-1 MASKLESS LI THOGRAPHY SYSTEMS AND METHODS UTI LI ZI NG SPATI AL LI GHT
MODULATOR ARRAYS BACKGROUND OF THE I NVENTION Field of the Invention

[ 00011 The present invention relates generally to |ithography. Mre
particularly, the present invention relates to naskless |ithography.

Rel ated Art 100021 Lithography is a process used to create features on the
surface of sUMAMSKABSS LIBHOGRAMB! SVSESMSAND METIHSDS (aserzusgd in the

manuf acture of flat pasPATNISPIGYSMODWLATOR ARAeE yst al di spl ays),
circuit boards, various integrated circuits, and the like. A frequently

used substrate for such applications is a sem conductor wafer or glass
substrate. Wile this descriptionis witten in ternms of a sem conductor
wafer for illustrative pEBACKEROUNNEOBIHEBWENTIONe art woul d recogni ze
that this description also applies to other types of substrates known to
those skilled in the art. [00031 During |ithography, a wafer, which is

di sposed on Fiekhokthe bivegon i s exposed to an i mage projected onto the
surface of the wafer by exposure optics located within a |ithography
-apparatus. Wil e exposure optics are used in the case of photolithography,
a differl@ilt ype Ghe eptpsosturieveatipurreleies gaarabp touditisbgehphendiMigreon t he

particul ar appl.i I Qn. .exanpl e, . x-ra i O el.ectron, or photon

| i t hogr aphy @%@ﬁﬁgghaggﬁégégngmgﬁ%?gFEH{m%%gﬁiﬁpqugﬁbaratus, as i s known
to those skilled in the art. The particul ar exanple of photolithography is
di scussed hefpgf@rad | ustrative purposes only. 100041 The projected image

produces changes in the characteristics of a layer, for exanple
phot or esi st, deposited on the surface of the wafer. These changes

cor 1 espqoshz) 0 ¢ heriRgiahpds BRbRE GdOB! Qedd Ceat?lLbn G LiHAEXROSUT €-

. Subsequent to exposure, the l'ayer can be etched to produce a patterned
layer. The pbsiraes Sushesubsyaiosisan iscludrobeserused ur s npmofactwtecst fant o t he waf er

S;J[)iéggs eXPOFeLdisplis (e BTl EH MRt %ﬁﬁyss,schrcﬁ?ﬂoa?&?gm%o%s "iStoEd OF further
circuits, and the like. A frequently used substrate for such applications is a
semiconductor wafer or glass substrate. While this description is written in
terms of a semiconductor wafer for illustrative purposes, one skilled in the art
would recognize that this description also applies to other types of substrates
known te those skilled in the art.

{00'03-] During lithography, a wafer, which is disposed on a wafer stage, is
exposed to an image prdjected onto the surface of the wafer by exposure
optics located within a lithography apparatus. While exposure optics are used
in the case of photolithography, a different type of exposure apparatus can be
used depending on the particular application. For example, x-ray, ion,
electron, or photon lithography each can require a different exposure
apparatus, as is known to those skilled in the art. The particular example of
photolithography is discussed here for illustrative purposes only.

10004} The projected image produces changes in the characteristics of a layer,
for example photoresist, deposited on the surface of the wafer. These changes
correspond to the features projected onto the wafer during exposure.
Subsequent to exposure, the layer can be etched to produce a patterned layer.

The pattern corresponds to those features projected onto the wafer during

exposure. This patterned layer is then used to remove or further process




-2- exposed portions of underlying structural layers within the wafer, such-
as conductive, sem conductive, or insulative layers. This process is then
repeated, together with other steps, until the desired features have been
formed on the surface, or in various |layers, of the wafer. [0005]

St ep- and- scan technol ogy works in conjunction with a projection optics
systemthat has a narrow i magi ng slot. Rather than expose the entire wafer
at one time, individual fields are sq?qned onto the wafer one at a tinme.
This is acconplished by noving the wafer and reticle sinultaneously such
that the imaging slot is noved across the field during the scan. The wafer

stage nust t e asynchronously st ed between field exposures to allow
mul tiple copi eg)QSg? l%oﬁne&ﬁrs eo'? i“él?%dj fhé"rcﬁf"@olabeés 24Bosba wAfer setheasiaf er
surface.” | n dobiwtingnseeticonthiveuat iihduiive tBgerd, MBBIGs RGIEC i€ dnaNt 0 the wafer
is maxi m zed. Conventional |ithographic systens and net hods form

00Q6 [ .
i mges on a ré?ﬂegot}imwm\ﬁﬁeéﬁwq Atil dhesdesipgdt foatireslavy bpnsformdd t hogr aphi ¢

chanber that dn&hcgi@ﬁgeg@ggvragoﬁq;geg’gﬂﬁgwgﬁgar atus that perforns the process
of image formation on the sem conductor wafer. The chanber can be desi gned

to have WPPSler ent Steyaand:seapt teelnslagydwgrkadios canfunetau withde peojditivg on t he
wavel engt h of  Li ks reti LS. posi tioned.insjde the
chanber. A beogﬁ%if%ﬁefngﬁﬁ%t q?gu%%ggxgﬁxgaﬁng%ognkmh U EPOSH S 58H%e (1 ocat ed
out si de the syaftretrpne timelndividnal fefilsiaonscamyed torl®) thaWwafeBaECatQUithé.Nne on t he
reticle, andqa.second tical system Dbefore jniteracting with a

sem conductorﬁﬁﬁé?%c?mfjﬁ%ﬁélfywo E?kﬁlwatf?aﬁ rehgespplancously sudhihited t o
fabricate a devincgingmid iemossdostdsatie. field @@ng @6 ksth e THAWRLfREERRT NY

i ncreasingly coitl nd ti consum ng, to manufacture due to the feature
si zes and t h& 8% Ry B rrlipaeHsls stepregubstween; Spldsprppsuresesn ablewsi zes. Al so,

a reticle camubiplycdpiesbf et rb@le patehl fodexpded bd tiwdi & R&f ghe being worn
out. Further costs are routinely incurred if a reticle is not within a
‘certain tol eftdhrannst thgwalityof thedmaga raojeeiediontate afer umaximized nanuf act ure of

waf ers yeaowy I et i Chienhichal BERZMC |sHHERAIhD Hhothod MWem BRSsHs BlY , PY Ohi bi tivel y

expensi ve.

semiconductor wafer. The system typically has a lithographic chamber that is
designed to contain an apparatus that performs the process of image formation
on the semiconductor wafer, The chamber can be designed to have different
gas mixtures and grades of vacuum depending on the wavelength of light
being used. A reticle is positioned inside the chamber. A beam of Light is
passed from an illumination source (located outside the system) through an
optical system, an image outline on the reticle, and a second optical system
before interacting with a semiconductor wafer.

[0007} A plurality of reticles are required to fabricate a device on the
substrate.  These reticles are .becoming increasingly costly and time
consuming to manufacture due to the feature sizes and the exacting tolerances
required for small feature sizes. Also, a reticle can only be used for a certain
period of time before being worn out. Further costs are routinely incurred if a
reticle is not within a certain tolerance or when the reticle is damaged. Thus,
the manufacture of wafers using reticles is becoming increasingly, and
possibly prohibitively expensive.

[00068] In order to overcome these drawbacks, maskless (e.g., direct write,

| digital, etc.) lithography systems have been developed. The maskless system




[0008] In order to overcone these drawbacks, maskless (e.g., direct wite,
digital, etc.) lithography systens have been devel oped. The maskl ess system
-3- replaces a reticle with a spatial |ight nodulator (SLM (e.g., a
digital mcromrro r device (DVD), a liquid crystal display (LCD), or the
like). The SLMincludes an array of active areas (e.g., mrrors or

transm ssive areas) that are either ON or OFF to forma desired pattern. A
predeterm ned and previously stored_gl.gorithm based on a desired exposure
pattern is used to turn ON and OFF the active areas. [0009] Conventi onal
SLM based witing systens (e.g., Mcronic's Sigma 7000 series tools) use
one SLM as th tern,. rat or. .. To,.achi e i i, dth and. |ine placenent
speci ficati onlge?ﬂgésag @%%?ﬁ%éhaiasw&géd]@ﬁo?oﬁﬁ fogﬁ%/é?-g-: dgr digitalcal i ng i s

achi eved by cmivromirdot deyicd (DMID), hiliqghidangtae disflag (LCDY, 6f ARIkeSIMe O

pol ari zati on %Irr}gl.e ‘g %h LC%). _For digital SLMs (e.g., TI' DAM, gray
scaling is achreved ‘%ﬁ R < FEES Ee28 L6 Bor MGG TS dransipigsive aress) thafch pass or

pul se the piateleittan ONe of VHRIC he dorgi b ek ﬂ'@&’e? ' the |evel of
gray desired. Because of the total ﬁlﬁﬁ%eﬁgg str%?ﬁer{}tgo&@e printed,
the spaci ng Hetiousshstered plgenthmedased op jgelesifediergpsw peitahis ywed ®esm and t he
nmovenment of tiQ apdOPPHALRve sENEr 2l passes of the substrate are required to
expose all desired areas. This results in |ow throughput (nunber of pixels

packed | WO®lan i K@nvintiozdl Ypdibesed wiitgl systemsnifeg., dficrogiesasighasses required
over the sub ) I.NCr d i to fabricate. devjces. Furthernore,

usi ng only oﬁfgbéﬁﬁes lt'oé%([q& F%ee%gleﬁoiﬁlgwﬁﬁﬁﬁgmﬁnﬁr?t%t fehigss inexidfBsure time to
i ncrease gr aynd diak elacerhbnt spedficatiaa giag suiling Gepiah| Yorl Mok eytals of

t hroughput. [0Q10].. Ther ef.or what .is needed is a maskl ess |ithography
syst em and rggasfhsg “lgﬁﬁflaﬂg'ﬁgwﬁﬁrg@ngﬁglmlg%w atele fehsMisronic StMdt rate for

each patt ern odpolarigationningleqBQ., ILTH. Ofor aligADSLIAL @.g, JIMARY Gy THE | NVENTI ON
[0011] The present iHiven i on provides a naskl ess |'Ithography system The
system can i e 8L ashieysd Ry RURierqus Aassss of Bwisesawhesn fas egch pegsaaripalse | i ght

modul at ors  the pixel can be switched either ON or OFF depending on the level of gray

desired. Because of the total area on the substrate to be printed, the spacing
between active areas, the timing of light pulses, and the movement of the
substrate, several passes of the substrate are required to expose all desired
arcas. This results in low throughput (number of pixels packed into an
“individual optical field / number of repeat passes required over the substrate)
and increased time to fabricate devices. Furthermore, using only one SLM

requires more pulses of light or more exposure time to increase gray scale.

