RETI CLE ALI GNVENT TECHNI QUE BACKGROUND OF THE
I NVENTI ON [ 0001] The present invention relates to the

wo ovommbieen of sem conductor devices. [0002] DupCTgsS2006/018380
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sem conduct or waf er processing, features of the
sem conduct or device are defined in the wafer using

wel | - known pat t RETTCLEN IGNWENT IBCENIOUE | N these
processes, a photoresis matertal s deposited on
the wafer and then is exposed to light filtered by a
reticle. The retjcle | I te that
is patterned w 1@@9@%@%@1& é@mlags t hat

b o@@igql i aite préem RV aRREELRE td e IR D s &hicBh@ictor devices.
[0003] After passing through the reticle, the Iight

c®802kct s Diringsemicmductbr whfer plooessings featuresadfehé sdmicdinctor
I i ght changes .t he chfem' cal clggr(%osi tion of atnge )
pifotcs s Askneddp dhg Wpics ieing WRkENGWa G U ameand gt hingygessses. In

' f ' . i al .
PBRiroSs®  BIGORAR! BT FioRted AUl VACEARR 1 i
agxposaimotit fitadd by atrbgc]€ afke wficledgadreyalyrhglhrdse dat is
materials, the une?fposed regions are renpved. )
TeréteEnedtveifh exenerlapiestuiegeamethies thapblogkight from propagating

| material fromthe areas that are no | onger

g@g c%ﬁé%&tt)l)@/%t he photoresi st material, and thereby

dpbose t hefidassigiht@ahuhestitie, theeighbddtactd 10 Bdhface of the

Various generations of photoresist are known. Deep _
ubhateresipignateriglD(Ve lighbelsnges the chamiglroswesitipn 24 therphotoresist

light. . To.facilitate understanding. F i s, .

ShoRshiat o8 i et Sibe SRR i spBop P phdlotSisDupregal. T

SR ThdeDoditide phbiblsitt RAtHELNBE cRPGEQ &S bitard A¥EIved lohd in the
R

over an ARL (Anti-reflective layer) 110 over the | ayer
168e pbHndmativt phadresist mategaly, the ankpbedl regioas preotmoesd. st
pattern has a_critic di nensj on ,_Whj ch e

P Rberi e TG HHELRGPIE o dadeipbie BPL ORI aFas tha
P4ERE rl&ﬁ%? pHRREROG he QRotdRSRE RAMRI, 2R ﬁ{e%bglsdeﬁhe the desired
exposed by | onger ‘wavel ength |1 ght "has |arger

t feetmrastin ¢lad wadeni mal critical dimensions. [0005] A
feature 120 may then be etched through the photoresist
pt0B} n, Vagioyp ampr@twnﬁpéohqtar.eswgsﬂocpwn-t RecrBgrglRdDUY)
f . | . e '

e OFadtb b 288 niy ot 8b clale i, FIEE 158s.
Pecheinhi@crobdgecibhalfvidvnef £ ReElNg okdba sEhstrbie 10a) gih atpaadned

the CD of the photoresist 112 due to faceting, erosion
aphotoresipayds rlég,i aster 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
dependent on wavelength, photoresist exposed by longer wavelength light has larger
theoretical minimal critical dimensions.

[0005] A feature 120 may then be etched 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. In practice, the CD of the feature 116 may
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.
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or undercutting. The feature nmay al so be tapered,
where the CD of the feature is at |east as great as

wWo b@70R66 t he photoresist, but where the featPCBUS2006/018380

tapers to have a smaller width near the feature
bottom Such tapering may provide unreliable

f pALEY es h 8R61o provide dedture® with Qitatler EBafedfi®ss ihéd using shorter
smaller CD, features fornmed using shorter wavel engt h

| wgvﬂlexmﬂehgi@uambmg pure@bd 193 mmpliotesistisiesposed by P9 sedlight.
193 hi ft | d oth
YishBor B8 et B rBRES it beb ShbGhf o g patem

f K686 forkieti Nehird B v eheﬁope"sfs%l @fus wmn@bmé & }?%Vﬁ‘lgla%amre
to provide a feature with a CD 0- 100 nm

piisth @3 p£90-1680 expdS dmbphotérEsmm Iexgmed bigd 5% gnpligts e Using

Rt PG e g rrpoloey Fut 1L GHPEOREGHUPBierat ey be
tR)nﬂE?VTﬂf%‘ vbul BR M biboDid@ aSHiRumQyiR 6 od 91‘;&(811) The

use o orter mave ngt h photoresi sts nay provid

af@Dd7J ondhemsobf sinssteowevdmgdi plictsiesitis nusi prgvide n@@tlonal
wave| engt hs.. To obtain CD's close to the theoretical

| Pioplemsihwer Phaiergriais Bying enecrracelenasin. JlpebtaigeD s close to the
p{hg eﬁgal 11#“{ ﬁ’x@ 11 o%%)thry%gﬁérﬁﬁs ?Fc;u?q_géﬁi%?é %lﬁegltse Whlch Would

ograp y equip
aﬂ'ﬁedulléﬂlofme)@bﬁﬁ% Hﬁlbgfapmab’qlﬁﬂherha\l’@es‘éﬁﬂl}e £93 Mhtphﬁﬁ)rﬁﬁst and 157
hi gh as | onger mavelen%ﬁh phot oresi sts and may deform

n@m@h@@ﬁsw mapdet hayiessleativtienasdigiing looger. wiobogth phetoresists
(Eﬁn of co UCtI\{‘e I%\I}/erﬁ1 0§1§§h as in the
Y $0F PLSI Ol QOnglians o e t o
' [’0@0@]35 e [flehel éﬁ&m?)%@ﬁécﬁﬁué”dvtehé&é}s didH 4318 Mhd¥@rmation of memory
per f or mance. ] FIG 2A i's a cross-sectional view

odevacepat tseiealeaiﬂ@tmnnonew &wick aiymltnyhqmlit dduinishing performance.

c cti I when s tmeen the lines . is
COROY s gl FgSt Wﬁ%ﬁm ool St st
leg‘gidu@i &)Iﬁﬁc & wherPShaLling bety¥E th S @%o%@ose according to

ced.” Over t arrier "l ayer 206 a dielectric layer
21(&8 psmr:hrt abver enmbairatb ag4rsucit asa wafey aiblarrn haylea@s mag be placed.
formsg. er the dlelectrlclagr 208 an .
aRverths pases lpyen 200y lélﬁ?:tﬁc &%Yera %Amhwa;aéwalslaxeé PHagolygilicon

T el OB R e BB e Sl AT A il e DARC

2bder informed. W Iﬁﬂttbrrﬂ:dfplhﬁﬁﬁesﬁ letybﬁ212aﬁ§fdﬂnéﬂ velthe A&& In this
shown. The spaces 222 have a wdth "S', as_shown.

