RETI CLE ALI GNMENT TECHNI QUE BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to the formation of sem conductor devices. 5 [0002]
During sem conduct or wafer processing, features of the sem conductor

device are defined in the wafer using well-known patterning and etching
processes. In these processes, a photoresist (PR) material is deposited on
the wafer and then is exposed to light filtered by a reticle. The reticle
is generally a glass plate that is patterned with exenplary feature

geonetries that block |i ghhﬁﬁ@ﬁ]@gﬁﬁﬁg@tﬂ@ﬂ;@;ﬂﬁ[@@h the reticle. [0003]
After passing through the reticre, eflig contacts the surface of the
phot oresi st material. The |ight changes the chem cal conposition of the
photoresist material such BF GRS a portion of the
photoresist material. In l}?ﬁ R b%ﬁmg st materials, the
exposed regi qos1ar e Tiermved, inenton Rlatd e tht foraaden afsenegaticus dpdledsor esi st

materi al s, exposed regions arc, renoved. Therea the wafer is
etched to reﬂﬁ@@?t heP Uit INACAG IR FERT BICCFF 5 %ﬁércaPﬁ‘iigswa@n@uaPl‘e no | onger
protected by d.hee E)llanteQﬁe%ﬁh o WRGLREHE bvel) A0S Pﬁ:[e%ﬁﬂg g diignd H6ccdsih ed
features in the wafer. [0004] Various generations of photoresist are known.
Deep ul tra vitbdseprocBisks apQ@Olﬂﬁ@t(BRb@ﬁ@tlal|1%d€@)@§1t?d@d tpypvadagmdthehiight . To
facilitate u al view of a
| ayer 108 ovgg&gs%é Eqbn@%hr teieq& Pﬁc thc mgl ?J%E]é%u%%%%r@%gg‘tapgayer 112,
over an ARL (péncbmecr\efﬂh echipley If@wecf Qcoﬁaﬂ:ﬁhc@ﬂﬁfhlb&lehghaﬁem pt@Bgttmgbe et ched
form ng ]1{/)\5? Th% photoresi st pattern has a critical dinension (CD),
whi ch ma;arlo 1ﬁ8g AERICEI6 of the smallest feature. Due to optical
properties 25{0@%[?9”(1&!?& paginerelangs | fbtm]]éhﬂE %ﬁ%ﬁﬁot?ﬂﬁ%ﬁ@é&e Rymlsonger

wavel ength light has |larger ~theoretical mnrmal critical dinensions.

[ 0005] A fea p@lcmomﬁ@yalt Aéa hﬁlé changhelic tclmimeﬁghmpp@twﬁ@tf@we@p@te%htter n, as
shown in FI t f the
feature) is gh a&éﬁl wﬂ% ta Vet}%%%&gfl 8{1?1‘}6% %rogi ]l?er])(l{b %%S\Mﬁg’%‘%}lglaﬁslt 112. In
practi ce, thehcﬁﬁsmebfﬁdmzvé pmwueastilﬁzﬁelmtsythB@X}bBed apger a1ta|1ramvt:h,emm it t he
phot or esi %t 11 ue to faceti.n si.on of t ee\ﬁhotorea st or

under cut t’ng  DEGALVE P 01??@“3%‘61& e!If HPBPREFY IGHI A S KB¥Y: of the feature

is at | eaSt ﬂéxegfi&aﬁhe A ldr Nt H f rekb e ﬂﬁ@@h&ﬁ@ﬁig%‘iaﬂeﬂﬂlhox\‘\/@ﬁ{ Sedshignt f eat ure

tapers to have a
are no longer protected by the photoresist material, and thereby define the desired

features in the wafer.
[0004]} Various gencrations of photoresist are known, Deep ultra violet (DUV)

20  photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A isa
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned
photoresist layer 112, over an ARL (Anti-reflective layer) 110 over the layer 108 to be
etched forming a stack 100. The photoresist pattern has a critical dimension (CD),
which may be the width 116 of the smallest feature. Due to optical properties

25  dependent on wavelength, photoresist exposed by longer wavelength light has larger
theoretical minimal critical dimensions.

[0G05] A feature 120 may then be efched through the photoresist pattern, as shown
in FIG. 1B. Ideally, the CD of the feature (the width of the feature) is equal to the CD
116 of the feature in the photoresist 112, I practice, the CD of the feature 116 may

30 be larger than the CD of the photoresist 112 due to faceting, erosion of the photoresist,
or undercutting. The feature may also be tapered, where the CD of the feature is at
least as great as the CD of the photoresist, but where the feature tapers to have a

smaller width near the feature bottom. Such tapering may provide unreliable features.
1



smaller width near the feature bottom Such tapering may provide unreliable
features. 1 [0006] In order to provide features with smaller CD, features
formed using shorter wavelength |light are being pursued. 193 nm
photoresist is exposed by 193 nmlight. Using phase shift reticles and

ot her technol ogy, a 90-100 nm CD photoresi st pattern nay be formed, using
193 ran pho{@(‘i(ﬁﬁ' St [ lkiStoWeside RaraR! @itk SnRIQ\IBIeAufcs Birkee u@m‘gﬁsh&t@ CD of
90-100 nm 157 nni photoresist is exposed by 157 un1I|ght Usi ng hase
shift reti clveeswcb;nﬂthdtghémeﬂmmnwwsi é%n@oﬂmml@Dtpﬁ@tp@ﬁ@sbyst%paﬂth@Fhs rray

be forned. ul.d be

Do007] e dEdEptEhaRRaTida B M ke ReR L FEI & Rl Pafo Bttt P onal
probl ems ovefayhofoahes using 198 infgpHRngsE:. Walve%@mgtbhslb o1f@ pablidd nfelirs cl ose
to the 10 theoretical Iimt the |ithography apparatus shoul d be nore

preci se, Swhivdilh weld of Welflvi e ot emahpbngiisies eiPopsiddabhy e gahtp renes
Presently 1§§mas'1 fPh;h%ERE% a?sEth{EQmilo@ﬁY s%‘dé*] H%*[ﬁaﬂa%&cﬂ?tywﬂi? s | h[%
selectivitieés as h onger wav e %’ Ot oresi sts d1

nore easily foimdel mhga@nﬁldeﬁz@hleaorwbxtmicganﬁ,au[lam]a duh 90men @Dchl ng of

conductive |l ayers, such as jn the formation of nenory 15 devices, it is
desirabl e té&? rea @3HéV#éBm&EﬁﬁﬁFvﬂgﬁﬂﬁ@H¥CH?%?HV§%%W$’ @FF%@ nce.
[0009] FIG %l&rﬁs B! )95%1@5@?8% ﬁs@%n%&zevV“WQTCH%mQaﬁ{)%ﬂﬁig(‘l@hé)&]%@t%'tﬁ& | ayer
for prodUC|ng conductive Tines spaci ng between the lines is too

cl ose ad@or diavgetical hmheacphﬁhogmahy ap;@v&éus gnos bzt nategpr@0sk, waubhvagda waf er a
barrier layer 206 nmay ac the b tric
aver 208" Sauhzand epsba el R ey P g PP Pt over
the di el ect pnCphAyREisRABy AN IRRE k&R ds\M8 hi AYRMoSie lvaddedgtPPRSGordsayer 1S
fornmed. A patterned photoresist layer 212a i1s formed over the ARL. In this
exanpl e t he apadmeerdsgdnphotconesidy wrdor phega 2idhgondiiens wi dt h defined as the
line width la. as 3 hav , The
pitch | engt r[|()d‘i)l§.] Int gmlﬁlelgnﬁ" ¢d 0?1 C?’l%/%lfs cg “?i“ﬁe’g\ﬁfu& %fﬁion o?ﬁ@%‘%ﬁ“ac

W dt h P{E+Sdcaises EtQWElccnﬂabid t8 Il%(:éﬁl@ﬂt\lﬁ@!bﬂ(ﬁl&tt? wigiduc@ntinghipg peﬂbﬂnemg& h

[0010] One wa of reducing pitch length is by reduci ng space WAP Fl G
213 is a cl¥¥®)sectihrdt Sy Cé?v‘?bo“’fv“&“ﬁéi%é’r(ﬁéd?dﬁh’@l‘%PB%@OSQSNI Lyelr 10F or
producing c M“ﬁ%}ﬂ MOnQheti 'ilﬁhse,%hre}]%p&crl ?gi\plcf&wgb@ﬁﬁ% N8BS PRE NYoRBLYEEN the
lines is to & according to or art. Over a substrate 4, such
as a waf er ahdyaiarisetr Cl)\ayersulzﬂﬁltqmyi blex,hmsalcxearfm a barrier layer 206 may be p laced.

eorm

Over the barrier layer 200 a diclectric layer 208 such as a metal layer or a polysilicon

20 layer is formed. Over the dielectric layer 208 an antireflective layer such as a DARC
layer is formed. A patterned photoresist layer 212a is formed over the ARL. In this
example the patterned photoresist lines 214a have a width defined as the tine width
"1.", as shown. The spaces 222 have a width "S", as shown. The pitch length "P" s
defined as the sum of the line width and the space width P=1+S, as shown. Itis

25 desirable to reduce the pitch length.
j0010] One way of reducing pitch length is by reducing space width. FIG. 2B isa
cross-sectional view of a patterned photoresist layer for producing conductive or
diclectric trench lines, when spacing between the lines is too close according to the
prior art. Over a substrate 204, such as a wafer a barrier layer 206 may be placed.