This can lead to unacceptably low levels of throughput.
[6010] Therefore, what is needed is a maskless lithography system and
method that can expose all desired areas on a substrate for each pattern during

only one pass of a substrate.

SUMMARY OF THE INVENTION

[0011] The present invention provides a maskless lithography system. The
system can include an illumination system, an object, spatial light modulators
(SLMs), and 2 controller. The SLMs can pattern light from the illumination
system before the object receives the light. The SLMs can include a leadiﬁg




(SLMs), and a controller. The SLMs can pattern light fromthe illum nation
system before the object receives the light. The SLMs can include a | eading
-4- set and a trailing set of the SLMs. The SLMs in the | eading and
trailing sets- change based on a scanning direction of the object. The
controller can generate control signals to the SLMs based on at |east one
of light pulse period information, physical |ayout information about the
SLMs, and scanni ng speed of the obj e_(ﬁt_. [0012] O her enbodi nents of the
present invention provide a nethod for controlling dose in naskl ess

|'i t hography: The nmethod includes neasuring a dose delivered in each pul se
in a series of pu‘ises, from L@F{B calculating a dose error based on the
measuring st eps 2@ %\F@‘JFP&F’?‘I‘??I‘ Vs eLhe $rMp Mothe faading aubBailingstd on t he dose
error, and apglabéBaded onC sk j ; e ' i.nal set of
SLMs. [0013] Sti%l other_enb%%?%gﬁﬁgugé%?ﬁggSgggén?ﬁ%E%gwﬁﬁgﬁgﬁnclude a

met hod for c&Wemts qoptagl sigpals tg the Fhdlebased ohiat lewst praepifVightubse pedidiod i ncl udes
measuri ng an et ensi | eadi set, of SLMs, subtracting
t he measur ed m;f%g@’k%%lo%@?%ﬁe é‘ﬁg?? %’oﬁlg%e\% usem}doscaglf{@rsgﬁélsan error

si gnal , del ayelithe ¢thest. error signal, addi ng the del ayed signal another

pr edet er val to ner at e control signal, .and using the control

si gnal t[)B oggﬂt r ol o%reer?l%g‘fﬂw&% of g]el PIRE Stvegongprrgde [aO'@ﬁtE]"?If?frt her

enbodi ment s, doaablling dosedin tnBrINANItBERHHOS T endHRSENMdes MG QNS, as wel |
as the structuyre énd peQ%%jgg of the various enbodi ments of the present

i nvention, SREEL 0 2 HEeHf fileas frast sbMscerlquintinga

acconpanyi ng dbs@wiriIBascB6h e RHERERhP oA uilids DRAWNGS! FLGRES [0015] The
acconpanyi ng draw ngs, which are incorporated herein and forma part of

t he speci fi catoPobesed pn the dpserearor. 1pad ppriviamtheicaeationad hlankel doseogimgher with the
description, fadihesrsouye to explain the principles of the invention and

to enable a person skilled in the pertinent art to nmake and use the
i nvent i 9013} Still other embodiments of the present invention include a method for

controlling dose in maskless lithography. The method includes measuring an
intensity of a dose from a leading set of SLMs, subtracting the measured
intensity from a predetermined value to generate an error signal, delaying the
error signal, adding the delayed signal another predetermined value to
generate a control signal, and using the control signal to control dose from a
trailing set of SLMs.

[0014] Fu_rfher embodiments, features, and advantages of the present
inventions, as well as the structure and operation of the various embodiments
of the present invention, are described in detail below with reference 1o the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

- [0015} The accompanying drawings, which are incorporated herein and form a
part of the specification, illustrate the present invention an&, together with the
description, further serve to explain the principles of the invention and to
enable a person skilled in the pertinent art to make and use the invention.

[0016] FIG. 1 shows a maskless lithography system having reflective spatial

light modulators according to embodiments of the present invention




[0016] FIG 1 shows a naskiess |ithography system having reflective spati al
| i ght nodul ators according to enbodi nents of the present invention -5-
[00171 FIG 2 shows a naskless |ithography system having transm ssion
spatial |ight nodul ators according to enbodi nents of the present invention.
[00181 FIG 3 shows a spatial |ight nodul ator according to an enbodi nent of
the present invention. [0019] FIG 4 shows nore details of the spatial
light nmodulator in FIG 3. [0020] FI.GS 5, 6, 7, 8 9, and 10 show

t wo- di nensi onal arrays of spatial light nodulators according to various
enbodi ments of the present invention. [0021] FIG 11 shows an exposure

di agr am figgy7pequengrizal e 110 fragm an illum nation source
accor di ng topvar_i ous ezngﬁé%‘ﬁ%n%rﬁgssklg#s F%lggraﬁgsgﬁgm PAVRK Fegsmisfign22] FI G 12
i s a system 1g@baltlight moduietas atconlingto smbetitéms ofé hREdmt Invedtph, @ multiple

SLM patt ener at-0 rra according to an enbodi nent of the present
i nvent i oﬁwingB] af;lépés@%‘rsi%lgpﬁmﬁﬁ g or desnding fancemhedimesait e cor ding to
enbodi nent s  thé ptehemt pives@At | nvention. [0024] FIGS. 14 and 15 show

t wo- di nepsignal arrays of spatial |ight nodulators according to various
enbodi rreﬂ@!ﬁof thgrlgr‘g%}’é?ﬁf‘ moffAstrils ohthe ppoizblichTmedyatesiafiGi hventi on wi | | now

be descrjdogl W th Hi&§ 8 £nCe 4 And I shod e[rﬁgrlﬁ%gs}orﬁgl aq#ag%\%{]ﬁ%g%ﬂllhn t he draw ngs,

li ke reference nunbers may indicate i or simlar
el enents. Addnduiriess pepordirigdo varfans mobedimentgof thspreahit mvemiogr ence number nay

i denti f yrob dr awipgg 4 bl ference numher first appears. DETAI LED
DESCRI P Oi\llﬂ OF _THE?tIg&EW%B’@%%%WPM“WIP@E%@% o%®onfi gur ati ons
and arr angen@nt dluminstiod sewss ediorditg ishatibit babAIEES 0@l tfa@tyt hi s is done

for illustratjiye.purposes only. A person skilled in the pertinent art will
recogni ze that other configurations and
[0022] FIG. 12 is a system 1200 that can control dose and/or uniformity for a
multiple SLM pattern generation array, according to an embodiment of the
present invention.
[0023] FIG. 13 is a flow chart depicting a method according to embodiments
of the present invention.
[0024) FIGS. 14 and 15 show two-dimensional arrays of spatial light

modulators according to various embodiments of the present invention.

[0025] The present invention will now be described with reference to the
accompanying drawings. In the drawings, like reference numbers may
indicate identical or functionally similar elements. Additionally, the left-most

digit(s) of a reference number may identify the drawing in which the reference

number first appears.

DETAILED DESCRIPTION OF THE INVENTION
Overview

[0026] While specific configurations and arrangements are discussed, it
should be understood that this is done for illustrative purposes only. A person
skilled in the pertinent art will recognize that other configurations and

arrangements can be used without departing from the spirit and scope of the




arrangenments can be used without departing fromthe spirit and scope of the
-6- present invention. It will be apparent to a person skilled in the
pertinent art .that this invention can also be enployed in a variety of

ot her applications. [0027] An enbodi nent of the present invention utilizes

an array of SLMs in a maskless |I|ithography systemin order to allow for
mul tiple exposures to the sanme area on an object surface during each
scanni ng pass. Using the array of SL can increase throughput and | ower

costs conpared to conventional naskl€ss systens using only one SLM
[0028] By integrating nmultiple SLMs into one nechani cal assenbly, a field
replaceable unit can be made. This unit could integrate nechani cal and

t her mal st abi PPt XGEPR herapparent f0 agrersgn skilied Findk pertinent 2l ect ri cal
connect i ons. @tithie irRtRBh OIS he drdfibydd gy et f'%ﬁ‘ﬁ ion@Nd processors,
could also be integrated into asésngmnb}lléngO_‘é, egidt?%glre g“%ﬁ%ksi de or in the
enpty spH¥%7bn a Atombodimeat off theypreesubinyerBion ntilites ki ersay dfiSIMxginaphy Syst ens
[0029] FIG 1,shus; kl I t I st 100 according to an
enbodi ment of the prltgg%%t I§iS v%‘ﬁtl%]é)g&ggg@e(vm%%dﬁﬁgﬂﬁIeﬁ%"éﬁﬁo el ummi nati on
syst em 102 t hrame arcaos @i bhjettisgiscetdaring ehlsemhing @assp dsinglthé hgfitosmodul at or 104
(e.g, adi gi§[%s rcn cr%rn‘i,rr r davitce (DI%/FDI), a reflective liquid crystal

di spl ay (LCD)" " of™} & pio Ryoupmpt angd dawets fsts: Gomtpared o Sventionapt i cs 108.
SLM 104 i s usedkles sypahd @ing dnbeoreisgM. i n place of a reticle in traditional
l'i thogr systens..  Patterned |ight reflected from SLM 104 is passed