pixeEple e @ﬁtﬁemcﬁ phajorgais| lineg 234a ]MV@ %‘Mxﬁlbdefmé ap ffh?ehne width
W'LG"t Qs %pgvnt %e%ﬁ&%& 2%\% 95\“3 atPW}I%lTIf eﬁgﬁ%&%f’v%“bl e cﬁ l%%t/h "P"is

désir e toreduce pi

ofefined U ihrGuri dfahe hd Width afy/ the @paLIVAGISIPAGES, Wk gﬁdivn It is
FIG 2B is a cross-sectional view of a patterned

piesirehle & wdueethe pitelolengthoduci ng conducti ve or
[0010] One way of reducing pitch with is by reducing space width. FIG. 2Bisa

cross-sectional view of a patterned photoresist layer for producing conductive or
dielectric 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.
Over 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
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be placed. Over the barrier |layer 206 a conductive or
dielectric | ayer 208 such as a netal layer, a

pihgss ldbonith plagteresistaesiduci2 B foehed i dpay@rbetedn@hdBatterned lines
gé\% the | ayer 208 aﬂoant iref|l ective layer such as a

| Ereresegics of the ghotarssist tesidye d L B oravpasshysprovidizertoo small of

212 : | 0.t hi e, .th .
2305 SRy OBttt Bkl ey SATBI R B Smquresicue
2fr6tn vérhdll g0k, OTHS insdy 1eis HbURnehBof tBE BRMICAVSRASSRat may be

between the patterned |lines 214b. The presence of the
pR®Viledsi st residue 218 is caused by providing too

sl | of 2 space Reheld 15, Al ARG s 2140

since it is nore &FHregrt—to—rcHove— e froma

s[ow1l] spareachidve ShdMYedoldP dndtif ac&%&h%gé Wé%];\t/'}\l/i\g@—p&i_e of the present

conductive lines that may be provided.

| yeniuneNnethod for atigningtu retiele isyarof deéd.gAi fivgt @atdrried layer with a
agcordance w.th fhe purpose_of the present invention a

B BieTE %ﬁaﬁowe@ : evef &yplg a5 g)meéa}'erm fipss patterned

P : is.

DRG0 Aot STt thi SThe Bt R BTBRY 186 b i S0Rnto an

| etgle tayeotofernh an iched firss tligtmdntkerid Tae patighedlai@ieRmioved. An
grid after ;Erink AS,etched_into an etch layer to form
a?Ptlé?flﬁlP?é@ﬂ? phatecanq yignemnt grd aligned o vprihe stched firs pignment grid
r I a._se Lignnent i d
R O BRAEuREL T1  AR R EPROhe Y e

nerédisratignedidver dpt dtcirl fratdlighMentseridsed to determi ne
whet her the second alignnment grid is alggned over the
0Ok f ilp geother ragnisatelion phithe loEDtPn, lamethod Ferforming devices on

e teL BB Bl o Frasfi il B GRSl b L 2 Braratity of
pdiowbiledhated i forekd PAtidr&in g@éh didBe thefhiraBryRlrdhi@ Hak ¥ Rkt

dice on a wafer is formed, wherein each’die of the
pilignatent gridbf Sidewall aersard formed avérghefist pajtanokd 18yatenpédform a

SVl T e, P b isChadRBulorraad drynliement arid
faflcf bhrittd dre eRnLENRS arPith Layeslo Bl AR ERALA Ak S AL erid for

shrink are etched into an“etch layer to torm
faarls tlyadf the pbmalitg of dice.oThe patternbyddapdr i femowkedr Al pHoyoredist layer

di ce. Ehe Igt?ltter ne% | ayer .is renpved. A photaoresist o
|la§%rfne SVPORBEDy dhe pieniaplaped mirephnilihographis tnobdAiraticle is
31900 o oSy A el ARURLEph o FRRED R i

o tlenaitieleiatjgnehdveg an dtchéd filsealiginicnk gridbf gReEpPYLIo @Bis
etched first alignnment grid of the ste%ped todieis
measured. The optical pattern is used to determine whether the second alignment grid

is aligned over the etched first alignment grid of the stepped to die. The
photolithographic tool is adjusted until the optical pattern of the second alignment grid
is aligned over the etched first alignment grid of the stepped to die. The photoresist
above the stepped to die is exposed. A new die is stepped to and process is returned
to the step of measuring the optical pattern of a second alignment 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.
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nmeasured. The optical pattern is used to determ ne
whet her the second alignnent grid is aligned over the

wet@heoichs rst alignment grid of the stepped toPdi/ES2006re18380

phot ol i t hographic tool is adjusted until the optical
pattern of the second alignnment grid is aligned over

t[00134t c h&thedd ansitotiedrifepmmendt @e pebsert ihaitioh SANSE de&rbb& in more
The photoresist above the stepped to die is exposed. A
rfi?@@lﬁbféo‘i"én thedlstraled descaintion pbide seventon andiinregjunctiohwith the

f E{@@ uring the optical pattern of a second
Zé)ﬁgvr‘{?ﬁgn g‘?sl'd of the reticle aligned over an etched

first alignmeBRIBFIDESERIFEICN €PTYHE PRAULCGINGY i | al |

il
of the dice of the plurality of dice are stepped
t18034101 3{The peesentdmcenivh evillfigratesdt isway of hranple sedhot by way of

(oo B g of R tororent the it PohinRch e oference

© GRS Fd oo Wirhilarl dMn&d 4:00h RehidH: gur es. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0014] The present

i[AQESIt | ORIGS. TA-Bust scteartibyrosmyectibnalxasvy 6f a ik dicHedby
way qf limtation, in the figures of the acconpanying
d‘r‘%‘%ﬁ%éo W 3hi ch |i ke reference nunerals refer to

biidiar elGEent. ' Mexalg l,; E A-B.are .
zc??ed ti(f:}i cr oss-%s%%] |Hgﬁ1§1 \h/liag%\gécgg &é V4 %Sﬁpea%tgwgg pBOtoreSISt
doyeoy fdrmgd bevotdigg py thepriaf 4rt. [ 0016] FIGS. 2A-B are
schemati c_cross-sectional views of patterned _
BT esFKT. Jigpédiigh lepeldtay ehecioridimgcass thiahmap b aseckintan

: I is..a high level flow chart of a process
%%g)%d@ﬁ?rﬁggthﬁggﬁhﬁn‘an enbodi ment of the invention.