30 Ower the barrier layer 206 a conductive or dielectric layer 208 such as a metal layer, a
polysilicon layer, or a dielectric layer is formed. Over the layer 208 an antireflective
layer such as a DARC layer is formed. A patterned photoresist layer 212 is formed

over the ARL. in this example, the patterned photoresist layer 212b forms patterned

R}



30 Over the barrier layer 206 a conductive or dielectric |layer 208 such as
a netal layer, a polysilicon layer, or a dielectric layer is forned. Over
the layer 208 an antietlective I|ayer such as a DARC layer is forned. A
patterned photoresist layer 212 is forned over the ARL. In this exanple,
the patterned photoresist |ayer 212h forns patterned lines 214b with

phot oresi st residue 218 formed in spaces between the patterned |lines 214b.
The presence of the photoresist residue 218 is caused by providing too

smal |l of a S@iﬁ:@@IJﬂﬁ\R/%EEIEbt&QﬁstE’{%Idtu@Q@@ﬁ)rﬂnb@ﬁx%pgcjeégem%éﬂﬁgp‘ltfenisﬁ1 [ €
difficult to renove residue froma small space. This may T e density

of the conduc%VWeThﬂW@gmth@ﬁh%ﬁvmb@ﬂ%1%%@926%&GMSUNNRRMVQEQEHEmhMMENTICN
[0011] To ac hl %}‘ége ]BCIP\QCCBQ]?] O}%ﬂ' ﬂgd ﬁlFE% 2|1£'b aS'l(l:l%é) 1rt (ijstalﬂ%r% élvyi[ighbrro dvl?l ‘qu uec‘f IO]; SE he

present invention a net or aligning are

patterned | ay@omwisthll apack.i Tiss may ligimendengity ccfth@oofn@mmelzme%uﬁ@mllylbel ayers are
formed ov t he flfst patterned 10 | ayer to performa first shrink. The
first a||§%néﬁP“8? d after shrink is etched into an etch layer to forman

etched first alignnent grid sURB RN 6Ntk I_RVENTI&N enoved. An  optica
pattern of a second alignment grid alignéd over the etched first alignnent

grid is nmeasidfEd. The= ﬁé@lfmﬁmltl@mni ihgcapsdadon witld e @rrvosrofthepthent t he
second al l anEMiof hilulod & HENRS, Pl il DB AEE NehuL LiGt, b 0 IRRY ort A 15

[0012] In anot ranitest At venti on *&r ni ng
devi ces on dimadflignmesigrig isafophad &aletmlldiyemsé(ﬁmh&l Preotheded patterhddr St
patterne is_formed, wherein each

di e of tﬁ[gl ay}ﬁﬁeé qlgfsfl}?l g_r @lénhgcsolfélcfﬁil {e“’r’a\li‘finbﬁll\{’%‘ﬂm g is ekpsiaiolen| ayer s

are formed owdh e td fokStn @méaqnmghﬁmrmMT Frefitn @ﬁyel ik telovelir hRk. The
features fornmed by the first pattern Iayer and first alignment grid 20

after shrink obfigalgplbgmaar 3 yeondaicemen gridypbgned overghnstetieddirgnbenmhent grid
al i gnment gr 'igmﬁ‘?srurede%g 0&}/ S)afttmtnhgu%éld% aéablwnco\{/l%%ﬁe(f e qI&%d.?lﬂé&lﬁén?ed : ayer

is removed. A photoresi st
pl aced in a mmdtlmhgnh@gveapmw@htcbﬁtst qli@unmnﬁgride is stepped to a die of the

pIuraIit i cal it ter a second align rid of the
reticle r{g'?jﬁ‘gve 1§lﬂ&h?ldw tPéltor}g}m FHREN a(j?elﬂ&)ddg gﬁglng VEEPt o di e
is 25 rreasur etdvafa' heim@pifaaity pahhes ik 152@\!1@&!3@& [5ieN! ?ﬁi@ﬁ{cﬁ‘ls@‘%‘l whebheli 5'16 second
alignment grid 1is aligned over the etched first alignnment grid of the

stepped to di%Ee ordevalyie fosmed nogicapeack dieed theinduraldy e diseihasmt 6t t he opti ca
pattern of thg3RGRPA: A IONIPRAYerIhk $ormed over the first patterned layer to perform a

first shrink. The features formed by the {irst pattern layer and first alignment grid

20 after shrink are efched info an etch layer to form an etched first alignment grid for
each dye of the plurality of dice. The patterned layer is removed, A photoresist layer
1s formed over the wafer. The wafer is placed in a photolithographic tool. A reticle is
stepped to a die of the plurality of dice. An optical paticrn of a second aligmment grid
of the reticle aligned over an ctched first alignment grid of the stepped to die is

25  measured. The oplical pattern is used to determine whether the second alignment grid
is aligned over the etched first aligmment grid of the stepped to die. The
photolithographic toel is adjusted until the optical pattern of the second alignment grid
is aligned over the ctched first alignment grid of the stepped to die. The photoresist
above the stepped to dic is exposed. A new die is stepped to and process is returned

30 to the step of measuring the optical pattern of a second alignment grid of the reticle
ahigned over an etched first alignment grid of the stepped to die, until alf of the dice of

the plurality of dice are stepped to.



is aligned over the etched first aligment grid of the stepped to die. The
phot oresi st above the stepped to die is exposed. A newdie is stepped to
and process is returned 30 to the step of measuring the optical pattern of
a second alignnent grid of the reticle aligned over an etched first
alignment grid of the stepped to die, until all of the dice of the
plurality of dice are stepped to, 3 [0013] These and other features of the

present invention will be described in nore detail belowin the detailed
descri ption EMB e ITeNMOMARG I of 08 %Eﬂt'nRe@nﬂBﬂ\J@ﬂltﬂé%escfu%cl oMhag
figures. BRI SCRI PTI ON OF THE DRAW 5 [0014] The present invention

i s illustrat dgtaiyeipeyin gt dsied ecpfiascripdinn Oﬁ@l@ iypntigayendfin cdnjurctiat Womthei n t he

figures of th ing drawings and in which like reference nunerals
refer to sim (ﬁlc’%ggﬁﬁg%s and in which: [0015] FIGS. 1A-B are schematic

cross-sectional views of BRIBKBEKORIPTEON GICTHRAMRAWINGe prior art. 10
[0016] FI . @AE are schematic, cr.o s se ({wonal vi ews of patterned
phot or esi g 6 PFRSEN HEEBH P gluEEtY ‘tﬁarYQ{reX%i?Rk’ pdoaty el 3 is a

hi gh | evel f'hﬁﬁ\taﬁ&}ﬁﬁﬁ th@ffgek)éﬂﬁ@&%0131!3&%@111@%&@55%@% bRicR e RAROLEMENt  Of
t he invention. [0018 A-H are schematic cross-sectional views of a

stack processgageralpge b‘@@r@ﬂ%gletmn‘aﬁﬂ@@b’dmlhent of the invention. 10019]

photores: st 1oge) - ponsor ptd beBthdiod e S atp ARG P BB, " e

provi des |rrpa®we:bh1gmske1a{mgnrrent [0021] FIG 7 |s a nore detailed flow
chart of e ature of a, 20 grid _pattern, [0022] FIGS.
SA-D arelﬁog?@ﬁgt\sn%%%r%%% s% “ﬁaé}c&éoéﬁs‘?cﬂo%V@Wé%P%te%dQHOto@Flﬁlgnnent
process. [ 0023trs FrGed Qcdosdife AR MiBWOf another grid pattern, DETAILED

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 25 100241 The present invention
wi Il now be 32k i b&diMis adtsdilpvolilew chaf eiaanetsy thatanay be used in an

embodiment of the invention.

