where the nominal critical dimension of the feature is 100
nm, e.g., gate electrode structures, the array 61 may be comprised of five grating structures 60A-E, each of which
is comprised of features having critical dimensions of, respectively, 110 nm, 100 nm, 90 nm, 80 nm and 70 nm.
That is, the critical dimension of each grating structure 60A-E is defined by the size of the features 38 that
comprise the grating structure 60A-E. The particular sizs of the critical dimension of the features 38 comprising
the grating structure 60A-E and the incremental difference in the critical dimension of the features 38 comprising
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sizes of each grating structure 60A-E, may be varied as a matter of design choice.

Through use of the present invention, scatterometry-based metrology tools may be accurately and
reliably calibrated to enhance the accuracy of the critical metrology data obtained by such tools. For example,
due to the complexity of modern semiconductor processing tools, there will be variations in the size, e.g., critical
dimension, of features formed on a wafer. While scatterometry tools may be accurately calibrated to a known
nominal value, in measuring feature sizes that vary from this nominal value, undesirable errors may be introduced
into the measurement process. That is, if a scatterometry tool is calibrated to measure critical dimensions having
a target value of 100 nm, unwanted errors may be infroduced in the measurement process v»:hen the scatterometry-

based tocl is used to measure critical dimensions above or below this value by a significant amount. The present .
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of the feat Un@gnefaDihé bclifbroBBitodi PE(se Fighe AR) inGlaltRPSHPR VAL, bfeiSas an ellipsometer
or reflectometer, and a data processing unit loaded with a scatterometry software application for processing data
collected by the optical hardware. For example, the optical hardware may include a Model OP5230 or OP5240

with a spectroscopic ellipsometer offered by Thermawave, Inc. of Fremont, California. The data processing unit

may comprise a profile application server manufactured by Timbre Technologies, a fully owned subsidiary of
Tokyo Electron America, Inc. of Austin, Texas and distributed by Thermawave, Inc.

Portions of the invention and corresponding detailed description are presented in terms of software, or
algorithms and symbolic representations of operations on data bits . within a computer memory. These
descriptions and representations are the ones by which those of ordinary skill in the art effectively convey the
substance of their work to others of ordinary skill in the art. An algorithm, as the term is used here, and as it is

used generally, is conceived to be a self-consistent sequence of steps leading to a desired result. The steps are
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Furthermore, no limitations are intended to the details of construction or design herein shown, 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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di mensi on Qf at,.|east, one pr.odycti on feature fornmed above.a.wafer i.ng a
scatt er ome?'r y tgh? F‘eﬁllg’éls‘ifr(tﬂ?fale i pl’dﬂ’@rﬂ? meaRt it f’ilt)}ca&?hrﬁ?rﬁqnn(gsat
struct s esjcher dRGpradRM RN felt@rordiBed UBbRda WakrI3 &Y 4 8AO ABEAterdR&ky todR ey of

the grating structures having a different critical dinension, and
cor r ect i ngcerhprises avaswihgor ¢riticehdimgingien of anleast onhproductiaaisatuesorpedehadei on

feature based_.u t he nmeasurenent, of -, he,at | east.one grafi. ure.
| anot her SRARIRS Dalstie BB R oo b Rl Mo R R0 S Biftd gTat et
plurality ehe of Déhaflbwarench Boladbe S gatbel¥@rciewahetire dndradonguaivellimeal i ty of
grating structures above the wafer, each of the grating structures
conprised of a plurality of features each having a target critical