[00B}] FFIGS. 40AHHr@EheRahe BRaki-SeclibBR iRl LRk ﬁf%?@éﬁﬁeg

of a stack processed according to an enbodi nent o
apRAEGNE b; an pobadinept ¢ theinventiorf. | ow chart of forning a

i [ yer qver .a patter.ned photoresist |ayer.
ﬁ?fg‘%']a USG5 n oS gt coripine sidgwall bes everanticrned
PhovtARe 1dyaPr oved mask alignment. [0021] FIG 7 is a
nore detailed flow chart of a neasurenent of a

$0@@0ht urElGO isa dlomdchpettolf @ phocef DA roHdESimAved @bk d1RPment.

' 92 of i.d patterns_used in an_exanple of an
l(}q \é\i menk I%{) /3% a &ore detailed flow chart of a measurement of a signature of a
grid pattern.
[0022] FIGS. 8A-D are top views of grid patterns used in an example of an
alignment process.
[0023] FIG. 9 is a top view of another grid pattern.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] The present invention will now be described in detail with reference to 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. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
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.
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[0023] FIG 9 is a top view of another grid pattern.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

WO 00249163he present invention wll now be descpPtbes2006018380

detail with reference to a few preferred enbodi nents
thereof as illustrated in the acconpanyi ng draw ngs.
| 0025k f dh buier gprdesierfegities withrsunbrapitisalstigehdibis (CD) using an

details are set forth in order to provide a thorou%h
uﬁ&%rrt&?shé“ﬁg%’d’ foresi¥ PErcSEe A NSt ArBrATioMmapk pigcpys Hae been

. . skilsl ed.i a that th
PRRRICREN (e BAR Kt R D thit B rb S This s Eeniifion
afhagkheseess pepirts highet gredision ks hh@iménts hame®sd f%@rbviding a

known pr.ocess steps and/or structures have not been
JESEERTERASP 314 qyékaproogsh fesrmarsk alignment inamedtipleanaskyprocess is

S@égﬂg@ the present invention.[0025] In order to
ovide features with small critical dinmensions (CD)

U026 an Tol feldlitateaiiRed AU JVIROR S ig%er%%ﬁrﬁ?ﬁq ap(r@cé@E?Ig. 3isa

%Eneration mask Process has been devel op US€
gl {9yrkflom sharhgl aprdcess dhvt mpyheased i anldmisodi@ztt of the invention.
her. preci si on mask

T S N S T R e e

003 008 Bl PSS B

Lﬁiil@]mdml@tﬁ@lf ﬂga ioferttivn. @t a gesaniet40dnsurh sk apvadaesSarrier layer
I NN LY ML N R N
i i : .

5 BORUSEE 481 9 B0 A P IE e e

4A48iap aaticflostivedepdri(ARA) 4v0 ewehalk adD ARC lﬁﬁeﬁfeﬁformed. A first
' | ayer in _an _enbodi ment of the invention.

hot t
Bdpnad Bhiieiesiat yerH 2 18 fRrmed over thaARL 41 b anthis extmpler the
: | ' | w406 t
PAfetiBy s AaAREE Wil MR Hiine LT oges Show“he

[3phoes UR2 nthe lphy@Festyt lyerlhae AGHEIC'S, 8Y%8 khdven.f PREBRLA length "P,"
Over the etch layer 408 an antireflective |ayer (ARL)

1 theshattprngd photopRet laxpiis deingdosrtelsunaof thedine ¥dth and the space

ned phot or esi | ayer, 412 i s f.orped _over .the ARL
AT e Po Rl Sherd s e priBaniRr B RS ¢l
Wtletighepthed fettaqas ukbtetol f ] el Bl i ih\?&é{'- Nesi
spacgz‘gﬁlﬂ_z inqthclel phgtfgﬁgQWS&thfg?hﬁtg\?%wz 'dt%lg'}%g'r?ble to
sedusp dhwrpitcithengdit ch | ength "Pp" of the patterned

BT S RS B S Bl T S
DS ppr s LR 80 UBLo
prertthe pafiesned phpeoresisitlayes tatediveaD st 312), which uses gas
modulation. In this embodiment, the forming the sidewall layer over the patterned
photoresist layer to reduce CD (step 312) comprises a deposition phase 504 and a
profile shaping phase 508. The deposition phase uses 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 form a plasma,
which shapes the profile of the deposition to form substantially vertical sidewalls.
[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
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reduce the pitch Iength. [0027] A sidewall layer is
fornmed over the patterned photoresist |ayer to reduce

wo b@70R6fst ep 312). FIG 5 is a nore detail ed PCDWS2006/018380

chart of the formng a sidewall |ayer over the
patterned photoresist |layer to reduce CD (step 312),

vivithin the patteyaes! Hotoredstilater spaces, Whehd the 1A MBRE feath§424 has

form ng the dewal | | ayer over the patterned

p?]ff{gl'}?%ssipg?e é@;ﬁgﬁ“ 1§ {553 tign éhe spprq SPS the fitst pastepnddsphotaresist
ik refile shapin ase.508. .

TR ooy AT dRE 300 TP bl o8y SRR PB4 ghotoresist

flayenia SPfedsssahanthe space €D 61 the fistpatiemdll bhotBXelst RYE! feature. It
the sidewalls of the patterned photoresist |ayer. The

pif 3lse1desisabls thatthe pulswall dayebassubstetisdly ey il sitlewalist428, which

B T ot APPSR il B
[ 028111 thhiGrord Boitsmao S5 vaHRsias aﬁ%@%m@y%h }Ral, 96"%%

the patterned first patterned photoresist |ayer
viiatternoisthe éetire. Cagformalxideatenbls dnvealdepositionayes e sl | s
0 he.first patterned photoresist |ayer. The sidewall
bRt e o GRARGE /BT HRLGR IS he koo ofdmdetis, Nore

. I i | _
R@hf&ﬁﬁﬁ@id@\bﬂls%%ﬁfoﬁh a faYdiing P Gb?éad-wﬂg%e ohg?m?ﬁé %\g@l rovide

| ayer feature 424 has a reduced space

tiearsubstentidlycert©al giflewils. flapated paletvellngebnp ot fac@BigTormation)
| ayer. fé{efer-é‘b' t he reducgd space. CD of the )

FAREeds g §i etw%fétn?*’éfrlﬂ%f&a%?ﬂ ¥ dnosited layenfep and prryide a poor

| e S$n f I, T . :
R D RACR EDs {1y AR e sigp et s
tthiekeri thavdleldepatiom diethe dutisrhaf theafinsypat@fiddGMbtoresist lay'gl;]

| dewal | s 428 ich are highly conformal as shown.
Emt Meye PQGFE@E& A laver isglepasited exgr the betien of the first patterned

g}hgﬁ,\p@sligt %}gpfea ombottomto top makes an angle of
e é to ‘Wi

t ween with the bottom of the feature.