[0018] FIGS. 4A-H are schematic cross-sectional views of a stack processed
15 according to an embodiment of the invention.
[0019] FIG. 5 is a flow chart of forming a sidewall layer over a patterned
photoresist layer.
[0020] FIG. 6 is a flow chart of a process that provides improved mask alignment.
[0021] FIG. 7 is a more detailed flow chart of 2 measurement of a signature of a
20 grid patiern.
[0022] FIGS. 8A-D are top views of grid patterns used in an example of an
alignment process.
[0023] FIG. 9 1s a top view of another grid pattemn.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 10024] The present invention will now be described in detail with reference fo a

few preferred embodiments thereof as illustrated in the accompanying drawings, In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. Tt will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or ali of
30 these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present

invention.



few preferred enbodi ments thereof as illustrated in the acconpanying
drawings. In the follow ng description, nunerous specific details are set
forth in order to provide a thorough understanding of the present
invention. It will be apparent, however, to one skilled in the art, that
the present invention may be practiced without sone or all of 30 these
specific details. In other instances, well known process steps and/or
structures have not been described in detail in order to not unnecessarily

obscure the p[lﬂm nt hllordbetﬁprﬂﬂde fealuRQ 28k shiall @fifle dinRnREAVICESD ufsr?lgﬁﬁ'r es wth
(CD) using an ol der technology phot or esi st

smal | crltlcal
process, nE@ﬁ I%ﬁ”ﬁﬁ@Hﬁﬁﬁﬁéé§§ﬂﬁ§§mHééﬁn%H@V@B@ﬁ@ab@ﬂat uses a
mul tiple mas Me@&o@a%ﬁhﬁ'anlgllta};l@ﬁﬁﬁﬁn A Ia'eﬁzhﬂlﬁéﬁ?%:g%n%1?5t1{egp%ennaﬁ01} Process

requires higher precision mas for g ab nore
preci se and qn&%mﬂwﬂ@¢@ﬁseﬁbghmmskmamu@%hEMwnwnta&nmﬂmﬂﬂthﬁﬁ6Mg@rocess IS

provi ded. [0 at e un_ers anding .of th ext .generation mask
process, Q%SL gmégﬁhﬁﬂ%ﬁﬁ%gﬁ; 1 8% <€W§WP Plﬁnﬁf@@é§§“ﬂ%%F“ﬁﬁy be used
in an enbodlqnmhéﬂf the invention. Areticle is provided (step 304). A
patterned phﬁhfr sist layer is then forned gstep 10 308). FIG 4Ais a
cross-sect i onaf?¥i ev e mﬁé@@@ﬁﬁ@@“&%@@%ﬁ@‘E@PhwayéﬁﬂfWOQWSI@Gﬁbﬁmnent of

the inventi O gHQW RS ﬂ@w%HQ%ir ﬂ;lgceégﬁim 1§§ﬁ% 1984 @ imﬁﬁ%gdlﬁ‘leg%ﬂlc ;Bv%ﬁfi"i&?r 406

may be placed.” Over the barri‘er layer an etch
conductive rﬁatcﬁp clisyreyidal (sap POy A patiomad b]a)]@“csmﬂaym ﬂnl&h&mﬁmadc{sthlﬁyer is

f or med. er &C aye (ARL) 410 such as
a DARC Igyer i's” orﬁghmaﬁiS?FE%OTﬁgmﬁﬁ?zﬂw gaﬂ%wﬁﬁ% %iﬁ?lméyer 412 is
formed over temdodRENAFGhe Ithnhhn SO%&@%S@MQWD@ supdst £k 8tk bdrH&aAl4 have the

wi dt h define e I| shown. The spaces 422 in the
phot or esi st QQCE?yHgBQC &Pﬁ%WCbg“ﬁLm§§4g®ﬁMﬁdl¢Wé4ﬁ5ﬁéﬁ'ﬁéﬁgwhwﬁwo" of

the patter ne(ﬂld@il‘@ig@ir cﬁ%‘p%Iyerh@éﬁ?fayél %1 g@fele@ 133 fsg&ﬁ SHMRE 519@10!1 iaﬂ& W dth and

the space wdth =Lr, +Sp" as” shown. ese W s are eternl ed by the
resolutlon oﬁ0¥Hémﬁmﬁk$¢wﬂégwé@%LbMQQGﬁnquééRﬁéaazBd@hﬂﬁﬂ?ﬂmmtpatterned

p.hOt or eS| L%Y&Hed 15‘[01 1391?1 rél,‘;f:% sefom%etd orvgrqgg Rﬁ%:ﬁﬁpgé} n c:xg{l)g - tpoo[ 0027] A

si dewal | orne e patterne reduce
the CD ( st epp&leﬁ)ed Iﬁb@léﬁhaﬁrsthﬂ wWithh ele fhedd ak H@dmfe ot char &s sabwh hend orming a
si dewal | Iayer
paces 422 in the photoresist layer have a width "S,", as shown. The pitch length Py
of the patterned photoresist layer is defined as the sum of the line width and the space
width Py=L,+S,, as shown. These widths are determined by the resolution of the
20, lithographic techniques used to form the patterned photoresist layer. It is desirable to
reduce the pitch length,
10027] A sidewall layer is formed over the patterned photoresist layer to reduce
the CD {step 312). FIG. 5 is a more detailed flow chart of the forming a sidewall layer
over the patterned photoresist layer to reduce CD (step 312), which uses gas
25 modulation. In this embodiment, the forming the sidewall layer over the patterned
photoresist layer to reduce CD (step 312) compriscs a deposition phase 504 and a
profile shaping phase 508. The deposiion phase uscs a first gas chemistry to form a
plasma, which deposits a sidewall layer over the sidewalls of the patterned photoresist
layer. The profile shaping phase 508 uses a second gas chemistry to forin a plasma,
30 which shapes the profile of the deposition to form substantially vertical stdewalls.
[0028] FIG. 4B is a schematic cross-sectional view of the patterned first patterned
photoresist layer 412 with a sidewall layer 420 deposited over the sidewalls of the first

patterned photoresist layer. The sidewall layer 420 forms a sidewall layer feature 424

5



over the patterned photoresist layer to reduce CD (step 312), which uses
gas 25 nodul ation. Jr. this enbodinent, the form ng the sidewall |ayer over
the patterned photoresist |layer to reduce CD (step 312) conprises a
deposition phase 504 and a profile shaping phase 508. The deposition phase
uses a first gas chemstry to forama plasm, which deposits a sidewall

| ayer over the sidewalls of the patterned photoresist |ayer. The profile
shapi ng phase 508 uses a second gas chemistry to forma plasma, 30 which

shapes the prwiiiiih tie@htidrhel (horResist 1298 shel, QR HOSEANT 1%/e|1 YoaM&d &24%'3
sidewalls. [0028] FIG 4B is a schematic cross-sectional view of

patterned f rifdysst shees el haoestean the snees/EP of i finktphiterned phowadskst | ayer 420
deposi ted ovagyel e 8l t erned phot i st.layer. The
si dewal | Iayerye4206. %?}yrr\@ eéédsul% e%@aﬁ éq)é}ﬂehfed b‘%{tglsg}?ﬁtcmg le(f% HEHY he
patterned phdexs 8si0%t Ic$sat9mthsﬁacce@l) aﬁ/nterfemtptrmmdiﬂ:mhémlt &iyfﬁffeéﬁﬁat ure 424

has a reduc of the first

patter nedgphggggﬁ%ﬁg 'fleED hﬁ'{;@? .Sldfﬂ?aé §¥eéﬁi?%ﬁub?lﬂgmﬁ£l‘ﬁE%ﬁ%‘ﬁ‘é@@ @b Wk he
deposi ted fi rasthigidy teraed POLELEBhekamblayes sdbﬁapﬁib kzeﬁl%dﬂsh@@aﬁ he, space CD
of the first att rneg photore5|st | ayer feature. is al so desirable

that the si d&WaIA HRy R REKOE ihiep akpsam apshpof b%'acrn & @e%alw@ @8, which
are highly C‘B@ft&ﬁ%@ he@@auﬁgowﬁhi‘oﬁth %&%is%a@g a@cﬁgﬁg(f? ﬁpélltﬁ‘zlxt W vertical

sidewall is a sidewal hat from tto nanﬁe of between
88 to 90 wit ﬁu?nsmtlalbotﬂl@ ﬁfml(tifllcklhlﬂs frbmdbatoe to Bohbtommad ths faden\aIN@1~have a