t hr ougha@E%% spl i gg’ apicgraipe QH’&PlﬁrSﬁ\é%H%ﬁﬂ%ﬁl@?&?@cail@smw fielden on an

obj ect 112 ( @efaceable BkidThh ¥eCmade. THA GRNEHES B i substrate
for a flat panel diggil,ay, or the |ike). [0030?{?#&%??8%%5%§%reci ated t hat
i 11 uni nati on R550#c stability, prookieg schanngls; Hiweee ighy whanmalsi ond sylséteenl 102, as i s
known in the chele@¥AR! Tve: elddirohiSs, AhaRuib® Wihe, FRRIEE! A1STodaaL, SLM opti cs
108 and projection optics e110‘ ca?iq#lncﬁtj%e ar%’/ cé)%iaﬁgtpggcﬁs%fs’opti cal

el enent s r eq@PHédlsp dedintegrated| intghassamhly 56@ séithedorar dasksife orSnMhd 04 and/ or

obj ect 112, @5phSpkRaoNa aof idloraleibfMooar t -

Maskless Lithography Systems

[6029] FI1G. 1 shows a maskless lithography system 100 according to an
embodiment of the present invention. System 100 includes an illumination
system 102 that transmits light to a reflective spatial light modulator 104 (e.g.,
a digital micromitror device (DMD), a reflective liquid crystal display (LCD),
or the like) via a beam splitter 106 and SLM optics 108. SLM 104 is used to
pattern the light in place of a reticle in traditional lithography systems.
Patterned light reflected from SLM 104 is passed through beam splitter 106
and projection optics 110 and written on an object 112 (e.g., a substrate, a
semiconductor wafer, a glass substrate for a flat panel display, or the like).

[0030] It is to be appreciated that illumination optics can be housed within
illumination system 102, as is known in the relevant art. It is also to be
appreciated that SLM optics 108 and projection optics 110 can include any
combination of optical elements required to direct light onto desired areas of

SILM 104 and/or object 112, as is known in the relevant art.




-7- [00311 In alternative enbodi nents, either one or both of illumnation
system 102 and SLM 104 can be coupled to or have integral controllers 114
and 116, respectively. Controller 114 can be used to adjust illum nation
source 102 based on feedback from system 100 or to performcalibration.
Controller 116 can also be used for adjustnment and/or calibration.
Alternatively, controller 116 can be used for turning ON and OFF active
devices (e.g., pixels, mrrors, Iocq%Lpns, etc.) 302 (see FIG 3) on SLM
104, as was described above, to generate a pattern.used to expose object
112. Controller 116 can either have integral storage or be coupled to a

st or age b@_ﬁ‘gnt (not shown t.h redeterm ned i nformation and/or
al gorithﬂs ed to}%g%ﬁng Vﬁ?g giheT ge onboth g Jaminatigssystem G 2 shows a

maskl ess I|thm@za’pﬂﬁlmyedem%%ulﬂﬁd:@rdi'hﬂ%&&F{%lédiﬁﬂc)ﬂ&’éIIA?EHEIOHBWEM of the
present invention Sﬁstem 200 includes an illum nation source 202 that

transnits |i gFPEHYSgICoaaller13h gany be gsed tg adiushBhimimitior soER; 10:br the |ike)
to pattern thgaskd smeed%ta@ &Bﬁts&a&ﬂqgo bi Qgﬁerﬂ)ﬁn EJH%Pa% LGy lfér

projection optics 210 to wité t rn on ace ﬁ obj ect 212.
In this enbotAnain be Gemfaromtusinent Bmﬁmsambraﬁme su&mamqh caﬂroaexl i qui d

crystal displpy above, either one or both of

i I1unination soucragg,% é%ef é‘m‘ﬁ@ﬁ can CBVB 5T EBARXLS Mg r al  wi t h
control | ers Zodatmng] 216302 (sesﬁﬂ%:t:%)vmﬂ SLMOR, w9 lwaerdsscibdd anie 246 can perform
simlar funct%egns as_.contr {I er 114, descr bed above, and as known

inthe art 55 ae?fgﬁlﬁillg ONEPPSS Je@aﬂ“b Qpaeler Hosor edlig hago or 200 are
manuf act ur ed ibtegil (Bt@ﬁgeCoﬂ_&sechuﬁy&&ttens sBaief el%l/h%ﬁ'te o@nﬂoﬁﬁ Wr?i‘)f er
Institute for %%@l% Systens of Cermany. 4] Mer €l y

conveni ence, THaligR angiefcalgpitmy Bseéﬁgtgemratedw peétEver However, al |
concepts di sqiasa@sl bel ow can al so apply to system 200, as would be known

to somao&g %kl lled in the relevant arts. [0035] FIG 3 shows details of an
active al¥®31300 ofT& b P83 2 maghlesy dithggraphy e 306lzombedingity oty of active

devices 302 (enfRURRANbEHMe PesdRlihRbuAAT S§kde 2b8 includes an illumination
source 202 that transmits light through a SLM 204 (e.g., 2 transmissive LCD,
or the like) to pattern the light. The patterned light is transmitted through
projection optics 210 to write the pattern on a surface of an object 212. In this
embodiment, SLM 204 is a transmissive SLM, such as a liquid crystal display,
or the like. Similar to above, either one or both of illumination source 202 and
SLM 204 can be coupled to or integral with controllers 214 and 216,
respectively.  Controllers 214 and 216 can perform similar functions as
controller 114 and 116 described above, and as known in the art.

[0033] Example SLMs that can be used in systems 100 or 200 are
manufactured by Micronic Laser Systems AB of Sweden and Fraunhofer
Institute for Circuits and Systems of Germany.

[0034] Merely for convenience, reference will be made only to system 100
below. However, all concepts discussed below can also apply to system 200,
as would be known to someone skilled in the relevant atts.

[0035] FIG. 3 shows details of an active area 300 of SLM 104. Active arca
300 includes an array of active devices 302 (represented by dotted patterns in
the figure). Active devices 302 can be mirrors on a DMD or locations on a

LCD. Tt is to be appreciated that active devices 302 can also be referred to as




the figure). Active devices 302 can be mrrors on a DVD or |ocations on a
LCD. It is to be appreciated that active devices 302 can also be referred
to as pixels, as is known in the relevant art. By adjusting the physical
characteristics of active devices 302, they can be seen as being either ON
or OFF. Digital or analog input signals based on a desired pattern are
used to turn ON and OFF various active devices 302. In sone enbodi nents,
an actual pattern being witten to oq;ect 112 can be detected and a
determ nation can he nade whether the pattern is outside an acceptable
tolerance. If so, controller 116 can be used to generate anal og or digital
control signals %n real time to.  fine-tune (e.g., calibrate, adjust, etc.)

the pattern bBPRG Fenkr BB Y e Melyat poo3dy pdicsting Sopkysical t her detai | s
of SLM 104. ~Stidcicldisearoriab@lolifteicalisod Rilchy b BRE2GLRY#RP oMLY 0undi ng
enbo

active area 300. Also, in alternative iments, a maln controller 402

can be coupl ef¥Fo Ligitad ospmalen imprisigrals basadson o desimd pattermad wehtar ol an arr ay
of SLMs (see g} I 1 : . i ssed bel ow,. adj acent SLMs may be
Qﬂn?@ﬂsﬁh@?’ﬁ%hmw&sdevﬂeac grt% eelmgm%l{lﬁgt!;, a0 36

of fset or staggered with respect to r ment s.

Spati al Li ght padstaubeitteorrittenrta gbi@arifl 2 garr et deteoted pD3 ddterifatio® calwws an

assenbly 500 | nel udi a suppart device 502 that receives an array of SLMs

104. In vari O{I}E& eeﬁ%%@%r“%rﬁ%%di" & A1 BEaPtRhle fRlsranceq Lk 5o ponelign, t he array

of SLMs 104 chit dwavte usad W goentindalbog o@fdigal ems) sigladWe resdlds R’ col um,

SLMs per row,.etc. baseﬂ)ro nunber. of desired exposures (gﬁr pul se, or
4P

n a. .
ot her criteri P Fg{cgs&pl é\‘Fl’eaﬁﬁﬁ‘i\/ﬁt"' &% paligin Being gpstated by SEMal @uppor t  devi ce

502. Supess] devi qeG5H e fuRBMaIetdNS BN 0. ' 9 MAT08ASn 1RPkeGg 9- - Water or
air channels,, etc.), areas for control logic and related <circuitry (e.g.,

see FIG 4 sHBiNG Perkerpat 00 15bonmtnge petrerarcaadl,  Wiioctin eliematye ASI Cs, A/ D
converters, DLintho@RABAR! h &faSh cddtdfér ﬁﬂﬁtdaﬁ%efc&gpslé{ {?ee?(gﬂ §EMdt?o§1§§rl_%§t c.), and
a

w ndows 506 (formed within the dashed shape recei ve 104, as is
known i n t he ¥é|tavagnitoppnd caepen tarrde of SEME0Ese BhdubsidO¥glowand Aal |

peri pheral coglchgs 8ok O gavl re-referr 0.4s _an assenbly.
Assenbly 500 cgn al | 0\(/)v T%?Jécght esl %grgivsbt%eogfsgtl %reswtgggrf)&ro d&PFH%desi r ed
stitching each other in other embodiments.

