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photosensitive substrate of a wafer. The wafer is then processed to form
one or nore circuits. ctor chip manufacturing
progresses and the size o#hgggHéﬁaﬂﬁﬁﬁﬁgkNgﬂg ces becone snaller, there is a
need for inproving line width control in photolithography devices. Large
sem conductor chips are typically manufactured using a step-and scan

|'i t hogr aphy de\ThlﬁénVth@ﬂé@aQH&%%agfaph)t HYgreasyc it daclojsetalinss by  scanni ng
a typicall ecta i1l ation field defined by an illum nation

syst em ov méCPEY&g %ﬁg (%V&erU|t pattern thereon. A step-and-scan

it hography device is used to manufacture | arge sem conductor chips, in
part, because the size of a sem conductor chip that can be manufactured
usi ng a step- and-scanBAGKegOApHY CFeVHEINVENDBION i mited to the size of the
device's projection optics. A nethod and systemfor inproving line width
control, for exanple, in a step-and-scan Iithography device i s described

by McCul I ough gfy, thBbraph! it Red AP GAUIPRIGE! of Nomidtfindsh s 11 ed June
22, 2000, "I1llum Fon System Wt h Spatla y Control |l e Parti al

‘Coher enceLhogrepisabr ngrd-partitulagdwiptotoliVegiaphe.davolves projecting one or
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more images of a reticle or semiconductor circuit mask onto a photosensitive
substrate of a wafer. The wafer is then processed to form one or more circuits.
As the art of semiconductor chip manufacturing progresses and the size of
semiconductor devices become smaller, there is a need for improving line width
control in photolithography devices.

Large semiconductor chips are typically manufactured using a step-and
scan lithography device. A step-and-scan lithography device operates by
scanning a typically rectangular illumination field defined by an illumination
system over a reticle havihg' a circuit pattern thereon. A step-and-scan
lithography device is used to manufacture large semiconductor chips, in part,
because the size of a semiconductor chip that can be manufactured using a step-
and-scan lithography device is not limited to the size of the device’s projection
optics.

A method and system for improving line width control, for example, in
a step-and-scan lithography device, is described by McCullough et al. in U.S.
Application Ser. No. 09/599,383, tiled June 22, 2000, "lllumination System With
Spatially Controllable Partial Coherence Compensating For Linewidth Variances
In A Photolithography System," which is incorporated in its entirety herein by
reference. McCullough et al. describe using a custom-designed optical element,
such as a microlens array or a diffractive optical element, to control the partial

coherence of an illumination system of a lithography device and thereby



In A Photolithography System "™ which is incorporated in its entirety herein
by 'reference. MCullough et al. describe using a custom desi gnglg%zﬁ ?@gl

el enent, such as a mcrolens array or a diffractive optical el »
control the partial coherence of an illum nation systemof a |ithography
device and thereby 1 3 JAN 2006 -2 conpensate for line width variances in
the lithography device. The custom designed optical elenent described by
McCul l ough et al. is designed to conpensate for predeterm ned horizontal
and vertical biases associated with a particular |ithography device. A
linitation of thgsmtiedoPflindkGuth! REGRcALinahe 1itRRONG RV ice! STH@lstdrh- | S
typically an expensive and tine-consum ng process to design and nanufacture
t he custom desi dmsephedpdptical ctdnemie ndesciéiselr bpedcOylldipGukd algh dedgral. toThus,

t he custom desi gned optical el enent described by MCullough et al. cannot
be readily adj USteRENSAte forepradgipEningd homeonhy rang gisttifal Binees\aspadiaied “Withases

associated wth_a.part,.cul ar, | ithograph evi chan i, ¢ ine. 10 O her
types of Ii thog?%ﬁ@arq‘éts?%%gh%%%’ Illceg._gg Eﬁﬁg%aft?s&%&f?%@?%@ et Hgvi ces
and fiel d-stitciiwgel idRoariapycaiowh E;?p%n@i'véanﬁﬂ(erl_ébﬁsuﬂ%g?&E&ﬁ'{o gdagverti cal
bi ases that cause |line wi dth variances. Conpensating for the horizontal and

vertical bi asesandmirhéseureithemgrompliysigead opéisal ateandnnpesoriberby Ma€uldpghh
control is just as_inportant as conpensating for hgrizo and vertical

bi ases and 15 ‘f’ﬁgrwsn eFPsﬁ‘émvdse&’tgl‘?gEBH’ﬂcra q:leiﬁlﬁntglegqr&ﬁdgp@&@wugh #4%gr aphy
device. Wat is .S - i1g: i i dt h
variations in acal[a?:tgﬁgtg?éggﬁg ag%{.%%eggf ?%ﬁﬂ%&/ﬁ%&%@%&{l%&ht@g fégkgﬁéégscri bed
above. BRI EF SUlbéddteOwithHEpriiWENTEEDEEPh ke i@rahasgd withviesd | on provi des a