@oE%r maA fasidened festultdvee tefl 6RRE fnk®thel BHhydrA@B 11B8eh the
%ku#stantl ally the sane thickness fromthe top to the

Wathlarer sprses Giep3rle). Ki6ndErshowmalfirstisdeokfichtarasdp? bwhad into

[ r bread- l.0af i faormation, ich provide
Bl ABFABRL Rt ORI B AR LSRR 85,
$dydeves ha 4 EDamdinh hfdGs bl ' i
br}gad-l oafing sidewalls n%@m’r({}%%e sdgq?%lgiaglgpdgg??tgg layer
ifeafiere. GrprantdceptheViTef theforinres b thierfstat offemacks 432 may be

SRR fron B R o Ui ot e fpem bR i20n ety since
te Chrkld EhoRRlitISReh R g@ﬁﬁ&%ﬁlg' sﬁ%ﬁ%ﬁq‘i@h & o?/ﬁ{ee
e e (0]

preferably, no layer is deposit ver t tomo

phefofeisis # 12 she EDrof thepfeatuoasés ttetdlalyesr 408as stilsmbIRH 2 the
res are then etched into the etch

Ifst set of feat
@g/%t::tﬁz BEOtP’fﬁS’éh‘éf?- tlgéhe 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 etched might not be smaller than the CD of the
photoresist. In addition, a faceted or bread-loafing deposited layer may cause a faceted
or irregularly shaped feature in the layer to be etched. It is also desirable to minimize
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.
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etched in the etch layer 408 has a CD width, which is
equal to the space CD of the deposited |ayer feature.
L10030hct i B, pattemedphofordshve 1dyepdndr dposifedtler bid thén Sbped (step

43 be .slightly | h he CD
CEa0E 58 73Tt B i B oo
t |1 : ' 1 gni fj tl
05 Rl TR S SRR SALS, Aq TR o

t $teppiagtpuocess. i FIG BB shibeb tHeayBitrd©300 stitihd heg%@ﬁéd BYer and
than the CD qof the photoresist 412. If the of the

dRiesisiayehave ke 16MPyeds| i ght |y smal ler than the CD

0 p i St r if th eposi.t.ed .| ayer was
rIOUBTE ° oF e B o e S84 Al ren i pg ctched
b@tept AR dinth{piexample, bSccfB kb etdhdBatil§ afdiQfed! H?Lerefore a
photoresist. In addition, a faceted or bread-loafing ~

a¥sserd feligle i&?@*’idﬁé)(;féla 884. A sewond pattermlrl]ed plro&geskiarlhylxer is formed
S in the yer. 10 be etched. It is also

O Bk R pteD (S ARk Pt 1ahe st sohasPlobd features.
QNG dBshbw tHeasabittfe 404, Wil ot

features etched in ?he ’I‘%Hige?a %%b&e@%@hﬁ@g@{% 1%%56?2 has
e Herseediavanthetetchayan 08 hehqtintths esbsd piteaiadrholdeddllayer

102 PR R B G el b e e 42 dhescadndpatterned
eresiiBRr BFe fbﬁﬁecﬁ@ﬁ?@ﬁf e ﬁtrsqgét 'eﬁéﬂe&‘ fga%?r s(s ?é%e o

ihd
313 osited 'l ayer reno step and photoresis

d0632] As Wi sidewadllaper isithed dbgosited ovatihé SREWAISREESSond
Flg& 45 ghovvs.t e substrate 400 after the deposited
IPAFEICS RACISFSISh 1es fsptures je redresfethp £8h(staprdd e d FIG.GH34 b

-Dat d. o8 addi.ti onal, .features
O R P PR 4805t P Bl e et i »
sistewail layer H50 deyiasited o eherdi ddvadls ofhﬁrs%&{@pat@néa@g%resist
reti i s provided (step 304). A second pattern

ST gi!‘i s1 8% Sifewalt layer 450 famas vsidewalhkyer fettars 45lawitlie she
AR e L b B
ben Tor med over f ho DRE (D80 Beatis3 nafiFied AGRRAR: ayer
Seferblypthetredused spravotob thesidewal ldgyer febhiRe G0V Sesk Hiem the space
G084 SRl prEah SRy e S o dpiinc o rgp dgatabia ecne
Ef?éﬁm%‘f?‘ﬂt%z%?‘q?%&?ﬁdgﬁg JEE R B5afial 1Rt higyay g e

highlyseoasrrenapas shemme dAiptrotngrlesf s subisayslly eatied] eRlewall is a
Liaduge ﬂlatt lbrgm%%ﬂ(o%{ 1%ptog %nza](és élli‘ll a%gle4§f ‘tie?wgen 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, no 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
etch features 452 between the first set of etch features 432, as shown in FIG. 4G. The
patterned photoresist layer and deposited layer are then stripped (step 320), as shown
in FIG. 4H. The line width of the etch layer is shown as Ly. The space width of the

features in the etch layer is shown as S¢. The pitch length of the features is shown as

7



schematic cross-sectional view of the second patterned
phot oresi st layer 442 with a sidewall |ayer 450

waleonitessl over the sidewalls of the second paPCEHURA6/018380
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phot oresi st |ayer 442. The sidewall |ayer 450 forns a
sidewal | |ayer feature 454 within the patterned

pPatvdreesPsL Sy Bor cpgeeisonpatientdphabredtlayer BIP,, photoresist
feature 454 has a reduced space CD that is |ess t fian

t fae gpdtbdocydgthofgiesisf spesis DefewiiSa4 phaeshewn it FIG. 4G for

| . . : f id .
85 BB BRI SQI6ELld BBt b
s dio aelbpditricat, tedlepithof fRSjikh brake feah@ad PYi€ halfthd 18ndh $Pthe

desi rabl e that the patterned photoresist |ayer feature
4 pichakthe ppiéeraed phatorpsistdaydr Pal sindedbaking widthbetwreen faatures L is

hi_ gl f or.nAl . | f )
P ETIR c RE EPURL P e v
f SeRhRIOr B dpacd RRhEPHRSnADIRNIESst Qatyepgt.w?ﬁé}e‘ﬁ)ge, s Bfbcess is

with the bottom of the feature. Prefer abl y, t
daple$e nsedmwoanaskine sémdo dauble ewh titvtwk eesolittion, bjngeducing pitch

d t bott om.of th not i st feat .