di mension that fi i tkcal édi LoRn of i

st ruc 8 6, Soach Bf EREGRAARSA T Ghich 1 B lef 27 N Aep e I B of o

di r’rgnsi on, pwﬂﬁyrbmgre&ingr sfractates @OARBY iformeaf lahbvd gaiglt wafee Gfl) tseng said
production features usjng a scatteronetry tool, asuring at.least .gne of
the grati ?Fg’*t@fom?éltyd%lsag}s iCAg) ?*%F@é%%?%?%’r?@%f?i/(@eéoﬁ) {I%V%% diffRred crtica
measured cpi.tl Lens : I I I Igyone
grating st ?fl??:étngi?%’ gda 1Cg%%g%§r%r%attlﬁa§§%%ea%€glg§%ﬁ"€ ?ggﬂ@ifliéltsﬁg%tgfegrgé(%? Et)he at
| east one furagdcibooa saitleatfar €3 Hasag sadscatecomgieyr iood 1§74 tashent sad gratiagur ed
critical dinension of the.at, |east ane feature on the at .least .one.
grati ngS st FW‘HP%{@Q%E? R%V”P%? guferentcpfical digensinns p Sisst S?lﬂé’llfrgléaté'ﬂf éraglﬁlgt he
at | east ol (d0A-BY hakGha'h Rritidd) ARHENRI 4SS aOfirst §15e, RE %ﬁﬁ%e'o@‘é&ﬁﬂ&ﬂ&ﬁ‘lity

better netrology data nay be obtained in the course o . )
of grating structures (60A-E) having a critical dimension of a second size, said second

size being greater than said first size, the remainder of said plurality of grating structures
(60A-E) having a critical dimension that is less than said first size.
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manuf acturing integrated circuit devices. The present invention may al so be
useful in determning the efficiency of various processes perfor [ﬂ in
manuf acturing integrated circuit devices. In general, the préélef‘ﬂﬁRr_Tzﬁ vention
may result in inproving device performance and increasing production

yields. Theg pa”rh&mea{od%ba%{saghscmm,' P5£9, FROE AkSsurinbUs 1AL byeorn! v,

as the invention nmay be nodified and practiced in different but equival ent
manner s apparaity ¢fogtatingestsictidee d6DA-Ehdormmad hbonenspit hewafser(@l) s sdid

bert or moa TGy dhay DRt of A Beits S SHBORT e &G Fieab e
to the detginehsioh, ?zﬁﬁp%isegﬁiewﬁmﬁat%ﬁ 8t Wﬂiufhli%h@ﬂ\@natiﬁ% bRhcthRACSE)

described in the clains bel ow is therefore evident that the particular
enbodi rfent fraied bovesridbyater Ay usimg said sqagidrometiyoi@iol (0, eash ofl saidsgraking

vari ations_are copsid d.wthin the scope and spirit.of the i LOR.
rccor i ngi §fee BRLPELBRGRE b bR ERRAp@RtoR iald oryfet iMfebRUS B 418,
bel ow. -7 grafind/kiict@eS(F0AEMriryihg fAnTBhd @@ by adixelidrémenta scatteronetry
tool, the nethod conprising: neasuring a critical dinension of at |east one

production feature formed above a 5 wafer (31) using said scatteronetry
tool (74); cneasyy] I ; | i i

(60A- B Formed apoitRlasiinelRF ey, B SEPL lerth (HEBLUALROLILERLORS
each of0 saplrgitat éhgrasingustiuste®s (60A-E) folndad abova eaitif wafent(3¢y iusingabaid

di mension; and determ ning a.correction factor pased upon sajd neasurenent
of said atSqafigremegydool(@4lyeah qusagdt%ra%w@%@wéﬁ;&mna fhgégmﬂ critica

scat t er omefy. Logl C(grgﬁls&%@g%ﬁ?neg;ﬁi 182 Q0E §F gﬁg | eg%x%csrtﬁ'éufr& ?S@%dEﬁRﬁ‘&Ha ed

critical dinensioh sal St one pro feature in determning
the criti caboveisakinsafen(3df) usmigdant schtasmetmeoqr(@d)) eacloof fabdpratiag s@uctliee

met hod as [ i.n claiml, .wherein nmeasuring a critical dinmension of at
15 | east og@%ﬁg}?ﬂ%’é‘?g %ﬂgkéeé‘ﬁﬁ?’%caﬁgwmé‘bove a wafer (31) using a
scattefpnetry tool (74) conprises neasuring a critical dinension of at

| east one production feature fornmed above a wafer (31) usi (r;g_ a ]
scatteronebry t obé metholl as shirdedinodaiot 1,ovhefdnmeasiringrap teasteaneof aplurplésiof  one