system and nethod for controlling line wdth variances in a |ithography
devi £8. El ect r omagnePther yiss @f litogsaphydeyioes svah asrsten-psensdtilshogarivce. ~ A

portion of t hepﬁﬂée&%?d u%lg—%{i{cﬂmQRﬁéJrgpd‘lmgg?gs aﬁﬂoée%cﬁﬁitﬁé?{ﬁt{&ﬁnﬁgf rtical .

illumnation optics no n an erb um nation optics

modul e i ncl udesbiaseniattiaed ih®matithopiraaads. t Canpdmnnnei@n@athoiamitagarl pupi |
pl ane. An aperture device having an aperture is |located proximte to the
pupi | plane so Yaiugal pigsey i beseoithegrpplel dvies Rag HepiovingiEegyiditee®itipbif by t he
one- di mensi onal,0pt 'iﬁﬁha&ﬁtagéfc%@ Siaﬁﬂg% ARE2 6 al '&58“\%&4?%1?3%@3&%{6 of
the aperture evi ce. e angular qi st roution-of el ectronagnet1C energy
passiifg t hr oughinif#6ving line width control in a step-and-scan lithography device.

What 1s needed is a system and method for controlling line width

variations in a litho graphy device that overcomes the limitations described above.

BRIEF SUMMARY OF THE INVENTION

20
The present invention provides a system and method for controlling line
width variances in a lithography device. Electromagnetic energy is emitted from
an illumination source. A portion of the emitted electromagnetic energy passes
through an illumination optics module. In an embodiment, the illumination
25 optics module inciudes a one-dimensional optical transform element having a

pupil plane. An aperture device having an aperture is located proximate to the
pupil plane so that a portion of any electromagnetic energy received by the one-
dimensional optical transform element passes through the aperture of the aperture
device. The angular distribution of electromagnetic energy passing through the

30 illumination optics module is controlled using the aperture device.



30 illumnation optics nodule is controlled using the aperture device. 1 3
-~ JAN 2006 -3 5 10 15 20 25 In an enbodi nent, el ectronmagnetic ener exiting
the illum nation optics nodule passes through a reticle stage. 1%yhi3wmﬁ'cl e
stage has a nmask region that is adapted for holding a reticle or mask. A
portion of any electromagnetic energy passing through the mask region is
received by a projection optics nodule. Electronagnetic energy passing
through a reticle or nask held by the reticle stage wll enter the
proj ection optics nodule and be inmaged by the projection optics nodule on a
phot osensi t i VeI@éfpe%lf&‘ﬁﬁemt?él@&r&ﬁag%eﬁ@érﬁerr%f@(lit%gp(}ie AeheiomdRge. I n
enbodi nents of the invention, the shape of the aperture of the aperture
devi ce i smadjlesiaeststtoroaghtredicit bagantid mtickisstgeinhsitinoask eégieh eeit r omagnet i ¢
energy on the mask or the reticle., In one enbodi nent of the invention, the
shape of tHeaplgp&rthgihing arediclerqrénask nAPRIEONSHBBYEIRRIFRMAZIEC §PRIBE of t he
aperture is changed b% r%tf(l aciongisaljtcll.eeaég a l5)ort'l.on o{. t he Perture devi ce.
I n anot heP® &0 '?fégrtl]t NCLRR Eelgéﬁ]e of "t he 5éﬂr P O(INH%FHO YN this
senmbodi m3nElecErB%agﬁ'@E%n@xfgy?Q@ir?%?ﬁfdulgﬁ@retlcﬁe SRREBEIJDY (iSRSl 33 g@Per ture
control nodule t0 adjust the shape of the aperture.’ The shape of the
apert ur e wahelter tatpporttiioadbptcsadpdidt eatl bsimagedibyhbe pemect@perpticoop or a
cl osed | oop control system in an enbodi mnt,&aql(ggasur ment of the angul ar

di st ri but MEAYsOTR BhegHet T ate? 3 & WAdER bOUBIE T ¥8%n  appropriate
shape for the ?rpé:’rﬁlﬁcfi{iﬁgpts omme‘?ﬁ%%b\g,gﬂc%ﬂqa@@oftﬂ?gﬂﬁéﬁ{ﬁ% tggg%eg'gﬁé'smm zed or