VERaT iaf Bl g Trfheagpdhe Pl pldPuBEabe s bkt
OfitHoBRpR) BERERS 11§ thil @)@ing{lgthe[ 933l ofF gt Rafifefifim3h CHI%E
|ntotllw)e etch layer (step 31 formng a second séet 0O

epatterficlgthoterssigdtI2ycb &t ateted tb te shinestepthadr abbutahe Bame depth as the
featu %vvn in FIG 4G The patterned

es §32 as sh
pFﬁS:PBﬁ5 etiol pich foatpres famdp sesond gatteyed Phateresinidayer, as shown.,

stdpapped . : in F 4H. . The l.i.ne

oS SR a0 ) g U B s

wieibdt sedp (btep 3BERitUS @teinfinéd haethe Prd YLk nbﬁre%@ﬁwg?ei) 324).
The pitch |l ength of the features is shown asPf,

St . _ _

wilo3el pr Oneichpllenss fovimmlemensation ofsuclep peatessio the assinste

I ' ogtorgsist line width Lp, and

p ¥oé oreglg)@?‘es%ggg%%élg{)ﬁﬁ%'m FIG 4A are shown in FIG

4G for conparison wt hIlft@laMHsEA]i]gt_n‘fﬁbnE’fa feature |ine

width Lf, and feature Space W [~ hi this

el¥936li nerMarioupsouressgtfhalighmenierprst mhy EwrentlyexfseaThgre $s about 2-
s half the length of the pitch of the patterned

BB PpLiso Biterdp el phers Yrgiaipw: 7ok fodly im

f @aHERSarld odtizalftb ine width of the patterned

phot or esi stoﬁl af}{ek% %%r[%;\ﬁa%ﬂ?%%if eature space width Sf is

hi087]of  tlihe nspundegyi madihgispabther fedcadTd-8 hesdredr. TAY &fafer may

S@ Th%ﬁ)lefore, this process is able to use two maski ng

STEPEAYY RANGH st the Presesthambes b9 aampBalogl yool éxjtepsige mask

Pilfgelheh N b} B8t AblncAhofeat ure width by half,

iITe using the sane p oresi st it hography process,

hio0381i s E©uareplly wdfersfatd Btasarld iR kevriA NodBiohs'6® thelvwi A8 quut not
the first patterned photoresist layer is etched to the

hige dissiim 2 srafemseimeatiecd afe nrepink thesovdnley sotsn dosssst box-in-
oS T 5k AOMAD G 35721 8! LPA0PE RASLORSE i
readings are not accurate to nm levels. The entire wafer is not sampled due to

throughput limitations related to going back between the stepper and the metrology
tools. The process of reading is manual and slow. Finally, although a measured die
can be aligned accurately, the rest of the dice on a wafer can be subject to statistical
errors, which can deviate from a mean of Zero error. A faster and more accurate

alignment process is desirable.



[0034] Since this enbodi nent uses only two patterned
phot oresi st |ayers, at the repeat step (step 336), it

WO 20000015311 ned that the process is not repeat ePICT/EEEP6/018380
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324). [0035] One challenge for inplenentation of such
a process is the accurate alignnment of the two

p$A036F nedl'd &yditate uhdéretandBSKFIG). bWUBBH hQR36h pMALEOHS:

sources of alignnment errors may currently exist. There
i Broydssamproved alighnagns uped fos nexdizeteratioromagifserA ficst ged pattern

pL: variati h a > fil.mthickness, and :
oEEEAER BB 308 Lo oppHiseinaEes oot e theoroical
r ieddligrig paBeranothesiveO st o€ fighs of s%rﬁéﬁbn%ﬁl%r%{&% Y&l Rfated. By
may be manually noved fromthe process chanber to a

néRacHyinghe blss formerbaknyee wafeland!d mymnipatt Dy afticabsignature of
. i t errors. [0038] Currently, waf

g Pl B oBiasitomay b Modelelar or (but not

afdoqbpe di §RnhtlrAr R aS sk ;QaEt@ﬁH% abhsurdd QW)SEE@% is a

overlay errors, coarse box-inbox structres may
umer: defritaddlaaw ehaseafahialstdps Suplsotoebiat wteted 1ies ﬁﬂ&ﬁ%ﬁned

[ [ I | s.

S PR L8 80 B85S et i pv o i
| H4% [ d [ t t t er
hGRaIone, I 258 800 Bl DSBS R EER 08
naplusdlitanfheizontal Ehesa 12y Otabrt dmigngllanta%rtﬂq@ﬁwhﬁc{n@ Fe €20,

ngﬁ?l [ qn d agcurately, the rest of the dice on a wafer

{5 %ﬁﬁ?%ﬁléestﬂée utediidh 1 leasthet fegpisfountimengreater than the width.

dg¥ARIS if 15 ?eﬁeﬁﬁ i@ thEHLGs B f(i]c? rq‘op@& fﬁ%? f’%é%gjn 112 i[s(nf))rgferable that

accur e alli gnnment process 1s de

fsaoid oftthe BnesrtdaubitanthiR@rthbidaal & dtherdides OWiSBRE p@ferdble that
process that provides Inproved alignnent used for next

GRS IHIes 8 Grtheranal forperpandipuiag) toatherdinesi realition, ihe width of

. A ti tical si. t .
REEhets kSR featict R PedbaseFlo Sl 7 sBudk Proctvuhion
satregdes thd wRlttOdf th MBes M dRddcadel HEKWRIIS of fie Q?&%E.at ed.
By specifying the filns formed above a wafer and a
r[émlﬁm &ohriak ivparforaed oh dreaphotaresift daitghied leyee(sepdios). This

i ght int it be, nodel ed. [0040] A

ST Be s P AR bbb IO o oviidhe ahemyslus Gep
6a8).. ini i i
oo S A ik By S Uchoal PRh 58 ghfurofile
(buupg plsy 508, aGshwin irs FEG. 150 [F1GI 8Wiof toprview iof ieeiNenstehCerid

hat is. t .of a photagresist patterned |ayer. The
%ﬁuﬁ @ﬁﬁ‘éﬁ%@ Sé?lﬁgﬂaéd’ie% BeResd founipg g sidemell layfer owertthe patterned
hayResiB8R &Bfhple, the dimensions of the vertical and horizontal lines 808 have

been increased, so that the spaces between the lines have been decreased by about
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).
This is done by exposing the etched grid pattern to light and measuring intensity of the
reflected light as the wavelength of the light is varied.

[0043] The model is compared with the measured signature (step 612). Sources
of the differences between the model and measured signature are identified (step 616).