deposi ti I 1 _statlal thlcknessfromthetopto
t he bottgrﬂn o?&?ﬁ“’w y ‘ﬁ/?l%’ mW(L)ibml@ googﬁé Qﬁ%"g’\%ﬁ fpranahen, Whithiavifecet i ng
or a bread- Iman‘muﬂgtahmﬂl‘mtenﬁll, qz&ﬂiﬂaﬂﬁl ”parp@ﬁéu@ﬂewmw(ﬁtsmﬁé ﬁ[@&th@fb%a‘t&@ﬁ)t' cal

si dewal | s. P&r%g si.de ? omthe faceting fornation)

br ead- | oaf i n§ W&ﬁ?%% plls HW@&%@“’(W@%@E‘% {‘B@HCPaay’énﬂ@DiWOpr ovide a
poor et chi ngipakbelided Iﬂb@i&{s%két e,%é%l Y. smﬁ{ ¥ tnb 0. ‘Jﬁi gsition on

the side wall is "thicker than t e05| ottomo the first
patt er ned ph@ﬂ@icéﬁﬁals‘ihclda&@iml@nfﬂ@eabqﬁhom ofwbrﬁasmmhmfhﬂﬂiqzomnm ldyayer is

deposite ov hot si st |ayer
feature. qj ngu ww% Jt se blfohlg%m lsu(?eggspéé 8“’?% Oéigﬁlhoefgl ‘?ft“d”flﬂélg‘ﬁt ch |l ayer
408 thr ough plh:emcssidegwafdatukeayer spaces (step 316). FIG 4C shows a first

set of featu(fﬁz 432 eftched%{i to t he etch Ia¥er 408. In. this exanple, the
first set of 'Pa%k ur &sMast dfetimgs pis hpeicded e pigl dreuds thagetabe CD wi dt h,

which is equaliewql bit? ssRBCRIED1f O ESRAS LYY sbidY Batures 432 ciched into

the etch layer 408, In this example, the first set of features 432 etched in the etch

20 layer 408 has a CD width, which is equal to the space CD of the deposited layer
feature. In practice, the CD of the features of the first set of features 432 may be
slightly larger than the CD of the feature of the deposited layer 420, However, since
the CD of the deposited layer feature is significantly smaller than the CD of the
photoresist 412, the CD of the features in the etch layer 408 is still smaller than the

25 CD ofthe photoresist 412. Ifthe CD of the deposited layer was only slightly smaller
than the CD of the photoresist, or if the deposited layer was faceted or bread loafed,
then the CD of the layer to be elched might not be smeller than the CD of the
photoresist. In addition, a faceted or bread-ioafing deposited layer may cause a faceted
or irregularly shaped feature in the layer to be etched. It is also desirable to minimize

30 deposition on the bottom of the photoresist feature. In this example, the CD of the
features etched in the layer to be etched 408 is about 50% less than the CD of the

photoresist feature.



feature. In practice, the C) of the features of the first set of features
432 may be slightly larger than the CD of the feature of the deposited

| ayer 420. However, since the CD of the deposited |ayer feature is
significantly smaller than the CD of the photoresist 412, the CD of the
features in the etch layer 408 is still smaller than the 25 CD of the

phot oresi st 412. |If the CD of the deposited |layer was only slightly smaller
than the CD of the photoresist, or if the deposited | ayer was faceted or

bread | oaf ed, [00sélen Thepd@onef phiteretiaVfer 419 REoBLE NSE: M BBL stﬂﬁﬁedgﬁeﬁﬁa! ler
than the CD of She . photoresist. In addition, a faceted or bread-loafing
deposi t ed | ayedd) mhlys 8wiide dangasesingly stegror 1¥q wgurigstops sithpeepataat ure in t he
| ayer to be e§&bgdd 1dvbs deSi1041SQ,AES] 1N o WAl 30 deposition on the
bottom of the (%hqt or eygil St feat ng&}#?l&lteﬁslt%&g%gbmes,ﬁﬁgﬁnea} %ﬁﬁ% ft?‘h1L ® features
et ched in t hestlipyes proeesheblet éRebowtBe hibstahodl0 BR%Heekspositbdnydrhed CD of t he

photoresi st f . 003 %) The tterned photoresist |ayer and deposited
| ayer are th n%gsc;glés;?sﬁlp‘lgﬁll](a%?gem@lé‘b e_@, This may be done as a single step or

two separate [908QS WAldbeAnSeRaidkRde SEPRSHd 88HiliHE Feah BIRVED 1S kER.ANd

phot or esi st strlg s)tepT .Ashing maybe used for the stripping process. FIG
4D shows t he SRt Palibthisgrragpleet soepnd sgefoishiiedubageetchedt] Biephot.or esi st

| ayer have begskiesmyed p:d803H t ero natien. . o0 Whet her

addi tional feat t?r es ar ep%(; be%et%@h(%g Eféqoggﬁ%%%eq%}lﬁ{%&%s@a eiéfni&née,d a second
set of etch f@atihe elsheshfeatetes freah. 30Thehehdr &js @se B dooid: sordfiesthed fegnpdsovi ded

(step 304), e tterned otoresist lLayer i.s fornmed over the etched
f eat ures 41%Ost éééB%%?g“}%ﬁlilec%%gﬁa ki ‘ﬁp'sw Ged S‘?C’gm% Pl%"efi}efj Shotgwspistypyes fd i

features. 10 betiGordéd shows ctdidamiie, HateinddscciBl@ced BEANEiRakker ned

phot or esi st 4 n forned over the etch | ayer 408, 'wherein the

BT -

second pat t ernedPhbterEs PE e fegies 434 anl hyerrgoesd4fin theseapad poferfedat ur es
432 and wher h5@acRSIAA4rd BrhdirFRERNE RELLEIM hotQresi st |ayer are
formed between the fi%‘s}t]l se]tJt of Cetched fee?tur egﬂi%’%%f%é‘gg‘] A si dewal |

|l ayer is theh0®@@posi4 ddowalbinyarheisi dposicl svofihe hidevsdls ofitte sdbnpat t er ned

Cehemnt i ¢ cr o s FAERT & FERU R bR R e BB T okt esi st *1 ayer
442 with a sildewat brobayetiodblicdeposist@dd pueindihaosidrnald-suofithhe second
patterned phot.or esj st er. . 442. The sidewal | |ayer 450 forns a sidewal |
| ayer feat ur glda‘gﬁ?(m/‘fl}ﬁ5h%¥%md over the sidewalls of the second pattemed photoresist
layer 442. The sidewall layer 450 forms a sidewall layer feature 454 within the
patterned photoresist layer space, where the sidewall layer feature 454 has a reduced
20 space CD that is less than the space CD of the second patterned photoresist layer.
Preferably, the reduced space of the sidewall layer feature is 50% less than the space
CD of the second patterned photoresist layer featwre, Tt is also desirable that the
patterned photoresist layer feature 422 has substantially vertical sidewalls, which are
highty conformal as shown. An example of a substantially vertical sidewall is a
25 sidewall that from botton to top makes an angle of between 88° to 90° with the
bottom: of the feature. Preferably, the deposition on the side wall is thicker than the
deposition on the bottom of the photoresist feature. More preferably, ne layer is
deposited over the bottom of the photoresist feature.
[0033] Features are etched into the etch layer (step 316) forming a second set of
30 etch features 452 between the first set of etch {eatures 432, as shown in FIG. 4. The
paltemed photoresist layer and deposited layer are then stripped (step 320), as shown
in FIG. 4H. The line width of the ctch fayer is shown as Ly. The space width of the

features in the etch layer is shown as Sz, The pitch length of the features is shown as
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patterned photoresist |ayer space, where the sidewall |ayer feature 454 has
a reduced 20 space CD that is |less than the space CD of the second
patterned photoresist layer. Preferably, the reduced space of the sidewall
| ayer feature is 50% 1| ess than the space CD of the second patterned
photoresist |ayer feature. It is also desirable that the patterned

phot oresi st |ayer feature 422 has substantially vertical sidewalls, which
are highly conformal as shown. An exanple of a substantially verti cal

sidewal | is arghhebtpmid. Ehalonfph@idhnRkt:ana bididO:n bet ween
88 to 90 with the bottortﬁ of th]fé3 eaﬁﬁre1 r ef éra r@l&eﬁh gs?l?etslgon on the

side wal | is P eiddrln m{irpllorféesm@awé@gﬁp gamdnCtHe dbmlmwmlmflﬁ Hé‘r fohot or eS| st
feature. Mor ec&ﬁﬁh@&ﬂ%&%@%&?e SRR, dlafre ARRORUL 0 QML LIS, B gﬁétfg“ygp (step