st andar di zed opti ca enent 1s us dditi to t I mensi onal

optical tdansd sradiietedmresbn@sidhe aparlindigrilevorcef dlectromligngtit beerpar ti al

coherence of electromagnetic energy emitted by the illum nation source.
10Thi s opt i eafheanaskenthebiple dpane qrabodigpinfdhe invention, thesbare ofrtheli f fract i ve

o ent. At BURAE, AL SALS065 Ol UL SPLERIRONEL ¢ e o
enmbodi mentepicirid lea3v e poitim ofahe aphrust dblies. dial dnbitee embedignent, thyy or
shape of the aperture is dynamic. In this embodiment, the shape of the aperture
1s changed by using an aperture control module to adjust the shape of the
15 aperture. The shape of the aperture can be automatically adjusted using either an
open loop or a ciosed loop control system. In an embodiment, a measurement
of the angular distribution of electromagnetic energy is used to determine an
appropriate shape for the aperture. |
In embodiments of the invention, a customized or standardized optical
20 element is used in addition to the one-dimensional optical transform element and
aperture device to modify the partial coherence of electromagnetic energy emitted
by the illumination source. This optical element compmses, for example, micro
lenses or diffractive elements that change the partial coherence of the
electromagnetic energy incident upon the one-dimensional optical transform
25 element.
In an embodiment of the invention, an adjustable delimiter (e.g., jaw or

stop) is used to limit a length of the illumination field. This adjustable delimiter

is a separate device from the aperture device.
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well as the

is used tolimt alength of the illumnation field. This adjustable

is a separate device fromthe aperture device. 13 JAN 2006 -4 5

i nvention, as
structure and operation of various enbodi ments of tHel pkiedht

invention, are described in detail belowwth reference to the acconpanying
BRI EF DESCRI PTI ON OF THE QRAW NGS/ FI GURES The present invention is

dr awi ngs.
described with reference to the acconpanying figures. The acconpanyi ng
whi ch are incorporated herein and form part
illustrate the present invention and, together with the description,

further serve tor@¥pleaturestdnd aavimgdeplo€ sheOfreddne i RVEDHE | RRvaNg the enabl e
person skilled in the relevant art to nake and use the invention.
figures,

el ements.
i dentify (R¥T
illustrates an exanple |ithography device that
FIG 2 illustrates how to neasure the parti al

sdevi ce of FIG 1BMEGDESCRIANONOETHIDRAWENGS/FIGHIREDUL T on of
| it hography device as a function of field position.
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a phot osensiti
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of the specification, illustrate the present invention and, together with the
description, further serve to explain the principles of the invention and to enable
a person skilled in the relevant art to make and use the invention. In the figures,
like reference numbers indicate identical or functionally similar elements.
Additionally, the leftmost digit or digits of a reference number identify the figure
in which the reference number first appears.

FIG. 1 illustrates an example lithography device that incorporates the
invention.

FIG. 2 illustrates how to measure the partial coherence of the lithography
device of FIG. 1. )

FIG. 3 illustrates the angular distribution of light in a conventional
Jithography device as a function of field position.

FIG. 4A illustrates an unbiased horizontal and an unbiased vertical line
formed on a photosensitive substrate.

FIG. 4B illustrates a biased horizontal and an unbiased vertical line
formed on a photosensitive substrate.

FIG. 4C illustrates an unbiased horizontal and a biased vertical line
formed on a photosensitive substrate.

FIG. 5 illustrates an example relationship between a photosensitive
substrate and an illumination field according to the invention.

FIG. 61llustrates an example partial coherence adjuster module according

to the invention.



FIG 5 illustrates an exanple relationship between a photosensitive v
~substrate and an illunmnation field according to the invention. FEGANGON
illustrates an exanple partial coherence adjuster nodule according to the
invention. 1 3 JAN 2006 -5 5 10 15 20 25 30 FIG 7 further illustrates a
- one-di nensi onal optical transformelgnment of the partial coherence adjuster

of FIG 6. FIG8A illustrates a first exanple of an adjustable aperture
according to the invention. FIG8B illustrates a second exanple of an
adj ust abl e aperture according to the invention. FIG. 9A-B illustrate a.

flowchart of a pret hadifepnlus@mes 8bhd-AndRPnaNgstlcaAr trarnksht dibyenen of
el ectromagnetic energy in a |lithography device as a function of field

posi tion dbzpartiinyphemnemadindbeardifidat 6t he i nventi on. DETAI LED DESCRI PTI ON OF
THE PREFERRED | NENTS Th resent i.nvention provides a system and net hod
for inproving %%ﬂl\ﬁ?‘ﬁaté%ﬁﬁfglex?rﬂpﬁqfia?ﬁ P2PI5yAPABYIECECOTALIBR | | be

appar ent ftﬁé’fﬁ‘v%ﬂﬁmdet ailed description herein, the present invention is
particularly well adapted for use with a step-and-scan |ithography device.