Spatial Light Modulator Array Configurations

[0037} FIG. 5 shows an assembly 500 including a support device 502 that
receives an array of SLMs 104. In various embodiments, as described in more
detail below, the array of SLMs 104 can have varying numbers of columns,
rows, SLMs per column, SLMs per row, efc., based on a number of desired
exposures per pulse, or other criteria of a user. The SLMs 104 can be coupled
to a support device 502. Support device 502 can have thermal control areas
504 (e.g., water or air channels, etc.), areas for control logic and related
circuitry (e.g., see FIG. 4 showing elements 116 and element 402, which can
be ASICs, A/D converters, D/A converters, fiber optics for streaming data,
etc.), and windows 506 (formed within the dashed shapes) that reccive SLMs
104, as is known in the relevant art. Support device 502, SLMs 104, and all
peripheral cooling or control devices are referred to as an assembly.
Assembly 500 can allow for a desired step size to produce the desired stitching

(e.g., connecting of adjacent elements of features on object 112) and overlap




(e.g., connecting of adjacent elenments of features on object 112) and
overlap 9 for leading and trailing SLMs 104. By way of exanple, support
device 502 can be 250 nmx 250 nm (12 in x 12 in) or 300 nmx 300mm (10 in
x 10 in). Support device 502 can be used for thermal managenent based on
being manufactured froma tenperature stable material. 100381 Support

devi ce 502 can be utilized as a nechani cal backbone to ensure spacing
control of SLMs 104 and for enbedding the circuitry and the thermnal
controls areas 504. Any el ectronics c&T be nounted on either or both of a
backsi de and front side of support device 502. For exanple, when using
anal og based SL el ectronics, wires can be coupled fromcontrol or
coupl i ng syst aﬁmam é tging 5 Mer Bids %OWayBésvea(hpdellq@bﬂg!ewmeed on support

device 502, thgse Mb %”P v hor t h reduces
attenuation of anal E)Igés?g g( %%Jrr}gyr ego")[/m:6 §'go ]@"Pﬁé 0@y cui try is
remote from tﬁ@?ogﬁpmtmﬁemd)e SR forAlhsitnal hedb@enenl Bded ldneagoet ween the

circuitry and, reas 300 can j.ncrease conmunication spéed, and thus
i ncrease pattern readé?Jsf‘iFéli‘ﬂ étﬂi’IFH‘aFeé‘éi tinme. [0039] In sone

enbodi mef038] when S‘ier&Mcersozb@aiemuﬁaéd ARLRMidMbAcBoncd) k! Y vear out,
assenbly 500 can eang%ftbe re Iaced Al t hough it wou appear repl aci ng
assenbl y 500 JPECIRFRehefiiMy Lf%‘tmﬁ?eé‘ﬂiﬂbﬁl@mra@%m the tig@Bal it is in

fact easier angtélyiafdse504. 0 ALERIBEEidNEn Pat S ich can save
production cqsts. Also asseﬁbl y 50(5@’ caﬁlﬂabrg&?lt &b%h Q%IIOE% ng for a
reduction i n%‘é‘ﬁ? @idefiont puder of Rippem dicuiserss2.afe wakﬂplmgvﬂeﬂ usisg T ef ur bi shed

assenbl i es S%alogm@d@ﬁgggk %Q&n&ss “;l%glc%%dawlrﬁ%it vog%lcfnlﬂ%?tl on of the an

overall alignnment is nee ore fesumng $Bne exanpl es,
ki nemati c no§avRing Srwoé@e@twaarewmsﬂdsdd@naaleing\m&uﬁfedbﬂmbﬁm e

TEE e o S Sl I SRS 11 1
6, 7; 8, 9, amlog.@lgsfﬂmmrhmmbn:ea emowuére Ry e@clﬁli'y Wffiote kM the pat terned
by a secti Onsﬁgpoﬂrheé%%@’ rﬁl%o hl-\tlnlilgs short (lenkfs Ib tleﬁregr? thser(]:?r\t,:\{utrll'g\{a\{l& Qc%ve
areas 300 can increase communication speed, and thus increase pattern
readjustment speed in real time.
[0039] In some embodiments, when SLM 104 or electrical devices in the
circuitry wear out, assembly 500 can easily be replaced. Although it would
appear replacing assembly 500 is more costly than just a chip on assembly
500, it is in fact easier and quicker to replace the entire assembly 500, which
can save production costs. Also, assembly 500 can be refurbished, allowing
for a reduction in replacement parts if end users are willing to use refurbished
assemblies 500. Once assembly 500 is replaced, only verification of the an
overall alignment is needed before resuming fabrication. In some examples,
kinematic mounting techniques can be used to allow for repeatable mechanical
alignments of assembly 500 during feld replacements. This may eliminate a
need for any optical adjustment of assembly 500.
[0040] FIGS. 6,7, 8,9, and 10 show how one exposure area of object 112 is
patterned by a section of an SLM array. Thus, the figures show how the

section of the SLM array wﬂl look from the perspectwe of the one exposure
atea of object 112.




section of the SLMarray will |look fromthe perspective of the one exposure
area of object 112. 10 [00411 FIGS. 6 and 7 show alternative enbodi nents
for how sections 650 and 750 of an array of SLMs 104 will fall within
exposure areas 660 and 760, respectively. Sections 650 and 750 both

i nclude four colums having two equivalent SLMs 104 each. Thus, sections
650 and 750 i nclude eight equivalent SLMs 104. SLMs 104 in one colum can
be staggered with respect to SLMs 104 in adjacent colums. Each colum is
spaced a width of one-half an acti vellirea 300 apart. [0042] In one

exanpl e, active area 300 can be 4.8 nmx 30 mm and each active device 302
can be an%Fﬁ 6 mx_6m _This can produce about 150x magnification. In this
exanpl e, hn entiP8 63 71shewialfemapivigembodimgalp fordiow se¢tiong 650 46196 acti ve

devi ces 302 xqst0hnatial ot IR 565 WAPEY WA BBRGEI 90 830 0F 76420 can be

about 797 m x 240 m and each exposure area ‘about 120 mm
x 36 nm [ 0048§pestivelyhi Sectismmnilegnd: Fidr loth snchide Wburacolunths' liavingt 9@ Si ze bet ween

| i ght pul ses S I and .gbout 34 st ep_between exposure

peri ods at anqu{t‘;ja%(l:ttg D a?ndel{.ee J e “s’li?gﬁnﬁggaﬁévﬁ?g udg n¢ielxi mat el y 128
mi sec in a diquialertGLMOf04aSLMY 104 ifordabRmkehk BSageafed wikdbQectPul se rate of
illumnnation. s eio%an e around 4 kHz. Wth these paraneters, an

expect ed thr&ﬂg%t  hrcey og - Bach goiugpds gueedwwidtdy ofme-belin be

possi bl e. Thus activie 2842 30Dkeef ' S speed was about one active area width
travel ecdylpaﬁr | i ght pul se, each_exposure area 660 and 760 would receive two
pul ses lght ~dliy Prgeremele. aetivs aser 3Wccapibeohl sum x1¥Pmnf @@UdichFI G 8 shows

anot her enmbodkdRNeviel 380 A bAY¥bof 6 §lr114(§% S é@g PRy %%]Qprgdlllc%ea%&izt%{)}% 50 writing to

exposure an area 860. Section 850 i erg ol'umms having four SLMs
104 each. Thipggnifisionodn §59erample dean GeireSEING 104G bk Manddgdixtls one col um

can be SLPI9R e LiISRIREL s RhNacdheliles 9 G G 43 Fach col um

is spaced a Wi dth of one-halt an active area
758 can be about 797 um x 240 pm and each exposure area 660 or 760 can be

about 120 mm x 36 mm.

[0043] In this example, there is about a 4.8 nm step size between light pulses
at a SLM plane and about a 34 um step between exposure periods at an object
plane. Object 112 can be moving at approximately 128 mm/sec in a direction
of atrow A. A data refresh rate and/or pulse rate of illumination source can be
around 4 kHz. With these parameters, an expected throughput of up to about 5
wafers per hour (wph) can be possible. Thus, if an object’s speed was about
one active area width traveled per light pulse, each exposure area 660 and 760
would receive two puises of light during each scan period of object 112.

- [0044] FIG. 8 shows another embodiment of an array of SLMs 104 having a
section 850 writing to exposure an area 860. Section 850 includes eight
columns having four SLMs 104 each. Thus, section 850 includes 32 SLMs
104. SLMs 104 in one column can be staggered with respect to SLMs 104 in
adjacent columns. Each column is spaced a width of one-half an active arca
300 apart.

[0045] In one example, active area 300 can be about 8.192 mm x 32,768 mm
and each active device 302 can be about 6 um x 6 pm. This can produce about
400x magnification. In this example, if an entire SLM 104 is about 1
megapixel {e.g., 204.18 active devices 302 x 512 active devices 302). each




[ 0045] In one exanple, active area 300 can be about 8.192 mm x 32. 768 nm
and each active device 302 can be about 6 pmx 6 m This can produce about
400x magnification. In this exanple, if an entire SLM 104 is about 1
megapi xel (e.g., 2048 active devices 302 x 512 active devices 302). each
-11- section 850 can be about 567.5 gm x 344 m and each exposure area 860
can be about 227 mmx 137.2 nm (0046] In this exanple, there is about a
16.4 mm step size between |ight pulsgﬁ at a SLM pl ane and about a 43.52 pm
step between exposure periods at an bbject plane. Object 112 can be noving
at approximately 40.96 nmsec in a direction of arrow B. A data refresh
rate and/or pulse rate of illumnation source can be around | kHz. Wth

t hese par amet &°cHon &3 a0 b aba STt Bughifdinm ed eash exposiroatea 86@ camph can be

possi bl e. Thugs ago(,tmngpjxqgﬁﬁﬁpeed was about two active area w dths
travel ed &ﬁrﬂ | i ght pul se, each exposure area 860 would receive two pul ses

of lightl ng edohhisoxampler thewt sfaboltj £d6.41hh stbm size bemlebelight | ve exanpl e,
if an object's, S Qut _.on jve ar width traveled per |ight
pul se, each e 6%§§?£8§? A Bt ﬁ%ﬁfﬁgﬁé%@P3§p$%@?mbﬂﬁ?§§eE?Wdfﬂght duri ng
each scan peramabjet platy. eBliject 122 canQR4dvirgl Bapitoshaiety ANt hgSseembodi nent  of
an array of SL%@_ §04 Eavi n% sectjon 950 witing to an exposure area 960.
Section 950 ihEYTUHER O5A%OR ghﬁfgar etluFata Yy meeRE P HmIRYIoBhr ee or four
SLMs 104. Thusurcesi b®aroRall kjmcmﬂlﬁﬁesé%a%rs}%expgkﬂé@&ﬂ'ﬁ%ﬁ one col um
unns.