phot oresi st feature es afe etc Nt 6
316) form ng &ussmb@dnhcslte;tthai{engﬁsﬂf e pllmhffelathelf@eslleﬁ’zIsbﬁt[vaﬁ@llan&tﬂef fherst set of

etch feat es 4§ 1 @ in Gb"@ The atterned photoreS| st |ayer
and deposi {BvE wé’la erfl%méql?sil% B Hestif 6}6 widih befygrn afestied  4H. The
line width thztlhﬁtled}% WiaMeSt theShaShanipAtordist 1a§aerdp%ﬁa% PR R WiAIR
features in the etch | ayer is shown as Sr. The pitch length of the features

is shown as Sr iphalf ofiley ey in the pagernedpiotq e dyrstn Thp?&fmeﬂlmegmpmusor esi st
llayer pitch PyyeRROLAY Iﬁﬂkﬁ%_g gpk Elbéio%ﬂteahlfgl’uug{kqm@n& S%af)gahgl ng Sr,

fromFIG 4A, are shown I n arison vvlt itch Pr,
feature |ine lghgih. Hlnﬁf\wdth,rmhdffeammmdts bﬁhﬁf \mhmlb hsifyf thelsfme b]]itll@cﬁﬁbodl ment, the
| engt h of ngt h of the5p|tch

he.pitch
of the pa]tq erlhtg%ﬁl%%tp 08%3 gjf‘ lﬁlsa‘i}éﬁnp%ﬁhe @FW&E‘% H]?tﬂlé Ptk 8t ween
features Li istteinad fshcﬁ(ﬁmfllél&a}]ei ﬂ%tc%(ﬂtbhh@écamtef&l@ptﬁ@ henped sﬁ’rﬂ@&@ﬁ]ﬁ%‘tﬁé layer
L" and the feature space width Sf is half of the space in the patterned

phot or esi st | 55§ sgjo ddFﬁ%aﬁ‘éF’%ﬁ‘ @n ﬂtetﬁ@%‘mﬁ @éféfé%fél phetoresist @ymoa&sé@wn wo naski ng

steps to doublhgzgt ChSiTl e‘ﬁwh ?1?19:‘ w]s',zfghl{j aﬁgﬁ% E]gotgljeglﬁq%yels ar&ghtl | ine

wi dth, and feature wdth esi Q[ 10
lit hogr aphy pepeege (slen 3‘6@) S1sad«a:mmhxedttl’meuﬁalpr@bsssenot@épeeﬁc& stépesztiur es f om

the first,: pa ne t or esi.st. er 1.s e ed to the sane depth or about
the same l(fepflhégi tﬁ%lpm% eluis {%lé’tn?% elé'la{é 1?%5‘911?@80?3? 5 #&U¢Econd
patterned phofiionesitst theayebattcdsedifiewn. [0034] Since this enbodi ment uses

only two patterned photoresist layers, at the repeat step (step 336), it
is determined that the process i difsMaskadignagnt st ep 324). 15 [00351 One

chal I enge foroi3gp! enepiat tARRbr StaheR: e?fo?sclﬁﬁscuin%nﬁyh&iﬁp FHERY Sbout 2-

3 nm overlay error due to waler to wafer process variations such as CMP, film

20 thickness, and optical property variations.
[0037] The metrology reading is another source of 2-3 nm error. The wafer may
be manually moved from the process chamber to a metrology tool to measure mask
alignment, which may create alignment errors.
[0038] Currently, wafers are measured in several locations on the wafer (but not

25 all the dice in a wafer are measured). To measure the overlay errors, coarse box-in-
box structures may be used. There are several issues related to this method, The
readings arc not accurate to nm levels. The entive wafer is not sampled due to
throughput limitations related o going back befween the stepper and the metrelogy
tools. The process of reading is manual and slow. Finaily, although a measured die

30 can be aligned accurately, the rest of the dice on a wafer can be subject fo statistical
errors, which can deviate from a mean of Zero ervor. A faster and more accurate

alignment process is desirable.



alignment of the two patterned | ayers. Inter Mask Alignment [0036] Various
sources of aligrnrent errors may currently exist. There is about 2- 3 run
overlay error due to wafer to wafer process variations such as CW, film 20
t hi ckness, and optical property variations. [00371 The netrology reading is
anot her source of 2-3 nmerror. The wafer may be manually noved fromthe
process chanber to a netrology tool to neasure mask alignnent, which nmay
create alignnent errors. [00381 Currently, wafers are neasured in severa

| ocations on {duespaf @b tidiititc Daderstafin Fick Bes HH6H chdl & Mpb&Es @i Mmeasur ed) .
To measure the over|ay errors, coarse box-in- box structures nmay be used.

There are sevBixides syliged pigucatused farmics svpeiow. mahe Afeddiidgsitar e not
accurate to nggheyelsSnodtha Q4 445, ot AL E% S8 LR dar oughput
limtations r ef'nat ed toO goi r(lg%{oacg %@%Oetﬂﬁatoﬁg&% lég%élg%éoﬁ%ﬂfefﬁleﬁ%?{%%]l ogy

t ool s. The prosksyl phicmendi ngvérssehaifialk oAstheslominal Biidlakbsyis galeth@ugy a

measured df e : -al i aned accurately, the.r of the dice on_ a wafer
can be sug:} ec%%%%g% @? |ﬁ§1€i 1%31'10d %PV%? g’?{%\/\%d&H}%ﬁW‘?mi&"éP@mF Imaaehn of
Zero error. Aiflashesicamidyadt Gg@Gehal erayak h@agent process is desirable. 8
[ 0039] To faclié)li ate understanding, FIG 6 is a flow chart of a process
that provide Ol‘h‘pro@‘e‘"’éﬁ‘%‘iuiegfﬁ%ﬁﬁfﬁ&@é@imﬂ@ﬂl RaesugaeicptPon Fifaskis2 A first
grid pattern msie i : S 0604). A t] ti.cal . j cal

si gnat ur e nodel gI? E%g&{ﬁoe%%eaﬁggglhgg?]l&ré? Hﬂ?&%ﬁ’éﬁ?ﬁé?ﬁﬁﬁg%e@%ég fé)ggéedn set of
filnms of sonmelsbrivhalFlEHiickndgsvies ofenadigatent. criBy08 tispaqgiaftyif nghdtbesifi | s

formed abgyve a.waf nd. a_pnom nal . an optical sigpature of _|ight
AL F] ot er 18s o pluralily A6 vert
wavel engt vep;id sus flaéﬁt G}P%fd%mﬁcpf;@@%@n%%éI‘léﬁ‘}alttbg o ?g?‘ﬁﬁ% %% froma
first grid patplenhtyic hoeastit Bibs 33201608 enmbhtGrid Haltdn@maliBE Sedet ai | ed 1 ow
chart of thi ZP_S%QEI @ ESOt or esi ;t _ Pat terned layer grid is formed (step
704). FIG 8A'FEdYt GBS VieWotscart hall vghrd esigpidingn & eabrathanghepaidth. of a
phot or esi st 14iabk RENQH rdaY &S thatThemak 'bgﬂ(g%}itagﬁddd/eﬁﬁzﬂl ﬁqyﬁ%fc?a% 2 18at
lurality of vertical linées 808 and a plurality of horizontal Tines 812.
P y St -0, : :
Ot her al i gnmsARegF ihg lipet tean brianiially réhagewsdito otRrrdiner. dbisymort pregerdlilnidst ar e used
with a | grgt Roat sheast o h:uk.b tes,dreater. t han t he vm(ﬁi Although it is
not required tﬂat the [ nésnabggﬁ%‘ )iglicgﬁ]tl%lj oS B i 4 %}'E‘?W thegvi &é’?er abl e
t hat the lines is kept thin with respect to the spaces to allow for a shrink process, which
increases the width of the lines and decreases the width of the spaces.
[0041] A shrink is performed on the photoresist patterned Iayer (step 708). This
would be the same process as forming a sidewall layer over the patterned layer (step
20 312). Such a shrink process may comprise a deposition phase 504 and a profile
shaping phase 508, as shown in FIG, 5. FIG. 8B is a top view of the alignment grid
804 after the shrink has been performed forming a sidewall layer over the patterned
layer. In this example, the dimensions of the vertical and horizontal ines 808 have
been increased, so that the spaces between the lines have been decreased by about
25 50%. Preferable, the shrink process causes the spaces between the lines to shrink by
at least 50%. The patterned mask is used to etch the pattern of the features and the
alignment grid into an etch layer (step 710). The photoresist patterned layer is then
removed.
[0042] The optical signature of the first alignment grid is measured (step 712).
30 This is done by exposing the etched grid pattern to light and measuring intensity of the
yefiected light as the wavelength of the light is varied.
[0043] I'he model is compared with the measured signature {step 612). Sources

of the differences between the model and measured signature are identified (step G16).
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sonme of the lines be substantially orthogonal to other lines. It is nore
preferable that 15 sone |lines are orthogonal (or perpendicular) to other
linmes. In addition, the width of the lines is kept thin with respect to
the spaces to allow for a shrink process, which increases the width of the
| i nes and decreases the width of the spaces. [0041] A shrink is perfornmed

on the phot gyl sthPRkt &rs '&? %cls@&fﬁfel &1%5@193}7 08)ine IeSoupRidkdalant be same
process as formng a sid | ayer over the patterned |ayer (step 20