5in the descri ptHIGRH flattrfted 4 @wdnd exingglent en wdjhltable apatiae accoddihgi | to present
enbodi ments of the invention, exanples of which are illustrated in the
acconpanyitf#icdnEiiitieds. Wiile the invention will be described in conjunction

e brcseniciod TROLRe D] o RS SR DR

intended to I'nve | us S lr?egriikﬁes?n ¥t he contrar Y,

t he i nventdi@Abitfon dfiendatghicaesy @l 4 BhogtapMe8evio®di h Fgatibars and

equi val ents, which can be "incl udeJ within the spirit and scope of the

i nvent i on feedd pesitionegtcosdinge aapperdedentdhainventi®urt hernore, in the fol |l owi ng
10descri ption, for purposes of explanation,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a system and method for improving

linewidth control in a lithography device. As will be apparent from the detailed
15 description herein, the present invention is particularly well adapted for use with
a step-and-scan lithography device.

Inthe déscription that follows, reference will be made in detail to present
embodiments of the inven_tioln, examples of which are illustrated in the
accompanying drawings. While the invention will be described in conjunction

20 with the present embodiments, it will be understood that they are not intended to
limit the invention to just these embodiments. On the contrary, the invention is
intended to cover alternatives, modifications and equivalents, which can be
included within the spirit and scope of the invention as defined by the appended
claims. Furthermore, in the following description, for purposes of explanation,

25 numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be obvious, however, to one
skilled in the art, upon reading this disclosure, that the present invention can be
practiced without these specific details. In other instances, well-known structures
and devices are not described in detail in order to avoid obscuring aspects of the

30 present invention.



nunmerous specific details are set forth in order to provide a thorg%gh
under st andi ng of the present invention. It wll be obvious, howeve ,‘HW'@%e
skilled in the art, upon reading this disclosure, that the present invention
can be practiced without these specific details. In other instances,
wel | - known structures and devices are not described in detail in order to
avoi d obscuring aspects of the pre§%nt i nvention. 13 JAN 2006 -6 5 10 15 20
25 Term nol ogy The following ternms are defined so that they nay be used to
descri be enbodi nents of the present invention. As used herein: "Aperture
devi ce" nqans.aldevice capabl e of changing or varying the ' angul ar i
distributiSHnHP(¥Wectronagnetic energy along a predeterm ned axis by
changi ng or varying the shape of an aperture. An aperture device can be a
dynam c device such as the invention described in U S. patent No. 6,013,401
to MCullough R fallowirpndriuakicaddfmes st hieatabéy may betusedmo descaibst ati ¢ devi ce
such as a plate or disk having an aperture of a predeterm ned shape and

si ze. " CustrbRfizentepf the aresentdpreHtiondgniscdhersist i cal el enent specifical ly

esi gned to conpen e;for..the optical characteristics of a particular
5?ithography dggﬁéﬁﬁ%éﬁg‘gnfgﬁﬁg8ﬁ%?%§ﬁ“85%%éﬁféa%#%5HBFmWHE@ﬁaed to be used

inalithg Flﬂ@xhbﬁ_strﬂﬁ}ﬁbﬁ%f%lé&&bnia@ﬁélicté?@r@nﬁoﬁgﬁ phtcediniited sxispgci fically
designed. "Tllum nation source" means any source of illum nation such as,
for examshanging pulvswthd Hgethape of ahapprivisat Ahsapstinteaddvicef o fpenf or mi ng

St ep- and’ SVEHTISREGRRITS e 01 Ea o T B g Pt N A Haghaghy device.
and/ or a fNiatdioughick N 4l VarahOR @RRYS, ARV GR beUNL RRSIQL R, 58, NOL €d.
"One-di mensi onal "optical transformelenent” nmeans any optical device or
1Gconbi nat | phatobr dipk hadhg dewpabye phapredetermaed wipige qodaree. and al | ow an aperture
device located proxXi MBes Ofical Bl nBhd S bR aF LS e, t e anoul ar
designed to compensate for the optical characteristics of a particular lithography
device. Customized optical elements are not intended to be used in a lithography
device other than the one for which it is specifically designed.
15 "IMumination source" means any source of illumination such as, for
example, a pulsed laser or a lamp that is suitable for performing lithography.
"Lithoéraphy device" means any lithography device to include a step-and-
scan lithography device, a step-and-repeat lithography device, and/or a field-
stitching lithography device, unless otherwise noted.
20 "One-dimensional optical transform element" means any optical device
or combination of optical devices that form a pupil plane and allow an aperture
device located proximate to the pupil plane to be used to vary the angular
distribution of electromagnetic energy along a predetermined axis.
"Positioned adjacent to" means a first module or device is positioned
25 relative to a second module or device so that electromagnetic energy exiting the
first module or device will enter the second module or device, either directly or
indirectly. The phrase "positioned adjacent to" includes instances where one or