of a shallow.trench isolation, a gate el ectraod tructur.e and a conductive
M ne. “20. aetesht SHhacthiss WA ronBa? o s RO B Bt 5548 R0 RERRIE | g
at | east OOﬁ%,OEacﬂ‘l oPkaifl Arbfing Sfru@lAki BUASEY HEHiHE @S diffPArt Britfcal dhteahnye

said wafer (31) using said scatteronetry tool (74), each of sai dggggél ng

st r uct ur escqUBPUseE)Menswiing 2t legbt org ehe pdwielitycef eratingshyetores G8ADE)

measuri g at | east one a. plurali f.arati u [ B0A: or med
above 0P Mare dRR wilP () agndle celdroBient T, S Ghstie BB Sty
grating 25(60A-BY huvias o §iPRrdnt chisivhiindin®nsiohf ei&otiticdli dimeasioniofeasi ofisaia
first of said plurality of Egrati ng structures (60A-E) haying a %rgtical

di nensi on &ftag Firpefresi(6@A-Fatbeingadelingdebyo cigal dynensin ol features (38A) that

comprise said grating structure (60A-E).

25 7. A semiconductor fabrication method comprising:
forming a plurality of production features above a wafer (31);
forming a plurality of grating structures (60A-E) above said wafer (31), each of
said grating structures (60A-E) comprised of a plurality of features (38A) each having a

target critical dimension that thereby defines a critical dimension of said



of grating structures (60A-E) having a critical dinension of a second size,
said second size being greater than said first size, the reminder of said
plurality of grating structures (60A-E) having a critical dhgapgigg that

is less than said first size. 30 8 3 0 MAR 2006 4. The nethod as clained in

claiml, 2g0kin 1stfﬁ@ﬁfeet6OAf€g,5éHcil1rkﬁf @id beank eneneés B0AREYhaling Y efffesdndt i ng
structures (60A-E) forned above said wafer (31) using said scatteronetry

t ool (74), catigshdifensighgang at i ng structures (60A-E) having a different

oo oSSR LR RIS e MR By ALY o
scat t er omepfoduétisl fedtdrel an@acleaRons af shidplatdlifgof Srhfikcéthicaged @0A-IE), having a
different critical dinension, said critical dinmensions of said %r ating

struct utes (60AWEyreimsad GOITEGtm BAET Aneethiaringd baserliupen 4 ¢rinRraispr betsveerhe
met hod as ¢J.ai I .aliMm: 2 . er el N e of
o 10 pi ur S p§FESred o Michenion o Biahy OGN B RRERHAIG Bl WOREL oRET D)
usi ng sai dgseiag seianmet6YAR)ahd 6414 targeagiical disehdogofdaidfrasire o baid eslefb0A- E)
having a different critical _dinension, conprises nmeasuring at |east one of
five grati AeF setipgstiicye (@WsEE) fornmed above said wafer (31) using said
scatteronetry tool (74), each of said grating structures (60A-E) having a
different critical dinension. 15 6. The nmethod as clained in claiml,

wher ei 10 me8sur i ige aieth@hsd claitredin alajrh Ut adliergin ddrmigpat phigality rofiqireduesion
(60A-E) fornmed ahove said fer IéSl) usi.ng sai d.scatteronet t ool 74),
each of safdUGFERONE TRl eyn WA—ffE‘}mﬁ%WﬁEjadl&Yd’? Produgiipn ﬁﬂ%fl{r?scaépvé a

di mensi on, 1}, SeRd libA Je@trdse@RiprRBe dtf atAeRtWiR! bf ¥ sRh1IGK atdne
structur eswfg%@Eg’s%or g&gﬁgd abgver gai d r%af er (%1)e usi ng saisd scattenr onetry
t ool (74), iseltibn,of gasa¢ldctgpdatsirngfust andct apndwective6dé- E) havi ng a di fferent

critical dinension, said critical dinmension of each of said grating
structures (60A-E) being defined by a critical dinension of features (38A)

that gonppi se $8E hdhdd b Glained GhWiSin{ G0 Ehim 35 wherdin S®idh GINAUL ERting
fabrication nmethod conprising: formng a plurality of production features

above a wastewcti®s (60AdNmegcamprisgdadfi a plusdlityr eff dinkpasit engcplieehalle@Aramchabove
sai d wafer. each .of aid grating structuyres (60A-E) conprised of a
plurality b#’i%%gﬁﬁai%elfgé%% Strg%‘%lehaé\gi“ﬁcémgu&[\'gi@gt critical dimension that
t hereby defines a critical dinension of said 9 3 0 MAR 2006