312). Such @C@QKﬁﬁ%up*ocess nay conprise a deposition phase 504 and a.
profil e shapj phase 508, .as.K shq\ \Ln,EI . 5 I 8B is a to of the
D Panmont  gb 8P BoatapRemiedin: SRR Rk Sueno bl ron R P ab B 8iicwal |

| ayer over tih@icpafheenas orld@yebuntt fortld SDaxampslind dige dbumnsisons of the
vertical and horizontal |ines 808 have been increased, so that the spaces

bet ween ﬁheapwn@@tiwaﬂ%@ eenthgediodad Bantspt @pdut 25 50% Preferable, the
shrink prOC ausﬁ% @Q?m? Pc?% Hetee ﬁﬂ éﬁhﬁpqt Cvek ﬂ}c 5 eglfde Jg%ﬁeu?&m' east

50% The pat ed nas d"to “ét e ‘pat ern 0 ures and the
al i gnnment gmh(mciddt(ﬁlcpm@)t CIfhc,l qamillo@isiuemoaélQ} usctihe cpdaad the d&iosdtiuplahb@eﬂ ned

| ayer is the? renoved. The opti cal 5|gnat§re‘of th |rsﬁ al i gnnment
grid is meadbrdat tseajca 112*?1 fmgeccr%tfgl i & tAp OBy e E%‘é‘?"ﬁg‘”“ﬁl beVERLF grid

pattern to Hh&@hm@ﬂgd%ﬁﬁ%ﬂ£ﬁPﬁxwgﬁ@ﬂ%i5¥aOf the reflected Iight as the
wavel engt h of the is varie 43| The nodel is conpared with the

measur edOsi goolr e Qstegﬂ@kzpmmsmﬂraeﬁmlpthHENmEWﬁwa@ndﬁbawgkméemnhhe

nodel and neasured .signature are | i,fied Sone .of the

Sour cee.of | tHEGRSH RearabbLem bE M SatT bR ptieh o ufis IRE 8D ' bei ng
of f target. [i0ddlcnts, a00iREH lﬁushgmd% tHeSipheatiaded S tiRpa1fhlent AN aver age
or snoothed out nodel of the actual 3@|d accounts for the CD changes, |ine

edge r oughn@wsmsd asymfmmql astrogtay. toghhsfore epasitst el el dnganremttemettiche [ 0045]
The opti cal 59%11%1 qg)ﬁgyl naafheﬁ}%r}ust d)aﬂ%tnt(?lripe Q¥ }g(,dttld'%dz 1tg n%caagr{i gv at tern

are nodele Snoot Puse O Crea

theoretiigal tipdele god pwbah (dtheodPt iFe@l 84 piierS et cpdbhitedrn 824 of he second
grid pattern woul d be with the first smpothed %rld over the whole grid
area. 10 [oodsyc Allteircorbeiat Balfesth SEAGRRPLISES ¢ palsalIe 848 6%140%4?@%%% The

waf er is pulgsh By match the first g grid pattern 804 after a shrink process. FIG. 8D is a top view of

the second grid pattern 824 of the reticle, shown in solid lines, placed over the first
grid pattern 804 shown in broken lines. The measurement of the optical pattern is

20 done by exposing the grid pattern of the reticle over the photoresist pattern to light
and measuring intensity of the reflected light as the wavelength of the light is varied.
[0047] A determination is made of whether the modeled and measured optical
patterns match (step 628). If the model does not sufficiently match the measurced
optical patterns, then commands for correcting the alignment are generated (step 632).

25  The stepper is adjusted according to the alignment command to correct alignment.
Such adjustments may be the movement of the reticle or a lens or a light source of the
wafer, The process then returns to the step of measuring optical patterns of the
sccond grid pattern over the first grid pattern (step 624). This process is repeated until
it is determined that the modeled and measured optical patterns match, which

30 indicates that alignment is compiete.
10048] The reticle is illuminated to expose the photoresist tayer above the die that
is stepped to. The stepper steps the reticle to another dic on the wafer until all of the

dice have been stepped to.
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a stepper. The stepper steps a reticle with a second grid pattern to a die.
In other enbodinents, the wafer is not aligned in the stepper. |nstead,
the alignnment is measured on an optical netrology tool before exposure.
The optical pattern of the second grid pattern over the first grid pattern
of the stepped to die is neasured over 15 the entire grid pattern (step
624). FIG 8C shows a second grid pattern 824 of a reticle. The second
grid pattern 824 conprises vertical |ines 828 and horizontal lines 832 to

mat ch the fir[ee49gri dnpatebpdne 884l afal provleShtimige B 9688 5 millifle B2 IS a top
view of the second grid pattern 824 of the reticle, shown in solid |ines,

pl aced over tH&ippgediom Bieiretichai fard ga wals wiveirh e biodrsidpivessss. The
measur ement  ofiq.Lngy &R{%bl naRRE L& B dSa 401000 cli*?( &ﬁ%zﬁ'wﬁ%mtx&? élg([ t!nga pattern

of the reticle over 't otoresist pattern't

intensity of Waiﬁe sp gfal wzéngnmmghﬁ dcas ] hevwwavfepmghdty iafa stelp@lddcgh)terfbmw ari ed.
[00471 A get natl Eﬁ h_rr?de of whet her the nodel ed and neasured optica
patterns irat ¢h %Fgﬁ §$: % the nodel does not sufficiently match the

neasured optjdal pame@mamehb)me@loﬁa@raaiso fremheREd:RE L1 s telopdd gument are
generated (step gf 25 The stepper is adjusted according to the alignnent

command to cSPER ey e over Siscvauicd shotaistist lawy. Be optal sigsasient of t he
reticle or anjnef‘@é ub¥d t@aédngh]tmsﬁgﬂfagﬁl rehi ¥ 1 t}c\’iﬁtt@hed gﬁﬁmg&&%ﬁ%’ﬁn&l en returns

to the step of neasuring optical patterns o attern over
the first grmwﬂpwﬂhémﬁmegv@pUGQAQdaﬁhmsﬂbmonéaheDwﬂmb@@mnmdmuﬁmlI it is

determn t asured opti rns mat ¢ch, . whi ch 30
i ndi cat eggt hgfémﬁcn?%fn%%fwﬁg @ ﬂlair%{séu S[e@%?ifgﬁ”eafﬁ%e‘ 68 15)1}7%11? ﬁ?qflfﬂ nated to
expose the pﬁm@h@m&m&ba&ﬁmﬁépﬁh@uﬁmmbﬁmﬁmﬁntﬁa&nWM§a§h§@p§Quk&ethe st epper
steps the retj ie on e wafer until all of the dice have

le to i
been steppede?@w1T@t?%@ﬂggy@ﬁmﬁugt@bﬁﬁ?bpﬁjWE¥®€$%1%@& provi de an i mage for

single or nukdgsp e @n@‘ﬁdvanﬂé@@of 1R ocfeﬁsqmlﬁhﬁpio@}dcﬂeﬁl lluﬁe FRALEA 0N @ waf er
several tines in a step process. The neasured optical signature may be for