more optical elements are used to direct electromagnetic energy exiting the first

module or device into the second module or device.
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di stribution of electromagnetic energy along a predeterm ned axis.
"Positioned adjacent to" neans a first nodule or device is positioned
relative to a second nodul e or device so that el ectromagnetic ener §yA®LilEi ng
the first nmodule or device will enter the second nodul e or device, either
directly or indirectly. The phrase "positioned adjacent to" includes

i nstances where one or nore optical7.elenents are used to direct

el ectromagnetic energy exiting the first nodule or device into the second
nmodul e or device. 1 3 JAN 2006 -7 5 10 15 2C 25 "Reticl e stage" neans that
portion of a lithography device used to hold and position a reticle or .
sem conduct or HReticle $Gtahoiaardi thecbopdit ofd lifHography 'demieansedan lapd i cal el ement
designed to conpensate for the optical characteristics particular to a
speci fic ARKROSHOMBERSICle QsfseBuqandRgar @aHy devi ce. St andardi zed optica

el ements are iniended,. - U interchangeably in all lit raphy devi ces
conformng to atsgaﬁl éTdf’%e% (ﬁgtﬁceﬁﬁgéme%drgfi?ns' Q)@?pgzrca.ygl!ﬁme%gﬁsbggﬁg?“ ve .
Subst r at ecoRpéMal@Bsntha opaéf thitamtRdicd paPR AP RENSIHINEnSRATI el Phot Or esi st)
of the type used by sem conductor nmanufacturers to produce sem conductor

chi ps. "Waf elittegegpay der@as Stdndurdpred topoeal glereentts sreogreagddytodewisee used to hol d
and position a fer. ystﬁi‘em odi nrents of the Invention FIG 1

illustrat ggeralhan@\é%ﬂ%pg i & 8§’fa§€§§le‘6§?ﬁ ewfemyng Hat® sl Bek¢ RE i nventi on.
An illum paion source 102 generates and directs el ectromagnetic energy into
an illum nation optics nodule 104. Illum nation optics nodule 104 includes
a partial cohetrente" ad) Bibearscniihd Suldiatd"hbsthconsi i obfkr tHaeingek ect r omagneti c
energy received fromillum nation source 102 in accordance with the

i nvent i onPheBHASLIVEneRRIEBe RNOYFEYHEL Oc tendYREy UsedvS SCIMIEAAdHEOr on opti cs

nmodul e 10%13;}{}&0@@@@@gpltomgéj&lpmgm{aﬁhio%ﬁpg not shown) held by a reticle stage
106. '

"Wafer stage” means that portion of a lithography device used to hold and

position a wafer.
System Embodiments of the Invention

FIG. 1 illustrates an example lithography device 100 that embodies the
invention. An illumination source 102 generates and directs electromagnetic
energy into an illumination optics module 104. Illumination optics module 104
includes a partial coherence adjuster module 105 that conditions the
electromagnetic energy received from illumination source 102 in accordance with
the invention. Conditioned electromagnetic energy leaves illumination optics
module 104 and passes through a reticle (not shown) held by a reticle stage 106.
The reticle is used to project an image of a circuit onto a wafer or photosensitive
substrate 110. Electromagnetic energy passing through the reticle enters a
projection optics module 108. Projection optics module 108 images the received
electromagnetic energy on photosensitive substrate 110. Photosensitive substrate
110 is held and moved by a wafer stage 112. A stage control 114 controls the
position of reticle stage 106 and wafer stage 112, thereby controlling the position

of the reticle (not shown) and photosensitive substrate 110.