9



a plurality of horizontal lines 812. Oher alignnment
grid patterns may be used. Preferably, long lines are

wag@domiesh a | ength at | east four tinmes great ePCT/HS2006/018380
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the width. Although it is not required that the |ines
be horizontal and vertical, it is preferable that sone
ofSotdesnfliher@sirdes of thes¢ dififetembtsymay bhigose rb@gtRefeind the CD
lines. It is nore preferable that sone lines are
oPEWEPEHAISS.or perpendicular) to other lines. In

{fgh ON, At i dt h. of | i i t. thin with
", 3 Dol Boel SRR RGP e Bmootne o
wWhiodlel ofitee eaasiserid e comml for e @DQ:hhﬁ%@ﬁngQ ?&fg?}ﬁé‘s%,s

r

the width of the spaces. [0041] A shrink i S pertforned
oASYmactigstalt @3 pisthe phvlealigoientapenk. (step 708). This

oSO e TR TR 578 Bl e B B o e
PERESRE (5BY 62O AIMeSR081HIE RABInbiATs RRASE cfegée @E‘ ﬂE?atic%Iénodel

profil e shaping phase 508, as shown in F
i of whaidpe vpiisel ofterfdrencalpatenerftheyeconBgdd pitteen wiolikl be with the

i,nk h b f df ' id [
25&1” g?lﬁgﬁgﬁsgﬁelggﬁgﬂe&F oWér nfe.qunalor gz‘hlng glenple\gfa t heayer
dj ' ' ' [ 1d 808. . .
TR0 ok SHRE LS 1P, AR AR Ryl S i putin

| & seppdravithelsepperckieps aastitle bythaleudnd Q¥ pdifeaf & 2dbeIn other
the shrink process causes the spaces between the |ines

t GmBAdIsRisyihegyatprg set aligned THbe steppar desdeadntik alignmerids

t t d.the ali nt

o oBi Q7 OFNceF R Bloeh MGy LERAGHTHe e Gpfia SRR or the
psdcbad ped phtsteoversthe Fiesd ofig penad of I Metped Bedie RS ie&ured over
signature of the first alignment grid is neasured

(Beeptimizid paters(step @éh ZF 8Exghowis ngetdnd gridgfatterngildchf 2
P e S AT
V&3 RGnattk GfbArsil; %‘{& Z%-@Qﬁl 8045262 ARAFREpMCER. TG, S5 3P Liew of

signature (step Sources of the differences

bide weeondigniel nabidel 824rd tivemticlesshosingn aolid Bnes; placed over the first
identifie tep 616). Sqme of_ the sources of these .

P e Bod iy tEbes Time ThooRNeSacT A4 arplion patiem s
b&da® $iRg elori st | i

oS ottt Bty ARG PRI oISl by ot e
ofieasueing ottesity @f it raflewethlight fag thet ey el@gtthebe Hghtl it P&ried.

eﬁﬁ rougha%ssh asynnmetries, etc. over the mho%e ]

d Enme nt> Agipininatais madp of whethenthe paadeladrmad rcagured optical

TR A AR oGRS B A R e Tierrec

copg@blepdtiems then ceiinaals 150 defrecting the alignment are generated (step 632).

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 second
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 indicates
that alignment is complete.

[0048]  The reticle is illuminated to expose the photoresist layer above the die that

is stepped to. The stepper steps the reticle to another die on the wafer until all of the

dice have been stepped to.
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of .what the optical interference pattern of the second
grid pattern would be with the first snoothed grid

we@y@r/0btee3 whol e grid area. [0046] A new phot or BGT/BE82006/018380

| ayer is then placed over the wafer. The wafer is put

in a stepper. The stepper steps a reticle with a

sk90491d gin d sieapérea reticte mayiprevidenndmbgs for sl dreiilsple dice.
e wafer. is not aljgned jn the stepper. Instead, the

a hejmagn droms theggtialy sdoBpeden spefee apverltingsany stewgocess. The
OBLAUICKRON ORI 150 BALRER, O oL 0o i o

swefppadthbicond ighsicnEis dufiefbr evekal shPs 6Ntay ¢ §5def process performs
pattern (step 624). FIG 8C shows a second grid

paxalignmepblor gachetapet i cl e. The second grid pattern 824
i ses pvertical, |ines 828 d.vertical lines 832 to

OB R G e e ipRe BB il i CvelopS. A
ideeIdaydr iSForBB béerahd @6veldp8iVpRotoldiRt Fa?&o% 85t signature
pattern 824 of the reticle, shown in solid |ines,
phaclesiusgd éo agaie nfeaswe thyralignpenttaditie B0t sdphotaresish nhenent
l.ines...The asurenent of the ti.cal pattern is done
SRR T ERRS T PR eoRE oD heptsd Sipibrs i e

iBhPeRSd e i i i
el s et B AR o Bl hokgea it
ithe aligninsuhf bEOBANE photdedsist dévebipntent isscomde epbuglh efdatrres are

T TR b BRSO 2
d j Ar .
U, SRR s L ITERII e oy

sileppdigninsnteid jbe peefdrmationhl sigpged chditber] T8 ERMMERRPRADS the
to carrect alignnment, Such adjustnents nay be the

'y

( 9 : . .
HEXFBHERPTOgESs aHaWE ap phgrmett processibatarosides ghaligonent gridfor
th& ¥eheh wa process then returns to the step of
neasuring optical patterns of the second grid pattern

$0@2] t helnblohd bf GehshriBatReddacd &8P gfid Hhtterhdli ;
I's repeated until i{l ?s dg{ggrm neéﬁt %atetﬁep%r%rdaglgggéemlre

&Rd raders s Bmipated aThplight ds peanizadeingd awhlcotatédrdiloadfahe

- alianment (is conplete. .[0048]. The reticle is ,
e veRl, Yelad i SR s H%PB%@%H%@@‘EF@%?& alﬁis%mwg the
theRrdtidal andsmSs@RA R nb@res 1M TH ﬁﬁ?% e§t‘ilﬁ§t§d.t is'sGink Eﬁ‘@cess
to another die on the wafer until all of the dice have
prebesisepisatdicate[iDiba Jipstignidpaterapbier shrinkrie niisdlignedwith the
Erovide an_.image for single or nultiple dice. The

?‘ﬁgaggflfigmt?rﬂe reticle is formed on a wafer several

00%5 | v, 9€ T5f '
Uy o BEF T ancl READ G0 BRLAER 004 that may be
abddgn e embgdintent of theviafentios 0 Aghial thepeidaaiterhrodiiprisss a first set

done for several ,steps or may in a ste rocess
Bgﬁlﬁ%rt are su%stantlaﬁy (?rthogonal tg a second set o%‘ 11%65.

[0054] Methods of theoretically estimating, measuring, and comparing optical
patterns 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
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
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an alignnment for each step. [0050] After all dice have
been stepped to, the photoresist |ayer is devel oped. A

wak@emaldess | ayer is forned over the devel oped PCT/US2006/018380
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photoresi st |layer. An optical signature naybe used to
agai n neasure the alignnent of the patterned

PRRIPKASHEO DA DEHC TIREKOWHRL AV EREORSUHING@! | d and

conpare this with the optical signature for the
aBCHATEROMETRVE publishet depletbat 22008 1o Mishdysb guevhich are all

nmeasurenment w.l |l nat needed if the alignment before
t }EOTHR ?fﬂ@é getrera;gggqagﬁwgﬁ?seﬁ.s accurat e enough.