can be staggered with respect to SLMs 104 in adjacent co Each col um
i s spaced one®fiPdp RbousH-2ovieh erathe\pessible AThapdf en obiesspeadrwasrabowx anpl e,

active area 308 ik 46 N rafkider WhohuRe. LB8 e AN sERGHyACt | Ve device

302 can be about 6 mx 6 pm This cal produce about X" magni fication. In
thi s exanpl e reseiveaivoepitlios of g dwingi enchlscant periodnafgdypick @12.(dngn, 2048 active

0oy oo MASRASELLF gk £RU SRR wdSoflePRgho 567 o
traveled per light pulse, each exposure area 860 would receive four pulses of
light during each scan period of object 112,

[0047} FIG. 9 shows another embodiment of an array of SLMs 104 having a
section 950 writing t0 an exposure area 960. Section 950 includes six columns
alternating between having three or four SLMs 104. Thus, section 950
includes 14 SLMs 104. SLMs 104 in one column can be staggered with
respect to SLMs 104 in adjacent columns. Each column is spaced one width
of one active area apart.

[0048) In one example, active area 300 can be about 8.192 mm x 32.768 mm
and each active device 302 can be about 6 pm x 6 pm. This can produce about
400x magnification. In this example, if an entire SLM 104 is about 1
megapixel (e.g., 2048 active devices 302 x 512 active devices), each section
950 can be about 567.5 pm x 344 im and each exposure area 960 can be about
227 mm x 137.2 mm. |

{0049]' In this example, there is about a 8.2 mm step size between light pulses
at a SLM plane and about a 21.76 um step between exposure periods at an
object plane. Object 112 can be moving at approximately 1 Khz or 20.48

mm/sec in a direction of arrow C. With these paramcters, an expected

throughput of up to about .6 wph can be possible. Thus, if an object’s speed




[0049] In this exanple, there is about a 8.2 nmm step size between |ight

pul ses at a SLM pl ane and about a 21.76 pm step between exposure periods
at an object plane. Object 112 can be noving at approxinmately 1 Khz or
20.48 nun/sec in a direction of arrow C. Wth these paraneters, an
expected throughput of up to about .6 wph can be possible. Thus, if an
obj ect's speed -12- was about one active area width travel ed per |ight

pul se, each exposure area 960 can receive two pul ses of |ight during each
can period of object 112. [0050] FI G120 shows anot her enbodi nent of an
array of SLMs 104 having a section 1050 witing to an exposure area 1060.
Section 1050 can include two colums having four SLMs 104 each. Thus,
section 1050 Wacthgdeencgcivaverea wixith tsvelds! b lightrpubsepeach lexpazueaiedbe st agger ed

wi th respect : ' ' at. cal unms. Each col i s spaced
one-hal f an a%@i%@?lég&vé 'gltlsﬁgg{)}%ﬁ d'irTéé’ 103‘113“&???@?8%8??3{{2, active area 300
can be abW8] 4.5 rfiGx]BGowseanitr eebodimentof we abNVe L NDDAGANNRG about 6 m x
6 pm This cg%ctpor_nol%%e %zb{oyt 150x magn' fication. In this exanple, if an
entire SLM 104°1% "aBoUt ™48 B ABPSE @oq K60 Seqtiond Ot eanvactadativees 302 x 750
active devi ceshid)haviaddbur SIAE | eabR5EhERBedBn q@w&cé?%g%gmsx 96 pm and

each exposure rg%%o.can be about 239 mMm x 14 nmm nthis
exanpl e, there"i JOf 100 ool candyg sopgesedy@ithvesspect iogHiiMplidsies at a SLM

pl ane and ab%}ac@xtgéluénd?rﬁa'éﬁE&mﬁﬁss@%%&%f%nl%gﬂg@%rﬁi 4@f.,an obj ect

plane. (phject 112 can be noving at approxi nat sec*in a direction
of arrowWBPA dat & PR Pasinle; aetive awrd/ 0 cpubs ebouides min & [36unmnatii on  sour ce

can be aroungadktdsve Wik ARt - an ected t hroughput of up to
about 5.1 wph can B%%o%s?%ﬁ%ﬁ bg‘%és i’?lﬁginé; oY) e S%a“spﬁ%‘h"ﬂe\ﬂg‘g“about one-
hal f active dPem migdifiaationayv&l ¢ds peample,giftanpedtise SLAAAD4 e pOsLr £ area 1060

could receiyg e ro L. gt .dur ch scan perjod of an object
172, “Exposur St ey 8000 gepyg deviies 02k 20 iR e vibtui Bhorsh [ 053] FI G
11 i s one exaebe 1050 can bexies U593 th AQ6 M {ndlfeadtixPEsuReGEd PIBD hd50 of an
array havi ngb‘f:gﬁgut%%pﬁ“ggr section as they wite to a sanme row of
[0052] In this example, there is about a 4.5 mm step size between light pulses

at a SLM plane and about a 31.5 pm step between exposure periods at an

object plane. Object 112 can be moving at approximately 64 mm/sec in a

direction of arrow D. A data refresh rate and/or pulse rate of illumination

source can be around 4kHz. With these parameters, an expected throughput of

up to about 5.1 wph can be possible. Thus, if an object’s speed was about one-

half active area width traveled per light pulse, each exposure area 1060 could

receive two pulses or light during each scan period of an object 112.
Exposure Diagrams for Arrays of Spatial Light Modulators

[0053} FIG. 11 is one example of an exposure diagram for three sections 1150
of an array having four SLMs 104 per section as they write to a same row of
exposure areas 1166 on object 112 during five pulses of light. Sections 1150-
1 and 1150-3 can be part of a first (e.g., leading) set of SLMs and Section
1150-2 can be part of a second (e.g., trailing) set of SLMs. This exposure
diagram is shown from the perspective of object 112 as it is moving in the

direction of the arrow with an equivalent step of two widths of active areas




exposure areas 1160 on object 112 during five pulses of light. Sections
1150- 1 and 1150-3 can be part of a first (e.g., leading) set of SLMs and
Section 1150-2 can be part of a second (e.g., trailing) set of SLMs. This
exposure diagramis shown fromthe perspective of object 112 as it is
noving in the direction of the arrow with an equivalent step of two wi dths
of active areas -13- 300 per light pulse. During Pulse 1, the array has not
overl apped object 112. During Pulse_2;_a pattern generated by the array
for SLMs 104 in a first section 1150-1 is witten to a first exposure area
1160-1. During Pulse 3, either the same or a different pattern is witten

to exposure a 3100Q-1 by, segtion 1150-2 and either the same or

di fferent pat tggf%eri]%g\%ruheten %g%g?%(l)’s%i? 'yal?aéa{‘oﬁ‘i‘@ﬁlg@eﬂfpbe@c]@?on 1150- 1.

Thus, the traDhiimgPglet 2j a pesahigenerdtd by2thwairhe or OMEE 184 SRAEREXPOSUre area

1160-1 | ater Hp.tigﬁi .the Ieadig%lset in section 1150-1. This general

exposure proc&&4 Pglf){fa‘f’%%enf‘t?ra f SXRosure kG H604s DPuringsRelen3, [0054) It is

to be appreci étheflitehiatie iof adtiff@tnt pattsm!i§ wer@HR Exr%%ﬁta&% ﬁﬁ?gﬁg”e Process
skless Titho

t hat can occur usin% an array of SLMs 104 in a ne raphy
system It i sSeHMYO0Semdicsherdhesnste ertdifferony patiérn ds writter toasxpafireSLMVG - 104

al I ows or Mirkd Plop-BXRRSHNTT sh. 9R6E XA &+ A'E8ich 130 Jupl,no each scan

peri od, which increasés throughput cdnpare 0 a conve r’@essystem usi ng
one SLM Oper®er agam¢ expwsyre fareatli66:-1 datamipl tene bi Ghtieadigseninnectioacr oss obj ect

112, while eagRpILMy;l04 ' dat.ed pattern datq. is results in
mul tiple pul sesoﬁém%gé’ﬁgg@ro\é%%l?gc%te?splf éep%%f?}i?of&?%ﬁ%%é‘@;gn%ﬁ occurs. In
each directi ohowa first set (e.g., a leading set) of SLMs 104 directs a
first pu and secgnd,set (e. .a. trailing set) of SLMs 104 cones up
behi nd tIBH (st deb R aﬁ?r%“é%?‘%mﬂw "’s?é%ﬁ’am?f‘pﬁﬁagwle(%ﬁ@? EXROSEE| i ng SLM) .
Hence, at anyprécessthateen becut sy fn SdOISIMY B ihS madkle@OhEsh By var yi ng
pattern profiles on, SLMs 104 to wite varying patterns to object 112.

y$igm '}

system. it 1s being used to demonstrate how using an array of SLMs 104

allows for multiple exposures in each exposure area 1160 during each scan

pertod, which increases throughput compared to a conventional system using
one SLM.