The reticle is used to project an image of a circuit onto a wafer or

phot osensitive substrate 110. El ectromagnetic energy passing thré%g%Mﬂ%ﬁ
reticle enters a projection optics nodule 108. Projection optics nodule 108
i mges the received electromagnetic energy on photosensitive substrate 110.
- Photosensitive substrate 110 is helgl and noved by a wafer stage 112. A
stage control 114 controls the position of reticle stage 106 and wafer
stage 112, thereby controlling the position of the reticle (not shown) and
phot osensitive substrate 110. 1 3 JAN 2006 -8 5 10 15 20 25 30 Il lum nation

source 102 condilus@mtian Souce & 0D coripaesdsr Dsmgredfi denetgyetic tddrgyri nat i on
source 102 can be either a continuous source of el ectromagnetic energy or a
pul sed sodHeminstioglsegrnce dRAGae OE €itbelet gYNUTEHS exApPE clegirpmpgnsdic| aser
operating in a ran%gﬂLronlagogttoneckLlohegtz to abort fqur ki | ohertz can be
used. As ST OhBPURHEIVIGSYE Sy ramARIES " ERY 1 TEE PRPIENBPYETEYMAL 1 t hogr aphy
art, the o?kﬁa%g%%gé frSmeBEh e RNISHUEAH ab¥urithil i Rk O rRoysse 102
requires onditioning before it is used to expose photosensitive substrate
5110. 111 urneili dba vagtrstosd ydupersdOdibedpr ilsesleopit lthbgapleyrent thet hat

condition _the electromagnetic energy received fromillum nation source 102.
Optical ESISHERRENGRatcIEBYMPIOHREE BY HIMURRYRLY | 94 6pti%es #3dFFe 104 are

descr | bed Bekahdiol As BIATBILpo ke Sen b MR 15 631, 721 Lo Stanton

et. al., rern 1ncorpo erence Inits entirety. In
particul ar, il luginivatiocdBpo@inedidnEognprikBortienledd hsntachpadohditilbn coher ence

adj uster nodul e 105. Partial coherence adjuster nodule 105 contains optical
el enents ftbe elegkpmagnatisecngrgilireaeivad Stam pligmntion sowice dOZonBighedti ¢ ener gy

mtted b yelé l ln'fmhgﬁftoirrgg p%ﬂ%rf?libn]fglgti&{scﬁicfs %[ueolrbﬁl%fre %iés%lriged lpe%svivt ion (e.g.,
or varylng‘?%e angular *di stri ut'ion el'ectromagneti ¢ energy of
i11um nat i g, for etanpd dn (BS. @St Nbhed3heb ow) Stafoh eexaMphieh igtakdihal coherence

adj uster nodul e 105 contai ns a one-di nensional optical transform el enment and
an aper t urlacqipiiated by srfespassinmg eretya imRAraeulen dhymipgitanewtiss mefldet r omagnet i ¢
energy. 104 contains a partial coherence adjuster module 105. Partial coherence adjuster
module 105 contains optical elements for varying the angular distribution of
15 electromagnetic energy emitted by illumination source 102 as a function of field
position (e.g., for varying the angular distribution of eleciromagnetic energy of
illumination field 312, as described below). For example, partial coherence
adjuster module 105 contains a one:dimensional optical transform element and
an aperture device for varying the angular distribution of electromagnetic energy.
2¢ In embodiments, partial coherence adjuster module 105 also contains a
customized or standardized optical element for varying the angular distribution
of electromagnetic energy. These features of the invention are described below
in more detail.

Electromagnetic energy exiting illumination optics module 104 is used to
25 illuminate a reticle {(not shown) held by reticle stage 106. By illuminating the
reticle, a circuit pattern thereon is transferred to photosensitive substrate 110.
Photosensitive substrate 110 is processed in a manner known to persons skilled
in the lithography arts to form one or more circuits.

Projection optics module 108 is used to image electromagnetic energy that

30 passes through the reticle onto photosensitive substrate 110. Projection optics



I n enbodi nents, partial coherence adjuster nodule 105 al so contains a
custom zed or standardized optical elenent for varying the angul ar

~distribution of electromagnetic energy. These features of the invygniiromgre

described below in nore detail. Electromagnetic energy exiting illumnation
optics nodule 104 is used to illumnate a reticle (not shown) held by
reticle stage 106. By illumnating thhe reticle, a circuit pattern thereon

is transferred to photosensitive substrate 110. Photosensitive substrate
110 is processed in a manner known to persons skilled in the |lithography
arts to formone or nore circuits. Projection optics nodule 108 is used to

i mage el ed)f ormagpiet be venktgyeduratthe pasdesmagy dorgledt dre phetbsailsgivent o

phot osensitjve substrate 110. Projection optics 13 JAN 2006 -9 5 10 .15 20
25 108 cartueigy b used to reduce the reticle |mage formed on photosensitive
substrate 110. i.tioning of
reticle sage 153%;0%%%8&81"%&040“%‘?3 tﬁ%%vgégg%%’%cﬂ@i{ 0ﬁaenagsges | it hography
devi ce 10Q06Qnd%@é’r%’t@ellrlflelstti'g%rcoﬁtrét Emam%%qm)gmﬂ@ deévi&t gprtand- r epeat
node, and/or a field stitchi ng node. FIG 2 illustrates how to neasure the
ﬁoartl al c@lpen'aawmeﬂmﬁr b istehogregphy modevd slepH00-reffead modnemd?0&: hgld 210 are