F es j t t .
GBS oo AR et e 6 by hed M bfoming

t fdcendplosterksisi fmitehet! layer praghiavesva et oftaligembnieghissdlr ¢agh die.
all ow_ al i gnnent t e.perfarned in the
forsflk

cHaRplignmeny grid v guipg the retigle F%@%ﬁ@@@%ﬁr&%@gﬁd

a . J i . ROy '

ok 8 OB LARIAGERS Pl 25085, 8 BBk
nﬁ@é.u’![‘hdﬂ gcbhi®alegaest afid Woaldiave spallédines and taegerspiney so that
the entire grid pattern is_ illumnated. The light is |
piegesondchlighacnt grisl wonld peayided desirgd aklﬁ@nfr‘nfstg’élﬁsagt@yundergf)lng a

vers vel engt h_si.gnat | ' .
R R S BRR S R ef teort Imor and wauid be
S{LEHAab WI16W a rbfide (b @ILNBE tehit ettt @ dic. Tkh apedtesPik dietsed in
maybe used to indicate if the flrsta/?rlll%dgattern after

&

shS. Matdns AppHedtiongMaunier b/ 126466.d8leh P, eatithed "RETICLE

SIS oD TrAERYAOE AL ARERREER RGeS gy Sedia

t Bearl Q@I ik it oreRbD by FdISrefdd fir RRbhpbsesconpri ses a
first set of li'nes that are substantially orthogonal
t {0086} e c dDithesehbalimbnts o the[ifGHtlipniviai osismofe than two reticles. For

oBtireRF. BiRerGie o & G enreg e e ORu B (et is one

P‘ixﬁs@@{&%@@% cgé%c}?fgtiicfel. & anddhdr wél;@ be used so that
Yt

| ['T STRUCTURES ON SEM
SUBSTRAEH 235k NG SEAHRERGVEARBUMEASURENENTS oabh teATIENSuch
| MAGES | N SPACED APART TEST. FlELDS ON SUBSTRATE.'

guiimadyaresssses 2t dosgubedip UratadendApplicatiqy Bt 450,985

ST R IR RGPS o

SEEAITERE €RITICAL DINIENSIONRAUSING MPLTTIH MIASKS," which is
2004/ 0169861 entitled "APPARATUSAND METHOD FOR

DEEpppEaies by/mierancedRRaARBIpe NG

[0057] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and various substitute equivalents,
which fall within the scope of this invention. It should also be noted that there are
many alternative ways of implementing the methods and apparatuses of the present
invention. It 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 spirit and scope of the present invention.
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SCATTEROVETRY" publ i shed Septenber 2, 2004 to M eher
et al., which are all incorporated by reference for

wa@bdo7porspbses. [ 0055] If subsequent phot or esi SPCT/US2006/018380
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patterns are to be used, the reticle for formng a
second photoresi st patterned | ayer may have two sets
of alignnment grids for eachCliAdMSne alignnent grid
MQH d be for aligning the reticle to the etched

*etched in the die. Such a reticle would
hqve |w@&@w@a@> gggthat match the etched grid. The
second al i gnment gri & woul d have smaller |ines and
| ar ger fopricgs fisa patiahed hgerseition tirakiignagite@r i d woul d
prOV|d? a .desired alignnment %rld after undergoing a
shri nk IR iAs Wyl leyers quckdhe firs pattcroedlayerte ppefoine fiest shrink;

Po be SPie PR ARt U a R AEE S 28 siefidedis ¢ o an e
diisst aBgrederitgrit, S. Pat ent Application Nunber

11/ 126,466, filed May 10, 2005, entitled "RETI CLE
ALI GNMERTOVAMDthewstternsd kper; MULTI PLE RETI CLE PROCESS' by

Sadj adj, h cor por.at.ed by reference for
all pur pg%uc@ af(?\l\g%é]q pét%ro Ehes) flﬁi}g@@e@fqu@gne d over the
| etuledat filensligi@entig@d;mage t han tmo reticles. For

exanple, three reticles may be used so that the

f eat ur eSingiiswptipalpatierpite dbfetrhiat vitsthenthetsbiord adifgninBer grid is
P | ch re not her exanpl e, four
él{%‘h@? 8verﬁ£§e etﬁé aluéré d‘%%“qq‘?gg“ ‘he feature |ayout has a

pitch that is one fourth of the pitch of each reticle.
Such mul ti mask processes are described in U S Patent

Abpl i cBhd mn’fhmldl,rdsafccﬁbdl/lmsmnﬂ85ﬁf11hbﬁcbn|ﬁﬁ’£§ilt§<§dﬁe'étm%ﬁﬁ§vhgnment

ffr Mar k Reza Sadjadi entitled "RE
d}i“’i%ﬁiﬁ%a%tw@n hgspepprisplagapsenGializned pvevmaBKScted first

hﬁﬁipcorporated by reference for all purposes.
e this invention has been described in
terns of several preferred enbodi nents, there are

i ons rmut ati ons, and various substitute

_ lqb v glttflé’*r}?%tho $io Exeitean ang ofisioims Hed, Segpe cgmpnlsmg
I nve ntc&%\r}é 'atthecotf&w]gpm%h?cl of %ﬁ{l&ﬁ Bagfﬂ'g I}%ctetp% 8%& ﬁ,a;t ali nyent

alternati ways o

@pﬂanmwﬁx%panfem h@ermﬂefsgﬁtﬁrgmﬁﬁkl on. It is therefore
i ntended that the foll owi ng appended cl ai ns be

i nter ﬁ@?@@%@tlcﬁb@aﬁféﬁh@omlthe @gkmi farst airgnmenhgmd

per mut, nd variou ut e _equi Ients as
fall V\/Ielttﬂh % ﬁl% “?eas‘ére‘é BP&?"‘? %fé’ab@egli @r% rlgupent grid
withethé tieordtcdl rN&iéMﬁfhe'oiauGél@iaff% fbSthe etched first alignment grid;

identifying sources of any differences due to critical dimensions being off

target; and

creating a theoretical model of the optical pattern of the second alignment grid

aligned over the etched first alignment grid using the identified sources of any
differences.