Operation

[0055] In this example, light is scanned across object 112, while each SLM
104 recetves updated pattern data. This results in multiple pulses reflecting
from multiple SLMs 104 as scanning occurs. In each direction, a first set
(e.g., a leading sef) of SLMs 104 directs a first pulse and second set (eg., a
trailing set) of SLMs 104 comes up behind the first set and directs the second
pulse (e.g., trailing SLMs). Hence, at any instance in. time a single pulse is
directed by varying pattern profiles on SLMs 104 to write varying patterns to
object 112,

[0056] For example, during the duration between pulses, object 112 is stepped
either all or a portion of a width of active area 300. Then, 3-4 pulses later, a
trailing SLM 104 can overlap something printed 3-4 pulses ago by a leading
SLM 104. System 100 can continuously or periodically update the pattern,
accordingly. This allows. for printing during multiple passes with SLMs 104,




[ 0056) For exanple, during the duration between pul ses, object 112 is
stepped either all or a portion of a width of active area 300. Then, 3-4
pul ses later, a trailing SLM 104 can overlap sonmething printed 3-4 pul ses
ago by a leading SLM 104. System 100 can continuously or periodically
update the pattern, accordingly. This allows, for printing during nultiple
passes with SLMs 104, -14- while keeping object 112 continuously novi ng and
-only doing one pass over object 112 to achi eve hi gher throughput conpared
to conventional systens wusing only offe SLM [ 0057] In essence, system 100
allows for exposing multiple patterns during one pass by using multiple
SLMs 104. There could be full overlap, half overlap, etc. of patterns
generat ed by Vhilsdieaping abicety 2| confiusisismoviag imd only éping tooephss @verf or st i t chi ng

or other effegqs . of the.various.enpodi nents of the
present invent '%F\Iiggdgg(lfl}lﬁggg%g\%w@mbcgmﬁraeg t?tcoﬁ‘feflﬂ?ﬁgpfﬁmpr ocess
flexibility iusingenlymneSLMiunber of pul ses to deliver each dose, while

mai nt ai nj a conti nuousl noy|j waf er, easy al gorithm devel-opnent for
pattern tdggperi za{hf SHBY é’(‘s&m xzéd]&?ﬂvﬁgfgf ﬁ’&’oé‘é‘ér@tl e paftarEs SBRENI p bet ween
l'eading and tonaigasshBy okike mde@e SIMX R4S PRerORBuISlM £ RengognNsated for by
correspondi ng pixels on other SLMs, and a nechani sm by which an array of

mul tipl e SLMOVELRR BiE 9 RattEns gensraigddunleadingrand teiling E-Meddamiceddr unit with

only m nor elt@maﬁgagtitcmﬁgmrgﬁgms_pneurrati c, and cooling connections and
a quick optical adjustnent. [0059] The geonetrical |ayout of assenbly 500

(e.qg., tRB8pacesSemee feadires of s vediays embpdbaents 64 thet presentofaverdioni ve area 300 .
on each SLM . . c ' 400. f or .each .SLM 104, the
H&rivdd SRk %yoﬁé‘g%a'?.ly Qllcgys RE ; %ﬁ? glremglglé]én% (t)engs 635

nunber of pul ses desire deliver a par rticular
exposur e ar eaumb¢reofpudasuin dbiverctach stosg evisleemeistainity @v@bfimougnd t he naxi num

of " exposur os oA TeRLRS b Ole b KByl o Pt RS B pre” 21 AT
defining the geometric relationship between leading and trailing SLMs, dead
pixels on one SLM to be compensated for by corresponding pixels on other
SLMs, and a mechanism by which an array of multiple SEMs can be field-
replaceable on a single niechanical unit with only minor electrical,
mechanical, pneumatic, and cooling comnections and a quick optical
adjustment.

[0059] The geometrical layout of assembly 500 (e.g., the spaces between
SLMs 104) can be a function of: active area 300 on each SLM 104, the area
taken up by packaging 400 for each SLM 104, the nurnber of pulses desired to
deliver a particular dose to a particular exposure area, the maximum object
stage speeds achievable, and the maximum lens diameter in projection optics
110.

[0060] In one example, an amount of exposures for each exposure area can be
increased by a factor of two (i.e. 2, 4, 8, 16, etc.) using the same SLM array
layouts by just halving the object stage scan speed. Scan speed should remain
constant, and is defined by the geometrical relationship between SLMs 104,
The amount of overlap between leading and trailing SLMs 104 depends on the
overall stitching strategy employed. Different examples of this include full
overlap, half overlap, or shifted overlap (c.g., full or half overlap where the
pixels on trailing SLMS 104 are offset by a fraction .of a pixel in X and Y as




increased by a factor of two (i.e. 2, 4, 8, 16, etc.) using the sane SLM
array layouts by just halving the object stage scan speed. Scan speed
should remain constant, and is defined by the geonetrical relationship

bet ween SLMs 104. The anount of overlap between | eading and trailing SLMs
104 depends on the overall stitching strategy enployed. D fferent exanples
of this include full overlap, half overlap, or shifted overlap (e.g., ful
or half overlap where the pixels on trailing SLMs 104 are offset by a
fraction of a pixel in X and Y as -1515conpared to | eading SLMs 104). The
spaci ng between | eading and trailing SLMs can be on the order of the
smal | est possible nultiple of (active area_w dth)/(#_of exposures), plus

the stitchi ngoWwiardale, leadinepSiMip i @4). \Ttchspedieg petwséchhdimpatdiagiiigy of t he SLM
Dose and Uni f it Yo OO0t T Q st em and Met ho i ng. Monitoring [0061] FIG
12 is a syste?n%O% t hat Oglar@oér{ ?rolorfldggeesgﬁ 7ngp‘lfgﬁbpe/gﬁﬁl?li}ef8f a nultiple
SLM pat t er n_gentveasicawidih)/gyof epoaires)nglud theasit A0V @) toRbatile  Present

invention. The.cgntrol. of SLMs 104 be based upon neasurenents 1202 of
an intensity %ﬁ%&p&%‘fﬂ?gﬂ%@m&é@? 19., a dose/unifornity manipul at or

for | eading pattern generation SLMs (high transm ssion neasured)).
“Control ler 1204 neasures leading SLMs 104 at the point in tine that the

| eadi ng SLMs ‘18% 28 gngﬁt%%’&ﬂ’qui%%tm@aéM%hﬁéﬂﬂsmwsmwﬁnact ed froma

predet erm ned val ue 1206 (e.g., setpoint(dose uniformty value in |eading
SLMs) usjng subtractor 1208 to generate an error signal 1210 (e.g.,

dose/ uni 8pHi ty eflGr 12 i8 alspsieth A200Shatrcad OdntroEdosrandogmdfordiy ®raan be del ayed

usi ng del ay dgwiige pves a del.ay signal 1214, | ay signal
1214 can be basgq %%}?jﬁ{ééﬁ%ﬁ%ga%%gfmﬁﬂ’l FELUE; el Fopbe ‘cﬂ‘i‘eﬁbogﬁﬁ trailing
pul ses of t ecshiNmemtiery . ThEtventchd bAYENM s S04 0 bebdded vpsn AEElatnieatsa

rai i ng SLver nel Bindhl by Saurofle BORE: & o SR Bolfiri mempistor1 250,
Control l'er 1782 lewiiey esteraogtrictltions SUMR (AR trai¥iiiGbnC HbaliSed).
dosel Lo ) Bk ShShehiE SR 104 wB3AET0 ST AGLOn Su1e 104
leading SLMs 104 are exposed. This measurement is subtracted from a ‘
predetermined value 1206 (e.g., setpoint/dose uniformity value in leading
SLMs) using subtractor 1208 t{o generate an error signal 1210 (e.g.,
dose/uniformity error in leading SLMs 104. Error signal 1210 can be delayed
using delay device 1212 that receives a delay signal 1214. belay signal 1214
can be based on the number of pulses between leading and trailing pulses of
the SLM array. The délayed signal 1212 is added to a predetermined value
1216 (e.g., a setpoint dose/uniformity value in the trailing SL.Ms) using adder
1218 to generate a control signal 1220. Controller 1222 receives control
signal 1220, which can be a dose/uﬁiformity manipulator for the trailing
pattern generation SLMs 104. Controller 1222 may be low transmission
controllable.
[06062] If the controlled SLM 104 has sufficient zones, it can also be used to
vary intensity along the height of the exposure for the trailing SIL.M 104 to
' compensate for non-uniformities in the beam during the leading pulse. To

accommodate stitching, which may cause two “first pulses” to be overlapped

with one “second pulse,” the trailing portion can be further subdivided into




controllable. [00621 If the controlled SLM 104 has sufficient zones, it can
al so be used to vary intensity along the height of the exposure for the
trailing SLM 104 to conpensate for non-uniformties in the beamduring the
| eadi ng pul se. To accommobdate stitching, which may cause two "first

pul ses” to be overlapped w th one "second pulse,” the trailing portion can
be further subdivided into -16- bands that are conmanded with the
appropriate correction. The shot ener in the trailing SLMs 104 can be
selected so as to acconplish stitchihg?®” [0063] In order to successfully
conpensate for dose variations during the |eading pulse w thout worrying
about induced errors fromtrailing pulses, the energy in the |eading pul se
can be signi f PEYRhetarecommanded with theappropiidte eagreplinns dBe shohsnapy Bxanpl e for a
t wo- pul se sys 9 f L 104, 10% dose for
‘trailing SL%mﬁﬁllg%ﬁ%sggpéeaﬁl\%lgg%lgﬂe a‘cr’)ré%incgagpl Sﬁﬁ{ﬁ% error in dose on

t he trai 90431 SLMvs mwdmlrmcassﬂﬂly bmmnsatmﬁn dobe veridtiohs idiringl@ke on the

| eadi ng SLM 1 tin the e t he. dose_on a given set of

| eadi ng SLMs %6%1 %iﬁlﬁ sur gwgé%&?;rﬁgrfegﬁmﬁ frqm &raidisecpuises e, t he
attenuati on ofnetgydn thedéddingPulse b BeQfpnifitahthohibRe tiR RkORSili | se could be
set to allow 15% dose tsf{rgangm ssion, Instead %]%.&t he nom n ]g%ﬁli%g}o dose. [0064]