10. . The method as claimed in claim 7, 8 or 9, wherein said grating structures (60A-E)

20  have a different critical dimension that varies by a fixed increment.

11. The method as claimed in claim 7, 8, 9 or 10, wherein measuring a critical
dimension of at least one production feature formed above a wafer (31) using a
scatterometry tool (74) comprises measuring a critical dimension of at least one
25 production feature formed above a wafer (31) using a scatterometry tool (74), said
production feature comprised of at least one of a shallow trench isolation, a gate electrode

structure and a conductive line.

12.  The method as claimed in any one of claims 7 to 11, wherein a first of said
plurality of grating structures (60A-E) has a critical dimension of a first size, at least one

30  of said plurality of grating structures (60A-E) has a critical dimension of a second
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grating structure (60A-E), each of said grating structures (60A-E) having a
different critical dinension; and perform ng the nethod as clained in
claim1 using at |east one (38A) of said production features and at | east
one of said plurality of grating structures (60A-E); 5 wheregp a6
correction factor is determ ned based upon a conpari son between said
nmeasured critical dinension of said at | east one feature (38A) on said at

| east one gratlng structure (60A-E) and said target c¢rjti mensi n of
sai d feat ubiee SAdsaFendatzq eirg gregice thpnaaidnfarskeies, dhqremalmisa0 %al Pl}*@

met hod as A ctlon
features a o@%ggtﬁlwa er @éﬁyco %gﬂétgca; g{nﬁnﬁgnglag}lﬂrg%#lt&%so ﬁ%‘lr’t% %{cti on
features above a wafer (31) sai d production features conprised of at

| east one of a ghall M/tre isolation, a e el ectrode structure, and a
conductd ve& i neﬁf{l!‘]‘?L‘Sle od qlqulaI&’sO’%ﬂ g%@%%toclle%' ST, FOTENRG ‘?‘rpg‘rﬁ%er ein.
each of Sab)? ﬂi‘hﬂ s'ﬂﬁctu?é @%E?%b&ﬁpﬁm@wﬁ&e(ﬂq%mp?%@s @brnfingati st Fiye OF  at
| east one nc isolation, a gate el'ectrode structure and a
conduct i vegﬂatmgstrtmres (6'0heE)1dtdveda1d5Naf¢ra(Bh)ed inclaim7, 8 or 9, wherein
said grating structures (60A-E) 20 have a different critical di mensi on
that varies by a fixed increnent. 11. The nethod as clained in claim?7, 8,
9 or 10, wherein neasuring a critical dinmension of at |east one production
feature fornmed above a wafer (31) using a scatteronetry tool (74)
conprises neasuring a critical dinmension of at |east one 25 production
feature forned above a wafer (31) using a scatteronetry tool (74), said
production feature conprised of at | east one of a shallow trench isolation,
a gate electrode structure and a conductive |ine. 12. The nethod as
claimed in any one of clains 7 to 11, wherein a first of said plurality of
grating structures (60A-E) has a critical dinension of a first size, at

| east one 30 of said plurality of grating structures (60A-E) has a
critical dinension of a second 10 3 0 MAR 2006 size, said second size being
greater than said first size, the remainder of said plurality of grating
structures (60 A-E) having a critical dinension that is |ess than said
first size. 5 13. The nmethod as clainmed in any one of clains 7 to 12,
wherein formng a plurality of grating structures (60 A-E) above said
wafer (31) conprises formng at |least five grating structures (60 A-E)
above said wafer (31). 11
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