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

alignment grid aligned over the etched first alignment grid matches with the
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1. A nmethod, conprising: formng a first patterned
layer with a first alignnent grid; form ng sidewall

wo ag0ams166¥er the first patterned | ayer to perfPCTUS2006/018380
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first shrink; etching the first alignnent grid after
shrink into an etch layer to forman etched first

alliegratiealt moddl of theeaptivalpgttemef tiat deeombalidn@yeRt grid aligned over the
measurj.ng an optical pattern of a second alignnen
gFﬁ%geCLfﬂfsgﬁ‘é%“%%ésﬂ he etched first alignnment grid; and
using the optical pattern to determ ne whether the

second alignnent grid is aligned over the etched first
abi gnn&hé ngttiod, adreciidiEint@y boelaings] Hewhéed thd efchad H}s% alignment
t he

fur_(&her conprising correcting the alignnment until
ot EYPPPHEBt ern of the second alignment grid is

S L

comepter thanghe Widgigt i Ng a theoretical nodel of optical
pattern for the etched first alignnent grid in the
first pegoosd line aybstangiptheparalied té pmdsspasért apakt frome alsaufiisniine to

' t f t tched first, ali t i d,
R DRbREO sl 85 s sinebiayfis Om t ne of chec

first athi@nERRAViHYE oM i |

optical pattern f%%&We%gtilﬁgld%?%f{hgﬁgﬁﬁgﬁllegargglfg?lpﬁmes
i gresiel thon thy widil, cad whereamthe dedohd lipn deerpiRlidudars iid fardl line;
di nensi ons being off target; and creating a

%@gretical nodel of the optical pattern of the second

al i gnrefurtdind sabdtangd t né L ganEnt
grid using tﬁle Si dent i f?,%&[slgl}?gggg‘%&g%a a{rélﬁé?ng%ﬁ%r 1ne.
4. The method as recited in any of clains 1-3, wherein

the usi,ng the optical .pattern to determ ne whether the
ng con Zf}ﬁqpﬁtg%rﬂs refiied in anyeficlrimg lovevherein the Gistepate beween
ahé BRPERL ol . | kNG i easured

optical patt él(rér?e(g)?lﬁ? ng?i%gsﬁtﬁ%ﬁéi@lﬂ‘gﬁoﬁ%ﬂtﬁ%w 16 e prped to
doen thehfersedlghedtnf gricgt al i gnnent grid matches with

t het heoretical nodel of the optical pattern of the
second alignnent grid aligned over the etched first

gl ign 'ﬁ'ﬂgtm&flécﬂ ‘as recited in any of claims 1-6, further comprising:
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.

8. The method, as recited in claim 7, further comprising forming a sidewall layer

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

9. The method, as recited in any of claims 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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5. The nethod, as recited in any of clains 1-4,
wherein the etched first alignnent grid conprises:. a

wo eogoleshe with a | ength and a w dth, wherei nP€TES2006/018380
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length is at least four tinmes greater than the wi dth;
a second line substantially parallel to and spaced
apamprifingm the first line to forma first space

bet ween ﬁpe.fir t line and the second line; a third

I ne widd FPreingehishrafiranss layes fonplueality efdice emgmafirswherein
I td; | r .he wi dth, and wherein
eaH it QP%efp}nggﬁtPr%&‘%?cte%as Bag aialgnpsnttgpg, ;

t he secon s perpendicul irst line;

and a bpforting éidmyallﬂb?é_raﬁifér&hé FrsP Batdrh & lal @ 18 BE-FSRAS Birkt
apart fromthe third line. 6. The nethod,” as recited

|H“HH§ of clainms 1-5, wherein the first space between

the fi | { he. secand, | i.ne | | ess th a Ccb .
e T EP el sl A RS0t BT phFerh R P Bament i
abft@rshEnk 1196 bl etck laybh e MBHRAGcHRS 8 %ﬁéﬁﬂeﬂﬁt RAWr Mch dye of the
clainms 1-6, further conprising: adding a p or esl st

Iﬁl)‘ﬂé%ﬁt?épféiﬁe;t he renoving the patterned | ayer; exposing
r the second alignnent grid

th h i st | ft
e P 805k RS B pSSERRDS, 211 ST
f or m ng) AGiN@EAABEARUARE BRxShe haKer |nto a pal terned

phot oresi st [ayer; and etching features into the etch
| ayer Dimasingthe wafran behotetithplgoiphicsoist | ayer. 8. The
met hod S necit?d in claim7, further conprising

for m n§) SERPIEREericle|ta g dlie of the pluality af diseined

phot or gsi ; I 3 i nt.o.t.he .
Gt ch | TparisuliR B phReEbEEh 6P Ao b F Bh iy e bisenge
THignae vinerdin etched dicsttatignmentaid dffthestapprd td dd; Wher ei n

t he ogéical rocess uses the entire alignnent grid

i nst eald U8 icgkpattgen te detprminerwhather theigcond atigriveat grid is

f ] ' ing a plurality of
gL O BTt AR ARt R ol h SRofelodifed | ayer
for a jphdjustirg tie pﬁotdliﬁﬁg@ﬁhi@ ¥Rkl ¢ Fi84]Daf&Glb fihEsecond
of, the plurality of dice has a first aligniment grid,
kf)hg?’%#eﬁ{)ﬁﬁi i§ialiengsl Qver theestehed fisst aligempitrastd gfer pétheattpped to
I(ﬂé/;er to performa first shrink;

k) exposing the photoresist above the stepped to die;

j) stepping to another die and returning to step h, until all of the dice of the
plurality of dice are stepped to.

11. The method, as recited in claim 10, wherein a deviation from a nominal

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

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

the photoresist layer to form a patterned photoresist layer.

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

sidewall layer over the patterned photoresist layer.

14, The method, as recited in claim 13, further comprising etching features
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c) etching the features forned by the first pattern
| ayer and first alignnent grid after shrink into an
wer@n/obmyer to forman etched first alignment BET/US1006/018380
each dye of the plurality of dice; d) renoving the
mask fromthe patterned |ayer; e) formng a
pHuoeghethe sidevall dayenints thelkechvigfeer ; f) pl aci ng the wafer
in a photolithographic tool; g) stepping a reticle to
a die of the plurality of dice; h) neasuring an
optica n a. S i rid of the
e o Qe a0 U Bl TE P, afftndhe Snfetprgress
t hees sheeqpiecl ali gnneking grid Jnsttal B ed f8 0P Bid AdhmPAL f&I N O
det erm ne whet her the second alignnment grid is aligned
over the etched first alignnent grid of the stepped to
die; j ) adjusting the photolithographic tool until
the optical pattern of the second alignnent grid is
al i gned over the etched first alignment grid after of
the stepped to die; k) exposing the photoresi st above
the stepped to die; | ) stepping to another die and
returning to step h, until all of the dice of the
plurality of dice are stepped to. 11. The nethod, as
recited in claim 10, wherein a deviation froma
nom nal alignnent is fed back to the photolithography
tool to correct for any msalignnments. 12. The met hod,
as recited in any of clains 10-11, further conprising
devel opi ng the photoresist |layer to forma patterned
phot oresi st layer. 13. The nethod, as recited in any
of clains 10-12, further conprising form ng a sidewal |l
| ayer over the patterned photoresist |ayer. 14. The
method, as recited in claim 13, further conprising
et ching featuresthrough the sidewall |ayer into the
etch layer. 15. The nethod, as recited in any of
clainms 11-14, wherein the optical process uses the
entire alignment grid instead of edges of the
al i gnnent gri d.
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