a single i magéow disnowet Pibe @@ﬂcamcg mnénasiegrer dhaprbea Tiwaffignmeid spéveliof Oree
Z: : gﬂxmﬁ :c 3 }11@312@#1}9&65%%\’1?%%%6? g nt%nt pmﬁefsyﬂ at é’éo‘ﬁ‘i Bﬁgr ﬁl(%egl? %’f)‘g@éf ? gmst hg an
phot or esi st baydic dus: defmel oped. A S|demall | ayer is fornmed over the
devel oped phﬁ)togﬁ]eSI ?ntstelag g? 151&3&%@1?1@01 e e ges of thc Q&E Ililegu%ns preferably the entire
grid pattern is illuninated. The light is polarized and a caleulated value of the
intensity versus wavelength signature is theoretically determined. By comparing the
20 theoretical and measured signatures, the CD may be estimated. This same process
may be used to indicate if the first grid pattern after shrink is misaligned with the
second grid pattern.
[0053] ITG. 9 is a top view of another example of a grid pattern 904 that may be
used in an embodiment of the invention. Again, the grid pattern comprises a first set
25 of lines that are substantially orthogonal to a second set of lines.
10054] Methods of theoretically estimaling, measuring, and comparing optical
palterns or signatures are discussed in U.S. Patent 6,809,824 entitled "ALIGNMENT
PROCESS FOR INTEGRATED CIRCUIT STRUCTURES ON SIMICONDUCTOR
SUBSTRATE USING SCATTEROMETRY MEASUREMENTS OF LATENT
30 IMAGES IN SPACED APART TEST FIELDS ON SUBSTRATE." issued October
26, 2004 to Yates et al., U.S. Patent 6,819,426 entitled "OVERLAY ALIGNMENT
METROLOGY USING DIFFRACTION GRATINGS" issued November 16, 2004 to
Sezginer et al., and U.S. Patent Application 2004/0169861 entitled "APPARATUS
11



may be used to again neasure the alignnment of the patterned photoresist
alignnment nmask with the alignnent grid and conpare this wth the optical
signature for the 10 alignment of the reticle. ldeally, this subsequent
measurenent will not be needed if the alignnent before the photoresist
devel opment is accurate enough. Features are etched into the etch |ayer
t hrough the devel oped photoresist |ayer. [0051] One advantage of this
process is that it provides real tinme feedback to allow alignnent to be

per f or med i“mﬁm@qgﬁm@mﬁmﬂ@@@ﬂm@m@m the 15 inventive

process allows ‘an alignnent process that provides an alignnment grid for
each di e on &GEFEIROVBOBA] phbisheddtptinbve sS04 bgMidher edgedhidiagplé gri d
patterns, prefer_abl% Fh_e _e,é}{tci Le 11gri d QLattern is illumnated. The light is
pol ari zed and"@RAFEHPAFEELRIUEIEFPEHE i ntensity versus wavel engt h

si gnature is bésor etirg@skineigiheforsReshiteiBy aeaopaciadgiht heicRAot feoingti cal and
nmeasured signatures, the CD may be esti mated. I@?' S sane pgs(%cesg .my be
used to i ndi catadiphotorrsistiatemedlaye he%s W osrra! AREPIHKETS 1 St P§ned with
the second gfid; r o difhing tleTe@eld ARV EEWIlig@nal bes exanpl e of
agrid patte%ﬁrlﬂegdé)l%ﬁll %%lgtgﬁga“&ggg@fa}s%%minﬁﬁge'go%rlrb%gi ment ofgt he T nvention.

Agai n, the grddhepat therdiv. Sortpr ictids wauldihage linpsand gmcesfthatnpicd thhejehedr e
substantially arthogonal to a second i.nes. . 54] of

t heoreti cal | 3)51"@51;%}1]l YR ?h%]e?gﬁgl}dﬁ’\é?ukgﬁ%egﬁ&%%éé? ?‘ﬁsg‘“@g%?eéaﬁ’ %%gbﬁggtr ns or

si gnat ures artge sheSEligashehipridwdulabent a GesB8092i8Ruhcangrid dfeduridatgo@YVENT
PROCESS FOR | NTEGRATED, Cl RCUI T _STRUCTURES ON Iﬂqll CO\ID&T OR SUE@%RATE USI NG
SCATTEROVETRYD B URENES RS dowa]l RYEnresde Piseies RRRICSBATELS ABARTFEST.

FI ELDS ON SUBRTRATRow 4,5684E6 bgétg%%rto 1188tcheDd. BOchYRli8&seks dakusseddnS. Pat ent
6, 819,426 entitled "OVERLAY ALI MENT NMETROLOGY USI NG DI FFRACTI ON

GRATI NGS' i sSUiSdPiov ébbsatios Nuzbeu! I 50.486Aghbiey 8, A0, ety "BESICAt ent
AP o L% 200N T O LAY o ARIESD 70T
et al, which aekg wlith isimeaoposdiyadichycy fof elt pmpescbor al | purposes. [0055] |f
subs equenltﬁ ph{(OJE[)SOGﬁ esi 8%11619 (?i;[ﬂgoedlilggﬁsaéf%het i%vcgl%ogss 1%%’/ ustquorcg ﬁ]tail (t:vlvéa 1‘6%8%3.1: & mng a
example, three reticles may be used so that the featurc layout has a pitch that is one
third of the pitch of each reticle. T another example, four reticles may be used so that
the feature layout has a pitch that is one fourth of the pitch of each reticle. Such
multimask processes are described in U.S. Patent Application Number 11/050,985
20 filed February 3, 2005, by Jeffrey Marks and Reza Sadjadi entitled "REDUCTION OF
FEATURE CRITICAL DIMENSIONS USING MULTIPLE MASKS," which 1s
incorporated by reference for all purposes.
[0057] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and various substitute equivalents,
25 which fall within the scope of this invention. It should also be noted that there are
many alternative ways of implemeniing the methods and apparatuses of the present
invention. Tt is therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and various substitute equivalents as

fall within the true spixit and scope of the present invention.
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5 second photoresist patterned | ayer may have two sets of alignnent grids
for each die. One alignnment grid would be for aligning the reticle to the
etched alignnent grid etched in the die. Such a reticle would have lines
and spaces that match the etched grid. The second alignment grid would
have smaller lines and | arger spaces so that the second alignnent grid
woul d provide a desired alignnment grid after undergoing a 10 shrink by
formng a sidewall |ayer over the patterned photoresist |ayer and woul d be
used to allow a reticle to be aligneddiaivie etched die. Such a process is
di scussed in _U. S. Patent Application Nunber 11/126,466, filed May 10,
2005, entitle 1 dI%| | GNVENT AND OVERLAY FOR MULTI PLE RETI CLE

PROCESS" by S@djadgjnéﬁmngmmﬁMﬁkph is incorporated by reference for all
pur poses. 15 [OOSQJ Q her_enbodinments of the inventions may use nore than
two reticles. For oexagpliest peitared laset woh edirsraljiminentgéd] so that the feature

another oxanpi o, orr el peTBeng g beduu GaPdi R meShgaie i out nas
a pitch that is ongclght ArsoflignhenpirideiteofhrigReo hEELE ey tSUGR anBblbd MBSK

processes are.described in U S. Patent Application Nunber 11/050, 985 20
filed Februar@mgé@@ﬁﬁgﬁﬁﬁy Jeffrey Marks and Reza Sadjadi entitled

" REDUCTI ON OF FE&&HB@@E%;BE%@&}MENS' ONS USI NG MULTI PLE MASKS, " which is
incorporated by reference for all pur poses. [0057] Wile this invention has
been descri bed i n PEFHEEGH oplisedpaticrpriefsecand dligiendo diidrelidnsd otdieiiee are

alterations, felAwaL; .apd various substitute equivalents, 25 which
fall within thecscopelgﬁﬁ?%?%gﬁﬁgention. It should al so be noted that there

are many al t er nat iwiegWeyptiofl phirgph enerting wHigcrmt kadsd ﬁllfgﬁiun%ﬁtp%%[cﬁ& uses of
t herefore intended that the follow ng

t he present _.nvention. | S Ih re

appended cIafﬁ%n%gﬂthﬁFgﬁgliﬁ“ﬁﬁgmﬁﬁépﬁding all such alterations,
pernut ations, and various substitute equivalents as fall within the true
spirit and sgope of the present invention. 30 12 CLAIMS Wat is clained

is: 1. A nmetHod, dORPEISmsredied i dgmal . firthst cuatiseeredediay dre atithera i r st

al i gnmenty sgr igiil e optical pattern of the second aligmment grid is aligned over the etched first

alignment grid.

3. The method, as recited in any of claims 1-2, firther comprising:
creating a theoretical model of optical pattern for the etched first alignment
20 grid in the first pattern layer after the first shrink;
measuring optical pattern from the etched first alignment grid;
comparing the measured optical pattern from the etched first alignment grid
with the theoretical mode! of the optical pattern for the etched first aligmment grid;
identifying sources of any differences duc to critical dimensions being off
25  target; and
creating a theoretical model of the optical paitern of the second alignment grid
aligned over the etched first alignment grid using the identified sources of any

differences.