The SLM 104 cah@be2EBlii<ler & Braseplsesystenot rap of 9% dese for lepding 56Mn This  woul d

al l ow for revﬂ]’@@@%|steeﬂ§pﬁ§1‘Hﬁ$Sﬁﬁﬁrlo@'cfaﬁﬁtb%%ﬁwﬁﬂﬁﬂédcHle%rﬁff? ?ﬁathe | eadi ng
and trailing SLMs 104) as well as to provid e capa or correcting

of fsets in tr%’mé@e&ﬁ thé gailing SmehOff Wanld bengx loemr:hag tEt_Msor:hﬁ4 [0065] It
is to be appr C endable to a singl e
oSl o B8k oL Fo Al e EEAAL Y BEARRIAYLS 0, 2 o) 0

SLM system or a fy functi array can
| i t hogr aphi ¢ spk ¢frieading ShYlad @ yasvincisutedat Bﬁ%nmt@dpﬂltlsﬁem)%abmpﬁl nt on the

waf er  being tﬁé)meh&%ogﬁgf&{%w{ ﬁ%qm (d')ne %gﬁ(?@@tﬁﬂuﬁﬁﬁggﬁ enbodi nents is

that it can inprove dose con 185ki ¢ system use
of convent i eeidb allow hﬁ@ldaspluansﬂnmn msteumbmhemﬁalnedesael y poor

pul se-t %@éﬂ]se s 7 QEMI IB& can e svtu%Hecelchj cl,olvctstybogl s?delélglfzhgrb[anantly'l‘gler Formance.

would allow for reversal in exposure scan direction (which reverses the
leading and trailing SLMs 104) as well as to provide the capability for
correcting offsets in transmission and uniformity for the leading SLMs 104.

[0065] Itisto be éppreciated that this concept is readily extendable to a single
SLM system or any functional multi-SLM array, and can be used in any
lithographic printing strategy with two or more pulses per point on the wafer
being applied to deliver dose. One advantage for this embodiments is that it
can improve dose control in a direct-write lithographic system use of
conventional lithographic lasers, which have relatively poor pulse-to-pulse

energy intensity variability and uniformity performance.




17 Dose Control System and Method Using A Correctional Blanket Dose

[ 0066) In maskless lithography only a very limted nunber of |aser pul ses
are used to expose the resist. This is to maintain a reasonabl e throughput
in a maskless lithography tool. For exanple, a nunber of |aser flashes
exposing the resist can be limted to 2 to 4 at each site on the wafer.
The dose repeatability of the comonly used exciner |laser is typically in
the 1 to 3% la, while the required exposure dose needs to be within 0.5%
3a. Wthout nonitoring this would result in an unacceptabl e dose
variations. [0067] Enbodi ments of the present invention can use 3 or 4

| aser flashes_ (exposures) in which the |ast pulse only contains a small
(e.g., 5% fr2ere&migtSysiemend dathodfdsing A Eerrectiond Bisuseiddosthe resi st .

Al t hough an exanpl e system and nethod are found in WD 99/ 45435,

enbodi nents of the present invention can have several advantages over this
system §M6Al as subsmasidessdithography bily evghyplinited nomberarfdaseepulses i t ed i ncr ease
in the cost o f ured. . [,0068], .Enbodi ts of the present

i nvention di V‘IES eq{’)%%pog%g% l"g“i(iléet'r 15 19 talfllaarﬁ?@g%?%ﬁ’éwgﬁ’fﬁtmtahe |l ast flash
only deliver smaskismlithofmpini tbeln, Fob ayahdie, Diuribee of laedr dlasidg SRposMasuri ng t he
first two or three doses then defines the dose in the |ast pulse. [0069]
In one exanpl'@® " ﬁa‘ég"f' IHS%'fftrf}s{?r t2 fhathepgh sfipenrihe waliat ¢ EheAosg

i nformation. repeatdditily 688 comb@nalsad BaliherNBLEHS thfcdn§ i Wid ¥V paded to

generate that information. Mreover, if the exposures are delivered
sequential |y, 1% dhe wguirpdgrpasurs, dess pedst o dsavithiy §:5&ndo. Witkoutast exposur e

decreases t hanédopHghRhonlestif}a ah ARAcc SRR 4L Aladons! N_anot her exanpl e, the

| ast exposure can have substantially o patterning information, as is
descri bel@98| ow. [Eodpdimenis Srthe misisnt invebteli panes Dir dhieseprilesiest i nventi on

provi de a fi Neknos 4PREEn 1 1GPPLEC] Bln HASELBRIOLS sidl shlie Rievi ous
exposur es. Trrlte q‘ |Sna exlposur e V[/)\/l F{ e et v'r’lesrrrga{ijl (g ? 3/"8F3%f?8t°fexposur e.
Thi s neans t Hbe tot# alose weafled toxqapesartke choists Althbughomnt axampliystpatdner n
i nformation. r{éﬁ? nal - ex s_.daes not_need an extensive (and thus
expensi ve) data o&lfaz%r%%unc? 1n%"59?45t49§{ embo&ments 01' the present Invention can

have sever_al advantages over this system, such as substantially no throughput

loss and very limited increase in the cost of goods manufactured.

[06068] Embodiments of the present invention divide the dose over the laser
flashes, such that the last flash only delivers a small fraction, say 5%, of the
total dose. Measuring the first two or three doses then defines the dose in the

last pulse.

{0069] In one example, the last exposure can have the full patterning
information. In this case, the data path needs to be fully loaded to generate
that information. Moreover, if the éxposures are delivered sequentially, as has
been done in conventional systems, the last exposure decreases the throughput
of the tool considerably. In another example, the last exposure can have
substantially no patterning information, as is described below.

[0070] Accordingly, embodiments on the present invention provide a final
exposure to correct for dose errors in the previous exposures. The final
exposure will be delivered as a blanket exposure. This means that the ‘ﬁnal
exposﬁre does not contain any pattern information. The final exposure thus

does not need an extensive (and thus expensive) data path.




-18- [00711 FIG 13 is a flow chart depicting a nethod 1300 according to
enbodi nents of the present invention. In step 1302, a first set of SLMs
nmeasures a dose delivered in the first pulse. In step 1304, a second set of
SLMs neasures a dose delivered in a second pulse. In step 1306, a dose
error is calculated. In step 1308, a correctional blanket dose is
calculated. In step 13 10, the correctional blanket dose is applied
through a final set of SLMs. [00721 FIG 14 shows a |ayout of SLMs having
21 SLMs. The SLMs generate three shot%-1402, 1404, and 1406 at three
different exposure times. - In this configuration, a lens (not shown) in a
projection optical systemcan have a dianeter of about 271 nun. [0073]
FIG 15 MM a | Hf6utllofs sLflew hdmit ndppRtnSlaMmettibh e1 BOMiccolaperoat e t hr ee

shots 1502, 1504,4: 808 [ di fferent posure tines. In this
confi gurati on, i %ﬁgglgﬁ%&gfggﬁm p d% cfﬁ%na Fﬁ%%P?§9§@enlcan have a
di aneter of abeastre8@lioseniel{vettddi thefitshpulpy. OpOGEA 1@l QUkcdn@lsefCS. 14 and

15, all three osures (,1402-. 1406 or 1502-1506) are done within a single
exposure fi el %ﬁég\fm%sgﬁ% 258% ‘fqhﬁﬁ'e‘?%}]na Serndpiiser In $iep 98 dose gmtri ver ed

sequent i al I'y. iskalculens@ Ml &ep 1308Fh CorrebRoral blailél 86N B8LINEL Spidlg first dose
then pul se N+3, N+4, N+5, or N+6 delivers the gecondlﬁgée?sﬂﬁpending on

the precise |5\Buhe eareptimakdiiakst dogyis applied threughs: finahset o6SEMmgl e SLM si zed
field w {do7gxperi ¢nce 14 Qys t I &l ' S.mm T LMin the 3rd
shot (co{unﬁ) 1406/ 1506 sHgﬁﬁdﬁgﬂg%kgﬁigiﬁgﬁgg?%gg our TH?Sﬁ%éent
correctional 458%ais thipx phoiu 402, 142 A 0306 zan thrded GidfeichiD dxosiirh tibes.d  conpl et e

data i nf or maty, g i BaNn ol ums. 1402/ 1502 and 1404/ 1504 are
connected to an g§§gﬁélJé&d£#%93%¥%hmk§67§ﬂ”$ﬁgnﬁb? CHPRMBne of the
nost expensi eveodipoeienifebaft 27hemmaskl ess  |i t hography tool. In

conventi syst , ddi tj on, of i nal .sh woul d _increase the
costs ev@ﬂﬁr]rore bgt(ﬂ:%ulssgglll(fa‘lvsvﬁulﬁﬁuéd’é %La‘%?ﬁ’/ozao&gm% deaSen.  To avoi d
these extra gesta theedshais 1600, 1501, akESOBLEBABUiffMR BipRire¥RRE Mn @ bl anket

exposure mﬁtqmthe final S&M ol %406/1506. This nmeans that the
s configuration, a ens?not shown) m a projection optical system can have a

diameter of about 302 mm.