shown in Flgp ne 210 represents the actual space through which

el ectromag?ﬂ ing 1B gy fromillum nation source 102 passes to illumnate a
reticle hel d DIGEDTEraAAAR, 10fhealtRBS20REPRIRRERL Bf 1ty Ry mum cone or
space through which el ectromagnetic energy can pass and still "be used to

i mge waf aefevitd Q00.Theoanged ZﬂS mdszlﬂlabmhcovn of FIGoAe C210 2( 0 represetthe  parti al
coherence factor a of cone is given by EQ. 1: 00 OMwhere, as shown in

FIG 2, cOpfedmshase fyoRsn ¥ ’(frpéle@EranaﬁPf{tﬁ ege%tf;%,uum@o@fsome

10 102 passes to illuminate a reticle held by reticle stage 106. Cone 208 represents

A

5 o=

the maximum cone or space through which electromagnetic energy can pass and
still be used to image wafer 110. The angular distribution of cone 210 (i.e., the

partial coherence factor o of cone 210) is given by EQ. 1

Oy
8lfl'l

cr
o

where, as shown in FIG. 2, cone 208 forms an angle 8, with a optical axis of
lithography device 100, and cone 210 forms an angle 6, with the optical axis.
FIG. 3 illustrates the angular distribution of light in a conventional

lithography device 300 as a function of field position. In FIG. 3, electromagnetic

20 energy 1s shown exiting an illumination optics module 302. This exiting

electromagnetic energy has not been conditioned in accordance with the
invention. The exiting electromagnetic energy passes through areticle stage 304,
A reticle or semiconductor mask (not shown) is placed at an image plan of reticle

stage 304. The exiting electromagnetic energy passes through a projection optics

25 module 306. Projection optics module 306 images electromagnetic energy at an

image plane located proximate to a wafer stage.
As illustrated in FIG. 3, the electromagnetic energy exiting illumination

optics module 302 forms cones of electromagnetic energy (see, e.g., cone 310A).



| i t hography device 100, and cone 210 forns an angle 0. wth the optical
axis. FIG 3 illustrates the angular distribution of light in a co?vgnaﬁgnal
| it hography device 300 as a function of field position. In FIG 1, JAN LU

el ectromagnetic energy is shown exiting an illum nation optics nodul e 302.
This exiting electromagnetic energé has not been conditioned in accordance
with the invention. The exiting eI'QTronagnetic ener gy passes through a
reticle stage 304. A reticle or sem conductor mask (not shown) is placed at
an imge plan of reticle stage 304. The exiting el ectromagnetic energy

passes 't il &8 B Bl ARl RerafPAU! €4 30 A0SR haDrARLhcs modul e 306
n=" I’ mge-p 0

i mages el ectromagnetic enerdy at a ane ated proximate to a

waf er st age.thdslettrdmsireat efedel aFiGxid préjbeidl Qick dmmENEtdd: ERSEQY exiting
illumnation optics nodule 302 fornms cones of el ectromagnetic energy (see,
e.g., ConsoBBOARlecr@mMIANIRGO6 Y HterBestatedss omen 5130, Hditnd 1Gp1&onds of

el ectroma tLC ene (see,.. one 310 al so formed Dby the

el ect romagﬁg)c #Oémee}?elﬁlaéléfsz’tﬂe%(?{% IBIHJB]‘%@HH?H’I@B& SUSHOHUPEPOSDB. * These
scones of eheCkLANRINELLFaeDes I 38Qr esented as cones 310B, 314, 316, 318,
and 320) forman illumnation field 312. Illumnation field 312 is used to

expose a phot diem#iation ekiliiStdoat sotofryeaswefiestiodad field dowitionatHaoh fiel d 312
does not vary as a function of_ field position. Eac cone of el ectromagnetic

| h
(e.g., 31681 grAcClpTEEngif(e.sand V82644, Bhat3 1Pt 2P 1t {8s 2imar@fi nati on fiel d
312 exposgg, g dlibd ?fefdl%lﬁ’%'xp&seﬁe%mfe%m%gﬁ’m &Og%{e%%%%. tbhé@@léﬁt es a maxinum
cone of eleéectromagneti C energy that can‘be use 0 expose e

phot osensiillist@tes dbsdximatie: cohe vidledtroadlnetlhérfer£One: das balis@ (sboywe as cone 308A.
The shape (i.e., cross-sectional view) of each cone of electronmagnetic