30 4 fhe method as recited in any of claims 1-3, wherein the using the optical
pattern to determine whether the second alignment gvid is aligned over the eiched first
alignment grid, comprises determining if measured optical pattern of the second

alignment grid aligned over the eiched first alignment grid matches with the
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5 formng sidewall |ayers over the first patterned |ayer to performa first
shrink; etching the first alignnent grid after shrink into an etch | ayer
to forman etched first alignnent grid; renoving the patterned |ayer
measuring an optical pattern of a second alignnent grid aligned over the
10 etched first alignnment grid; and using the optical pattern to determ ne
whet her thet%ﬁ&ﬂﬂ ﬁﬁ'oﬂélmﬂzt(gﬂfchlq)a'tt&n Hth@ 8 YREnh e o8l Gheskdfdveb the
alignnent grid. 2, , as recited in claima1, #urther conpri si ng
correcting mh@CéﬁW@ﬁhgmn@ﬁkﬁduntll the optical pattern of the second
alignment grid is aligned over the etched first alignnment grid. 3. The
nmethod, as recited in any of clains 1-2, further conprising: creating a
theoreti cal snodelThefim@pdd, ealechad Irediy dfelaiihbe-gtaledn tHergdhealfirgrgmheni20
grid in the first pattern | ayer after the first shrink; neasuring optical
pattern fromrgdisengristied first ali gnment grid; conparing the neasured
optical pattern fr f s etical
nmodel of the optic fﬂghﬁ)%?\? @E ﬁlﬂﬁugth 1nhi 3 W?‘h}iqﬂm{;%é@l ﬂé\rfr!ﬁ%etncf&gﬁugn%%(
identifyinggﬁmmmcbalmtuamy,d|fferences due to critical dinensions being off
25 target; and creatln Eeore i cal nPdeI of the opélcalﬁgatﬁern of the
second al i gnment AgeEFepd QFFﬁ dentsVieparsl Wraodesnagarertt opy gt 'yeity usi ng
the identifigg, %‘Pi%\%ﬁ?ce%n@é&ﬁ h&ifst BRENGESe s8Qnftinkhe method as recited in
any of clains 1- erein the using the optical pattern to deternine
whet her 10he secomdhmﬂMQﬂnmmuﬂgmmuan@%ahhgwbﬂcmmb¢kmg@msa@h§df®nﬁsw3

al i gnnment grl i ses. det asured 0 t|p.l attern of the
second al i GHTAH %h£$] ﬁ%gﬂ&@wﬂégpqghg”gtBﬁéﬁpgp?% mﬂﬁﬁaﬁﬁéﬁ??g?%d mat ches
with the 13 heoretical nodel of the optical pattern of the second
alignment grid aligned over the etched first alignment grid, 5. The

net hod, as reC|t@dbv%hhnvsﬁﬁhﬁﬂdhmﬁﬂﬁhﬂio%mbﬂwﬁﬁiﬁW@féﬁé%édhﬂﬁﬁ§?-alignnent
5 grid conprises:

15 6. The method, as recited in any of claims 1-5, wherein the first space between
the first line and the second line is less than a CD for a lithographic device used to

form the first alignment grid.

7. The method, as recited in any of claims 1-6, further comprising:
20 adding a photoresist layer after the removing the patterned layer;
exposing the photoresist layer after the second alignment grid is aligned over
the etched first alignment grid;
forming the exposed photoresist layer into a patterned photoresist layer; and

etching features into the etch layer through the patterned photoresist layer.

25
8. The method, as recited in claim 7, further comprising forming a sidewali fayer
over the patterned photoresist layer before ctching features into the etch layer through
the patterned photoresist layer.

30 9. The method, as recited in any of ¢laims 1-8, wherein the optical process uses

the entire alignment grid instead of edges of the alignment grid.

10. A method for forming devices on a wafer using a plurality of masks,
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afirst line with a length and a wdth, wherein the length is at |east four
times greater than the width; a second line substantially parallel to and
spaced apart fromthe first line to forma first space between the first
line and the second line; 10 a third line with a length and wi dth, wherein
the length is at |least four tinmes greater than the width, and wherein the
third line is perpendicular to the first line; and a fourth |ine
substantially parallel to and spaced apart fromthe third line. 15 6. The
met hod, as recirh@hiign any of clainms 1-5, wherein the first space between
the first Iine and the second line is less than a CD for a lithographic
device used to foPdPHIHEE % flispatigied irerfor @Plilﬂlll‘wa direnmetdfodyhasnrecited in
any of clains a photoresist layer after
t he renovi ng ?a%ggbcad;f;ﬂqerlﬁﬁdmﬁgg@?éﬁdes%g%gta%gmfl%e “p ot or esi st | ayer after the
second al i gnrrent gritaniing addvgiiéd/cowerr tht fiest pitiched Ifjer Stpegbingnmant gri d;
form ng t fed phot oresi st layer into a patterned photoresist |ayer;
and etchl ng “Ures into the etch | ayer through the patterned photoresi st

|l ayer. 25 8- The dyeiching ihedBathi@e fohQet bykhe kisd Phiierm fa%rtat]@'fhs@ﬂfﬂﬁhieﬁ! gy form ng
a sidewal | g/ over the patterned photoresist |ayer before etching

features into ff%émé’ﬂ(éﬂolaé\‘]@ eyt ey an dieiep St el grenpnpirdt br ewhdye beiper. 30
9. The met hod,jyasif@eicked in any of clainms 1-8, wherein the optical process
uses the entire alignnent grid instead of edges of the alignment grid. 10.
A nethod for for mfﬁgelméfwgdb@mmkfaom/ﬁfegmttmsedﬁlgy@ plurality of masks, 14
conprising a) fo sz { tterntfla er for a plurality of dice on
a wafer, wherein é: 1°g pélfa H’?E\g VACAF P9 ™85 di ce has a first alignnent

grid; b) forning g pnemg the haye isa sheastithdygaphidsél; patterned |ayer to perform
a first 5 shrink; % etchl ngl ttohe features forned by the first pattern
| ayer and first ala)é fiflg to a die of the plurality of dice;
h) measuring an optical pattern of a second alignment grid of the reticle
aligned over an etched first alignment grid of the stepped to die;
15 i} using the optical pattern to determine whether the second alignment grid is
aligned over the etched first alignment grid of the stepped to dic;
j) adjusting the photolithographic tool until the optical pattern of the second
alignment grid is aligned over the etched first alignment grid after of the stepped 1o
die;
20 k} exposing the photeresist above the stepped to die;
j) stepping to another die and returning to step h, until ail of the dice of the

plurality of dice are stepped to.

il. The method, as recited in ciaim 10, wherein a deviation from a nominal

25 alignment is fed back to the photolithography tool to correct for any misalignments.

12. The method, as recited in any of claims 10-11, finther comprising developing

the photoresist layer to form a patterned photoresist layer.

30 13, The method, as recited in any of claims 10-12, further comprising forming a

sidewall layer over the patterned photoresist Iayer.

14. The method, as recited in claim 13, further comprising etching features
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after shrink into an etch layer to forman etched first alignnment grid for
each dye of the plurality of dice; d) renoving the mask fromthe patterned
| ayer; 10 e) formng a photoresist |ayer over the wafer; f) placing the
wafer in a photolithographic tool; g) stepping a reticle to a die of the
plurality of dice; h) measuring an optical pattern of a second alignnment
grid of the reticle aligned over an etched first alignnent grid of the
stepped to die; 15 i) using the optical pattern to determ ne whether the
second al i gnnerdugniiecsidesvall ddyegin@dnoOmen 1aldre etched first alignnment grid of
the stepped to die; j) adjusting the photolithographic tool until the
optical pattern of the second alignnment grid is aligned over the etched
first alignmery oryd adit®r - [ posin t he
phot or esi st above the stﬁ%ﬁg£mkg%1&éqgggﬂiépilﬂvﬁw¥%lmgéWH@}$8?ﬁgand
returning to %@%@ﬁﬁﬂmﬁﬁhﬂhn@uEniwwthﬂddgﬁcﬁﬁmwhgmn@hgnal|ty of dice are
stepped to, 11. The nethod, as recited in claim 10, wherein a deviation
froma nom nal 25 alignnent is fed back to the photolithography tool to
correct for any msaligments. 12. The nmethod, as recited in any of clains
10-11, further conprising devel oping the photoresist layer to forma
patterned photoresist layer. 30 13. The nethod, as recited in any of clains

10-12, further conprising formng a sidewall |ayer over the patterned
photoresist layer. 14. The nethod, as recited in claim13, further
conprising etching features 15 through the sidewall |ayer into the etch

| ayer. 15. The nethod, as recited in any of clains 11-14, wherein the
optical process wuses the entire alignnent grid instead of edges of the
alignment grid. 5 16
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