[0074] In the proposed layout for FIGS. 14 and 15, all three exposures (1402-
1406 or 1502-1506) are done within a single exposure field. At each position
on the wafer the dose is delivered sequentially. For example, in FIG. 15 if
pulse N delivers the first dose then pulse N+3, N-+4, N+35, or N+6 delivers the
second dose, depending on the precise layout of the SLM array. This means
that a single SLM-sized field will experience four potentially different doses.
The SLM in the 3rd shot (column) 1406/1506 should then be delivering four
different correctional doses. Exposures 1402/1502 and 1404/1504 both hold
complete data information. This means that SLM columns 1402/1502 and
1404/1504 are connected to an extensive data path. |

[0075] | The data path is one of the most expensive components of the maskless
lithography tool. In conventional systems, an addition of the final shot would
increase the costs even more because it would add about 50% to the data path.
To avoid these extra costs, embodiments of the present invention apply a

blanket exposure with the final SLM column 1406/1506. This means that the
final exposure will contain no pattern data. The purpose is to add an

additional bacl_(ground in a controlled mannet. The only “pattern” on the




final

exposure w | |
addi ti onal background in a controlled manner. The only "pattern"
-19- SLMs is there because it wll

different doses within the SLMfield. This, however is a very
pattern that needs only a very limted anmount of el ectronics.
Consider an aerial imge f(x) and a resist threshold th. The boundary xs
bet ween exposed and non- exposed reS|sE%|s t hen given by: f(xs,)

[00771 Now assune that the dellvered

factor

not hol d any

to (2)
[ 0079]

which inplies (1). Therefore the correcti onal

b, i.e.: delivered dose(x) b f(x) . (2) [0078] Cearly

and ob sopuse i willnped, to garpept for petentially fouy ﬂ(ffe;em
Now doggdex withinthd SLMIHREUCHS;, h&wé‘ifepis(af\&aﬁf Snl}lﬁre Ip%@%% ih&oneeds

bac Se |

D=(1-b)th, (S?MV@GQIWHWWﬁ@mﬂmgOfdd@ﬁ@ndent of the actual patter

hol ds T oo@ery VabiigiaeOln

| ess then one. an exa %ﬂmﬂ@%gggbg “Fﬁ P@?tmtﬁJ Sﬁﬁﬁw

contain no pattern data. The purpose is to add an

on t he

need to correct for potentially four

sinmpl e
100761

=th. (1)

Se deviates fromthe ideal dose by a

(1) does

Jo restore the condltlon laid down in (1), add (1-b) th
bELMs. i a*&‘g%?

th). (3)
(4) [00801
S given by:
n. This

ose to but

es can be

96% and in thaﬂ,batwadnemmmmatdqpnzée(@osetrfee@ubthmlgivebey.O. 96. The dose

correction nethod as proposed above does -20- have a snal

negative effect

on the exposure latitude. The exposure latitude is given by the slope of
the aerial infgg=ah. theresist threshold: S = dxlI x=x,h (6)

[0077] Now assume that the delivered dose deviates from the ideal dose by a

factor b, i.e.:
delivered_dose(x) =b f(ix). (2)

[0078] Clearly (1) does not hold anymore. To restore the condition laid down
in (1), add (1-b) th to (2) and obtain:

dose(x) =b f(x) + (1-b) th = th + b (f(x) -- th). 3)
[0079] Now dose(xy) =th produces
th+ b (f(xw) - th) = th , (4)

[0080] which implies (1). Therefore the correctional background dose is

given by:
D=(-b)th, (5)
[0081] which is independent of the actual pattern. This holds for every value

of'b. In our case however, b will be close to but less then one. As an example
the dose in the first two exposures can be 96% and in the final nominally 4%.

Then b will be 0.96. The dose correction method as proposed above does |




[ 00821 Agai n assunme the dose deviates fromthe ideal dose by a factor b
then S will be given by: S=bbl x=x,h (7) [0083} So the exposure |atitude
will be degraded by a factor 1-b. In the exanple given above the _
degradation will be 4% (e.g. from10%to 9.6%. Error budgeting indicates
that this decrease of exposure latitude can be absorbed. However, in
preferred enbodi nents the correctional dose is nmaintained as snmall as
possi bl e. Conclusion [0084] Wile vg&ious enbodi ments of the present

i nvention have been described above,“1t shoul d be understood that they
have been presented by way of exanple only, and not limtation. It will be
apparent to PELEANS @killed %n taﬁ rel evant art that various changes in
form and detatl °E&RepacERIS et PR its expgspugdeitudee Fhe eXxposurt fagtmde e spirit and
scope of the gineteyytth@fopeldTdfe ackiflGmbBeoR HelesiRiflecfiAPe Of the present

i nvention should not be Iimted by any of the above- described exenpl ary
enbodi nents, but should be defined only in accordance wth the follow ng
clainms and their equivalents. (-2¥|WAT IS CLAIMED IS: 1. A nethod for
controlling dose in maskl ess Fith@ g?hy, conpri sing measuring dose

delivered in each pulse in a series 0 p%bses from SLMs; calculating a
al cul ating a correctional blanket

dose error based on the neasuring steps;
dose based on the dose error; and applying the correctional blanket dose

usi ng a {, | set ,of. SLMs. 2. A thod for controlling dose in naskl ess
9 (%)glﬁ tge dose I;{c‘?viates from the ideal dose by agfactor b then

l'i t hogr a conpErgaRyme
S will be given by:
S = bﬂ
X=Zgh
(D
[0083} So the exposure latitude will be degraded by a factor 1-b. In the

example given above the degradation will be 4% (e.g. from 10% to 9.6%).
Error budgeting indicates that this decrease of exposure latitude can be
absorbed. However, in preferred embodiments the correctional dose is

maintained as small as possible.

Conclusion

{0084] While various embodiments of the present invention have been
described above, it should be understood that they have been presented by way
of example only, and not limitation. It will be apparent to persons skilled in
the relevant art that various changes in form and detail can be made therein
without departing from the spirit and scope of the invention. Thus, the breadth
and scope of the present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance

with the following claims and their equivalents,




measuring an intensity of a dose froma |eading set of SLMs; subtracting
the nmeasured intensity froma predeterm ned value to generate an error
signal; delaying the error signal; adding the delayed signal another
predeterm ned value to generate a control signal; and using the control
signal to control dose froma trailing set of SLMs. 3, The nethod of claim
1 , wherein each dose of the doses deljvered in each pulse in the series
of pulses is substantially |ess than‘?Lé correctional blanket dose. 4. The
met hod of claim1 further conprising: neasuring the dose delivered froma
subset of pulses in the series of pulses; and calculating a dose error
based on the NEAATIF REABYEPHE: subset of pul ses. 5. The nethod of claim 1,
further conprising: including patterning information in the correctional

bl anket dose.1, 6. The AehReddOforClandlihg ﬁ&kthpqmggggrm§k@g?h§xcluding
patterning information fromthe correction bl anket dose. -22-"7. The nethod

of claim2 Wferer§ing he del ayi ng step conprises: setting a del ay anount

based on a nunbernggmﬁyé§$ﬁggﬁéﬁﬁggngga%kg@ggﬁgﬁ%g&;prﬁhgtggﬁd t he

trailing set of SLMs. 87 T alm erelin ing step
conpri ses: usilidg;a setpoint or dose uniformty threshold value as the

predeterm ned val yg. ,9.:. The nethod.of ,cl ai m.2 erein the controlling dose
step conpri ses: 8§9¥§Fﬁ§d?ﬁgm?F§???%%&§eem%?“%%%?’into at least first and
second sets; and ustulgingheocanbnadblagkedede basedoantieardobe @arados™ i n each set to

allow for stitching, .10, The pethod of clai.m 2., whereip an energy level in
the |eading set o?ﬁ%ﬂﬂ%ﬂmF@“?gﬁgygh?vﬁpvﬁ“ﬂP@ﬁngfﬁgﬁggﬂ“energy level in
the trailing set of SLMs. 11 . The nethod of claim2 , wherein a ratio of

energy |l evels of the |eading, set of LMs with respect to the trailing set
of SLMs i s approxi mat efymehed ‘%’Z.W?H%‘ inet 45 Br mepkdesh BaE@PYn during a
subsequent exnasiig: the | eading

measuring an intensity of a dose from a leading set of SLMs;

subtracting the measured intensity from a predetermined value to
generate an error signal;

delaying the error signal;

adding the delayed signal another predetermined value to generate a
control signal; and

using the control signal to control dose from a trailing set of SLMs.

3. The method of claim 1 , wherein each dose of the doses delivered in each

pulse in the series of pulses is substantially less than the correctional blanket dose.

4, The method of claim 1, further comprising:
measuring the dose delivered from a subset of pulses in the series of pulses; and

calculating a dose error based on the measuring of the subset of pulses.

5, The method of claim1, further comprising:

including patterning information in the correctional blanket dose.

6. The method of claim 1, further comprising:

excluding patterming information from the correction blanket dose.




set of SLMs froma just finished exposure becomes a trailing set of SLMs
and the trailing set of SLMs from aj ust fini shed exposure becones a

| eadi ng set of SLMs. 13. A nethod for controlling dose of an exposure field
in maskl ess |ithography, conprising: measuring a dose delivered to the
exposure field in each pulse in a serpgs of pulses froma first SLM

cal culating a dose error based on the neasuring steps; calculating a
correctional blanket dose based on the dose error; and applying the
correctional blanket dose to the exposure field using another SLM

7. The method of claim 2 wherein the delaying step comprises:

setting a delay amount based on a number of pulses between the leading set of SLMs and

the trailing set of SLMs.

8. The method of claim 2 ,wherein the adding step comprises:

using a setpoint or dose uniformity threshold value as the predetermined value.

g; The method of claim 2 ,wherein the controlling dose step ‘comprises:
dividing the trailing set of SLMs into at least first and second sets; and

using the control signal to control a dose in each set 1o allow for stitching.

10, The method of claim 2 , wherein an energy level in the leading set of SLMs

is substantially higher than an energy level in the trailing set of SLMs.

i1. The method of claim 2, wherein a ratio of energy levels of the leading set of

SLMs with respect to the trailing set of SLMs is approximately 9:1.

12, The method of claim 2 ,wherein during a subsequent exposure, the leading
sel of SLMs from a just finished exposure becomes a trailing set of SLMs and the trailing set of

SLMs from 2 just finished exposure becomes a leading set of SLMs.

13, A method for controlling dose of an exposure field in maskless lithography,
comprising:

measuring a dose delivered to the exposure field in each pulse in a series of pulses from a
first SLM;

calculating a dose error based on the measuring steps;

calculating a correctional blanket dose based on the dose erTor; and

applying the correctional blanket dose to the exposure field using another SLM.