10(e. g., 3108 phosasensigygsubguge obyyalesdd) This sanedriaashoynoe pprestis-t he parti al
coher ence Bhsblig L5 AYIBLES) LA AEREHEAIPAELY. | oot soen
the cones 33@8A &K 8, and 320) is intended to represent the partial coherence of the

electromagneiic energy at a particular point in i1llumination field 312.
As shown in FIG. 3, there is a rélationsh_ip between the cones 308A and

15 308B. Changing the shape of cone 310A causes a similar change to be brought

about in cone 310B. Cones 308A and 310A can be used to calculate the partial
coherence of lithography device 300.
FIGs. 4A, 4B, and 4C illustrate horizontal line and vertical line biases.
These line biases are brought about, for example, by imperfections in reticles and
20 the optics of a conventional lithography device such as lithography device 300.
FIG. 4Aillustrates an unbiased horizontal line 402 having a width W and
an unbiased vertical line 404 having a width W, formed on wafer 330.
FIG. 4B illustrates a biased horizontal line 406 having a width W,;" and
an unbiased vertical line 404 having a width W, formed on wafer 330.
25 7 | FIG. 4Cillustrates an unbiased horizontal line 402 having a width Wy and
a biased vertical line 408 having a width W,/ formed on wafer 330.
As will become apparent to persons skilled in the relevant lithography art
given the description herein, the present invention can be used to control the

angular distribution or partial coherence of the electromagnetic energy in

30 illumination field 312, as a function of field position, and thereby improve the



308B. Changi ng the shape of cone 310A causes a simlar change to be brought
about in cone 310B. Cones 308A and 310A can be used to calcul ate the ﬁ&{tial
coherence of lithography device 300. FIGs. 4A 4B, and 4C i 11 ustiratA
horizontal |ine and vertical |ine biases. These |line biases are brought
about, for exanple, by inperfectiongjin reticles and the optics of a
conventional |ithography device such as |ithography device 300. FIG 4A
illustrates an unbi ased horizontal line 402 having a width WH and an

unbi ased vertical line 404 having a width W formed on wafer 330. FIG 4B

i 11 ustr at egrfarrbirs edlithoctapantalict BO® BOGakae thgpatial eiHerdftk opthd an unbi ased
vertical line 404 having a wwdth W fornmed on wafer 330. FIG 4C illustrates
an unbi as@&techomiagmticaneigy needIozx hesei wegerad 3 (egh tharshapeiof conbs AKBY verti cal

i ne 408 i i dt " forped on wafer. 330. . As wi.l|. bec apparent to
per sons sgiﬁ’l g&%ﬂ\gﬂt E@?Z&éfﬁﬂﬁd’rﬁ (oG rBEHV OBy YaTiaionE AN diRg ‘Hgg‘gri ption
herein, th& RIESEHLfe! @?f@%'r%hc%&n’ﬁgﬁoaﬁﬁ&t%thﬁgm\feﬂhoﬁ BE a1 @ngudliar
distribution or partial coherence of the el ectromagnetic energy in

5 | 1 um nat iimprdveehdp&ldmaase af fithogiapbhn deficéd @hek thas litiopnaphantdvicker eby i nmprove
the 1 3 JAN 2006. -11 5 10 15 20 25 30 performance of |ithography device

300. By var)ithdusthErsapmply 2 syHer grivanprlar He illenaetpp Fglgieexrosener gy used to

expose vvafae;)l;a 0 (e.g., the shape of cones 310B, 314, 316, 318, and 320)

according to the invention, variations in line widths forned on wafer 330

are reduced. ErpadsnBadisitedf the h€lati heBip baWed! &atdr SCOUSEd]IuiniitioNe t he
performance of litho raphgl devi ces other than |ithography device 300 that
use, for dikhPle FIg. Sejsaiibistricahovaimingantionican be pagaiternary o faedld t o expose

T e T B0 LA BRI B R o e
used to Vah¥peldi@oRariaos, shIeBeRr@hg ihae 8l veatis D ARANRILHY (8NREJY Used toO
expose wafer 330 (see, e.g., the

variations in line widths formed on wafer 330.
As illustrated in FIG. 5, illumination field 312 1s used to expose a scan
area 502 of wafer 330. The partial coherence or angular distribution of

15 electromagneltic energy in illumination field 312 varies as a function of field

position. Each point of wafer 330 can be exposed differently aiong the iength of
illumination field 312 as illumination field 312 scans across scan area 502.
Hiumination cones 504, 506, and 508 depict how the angular distribution of
electromagnetic energy (e.g., light) can vary as a function of illumination field

20 position in accordance with the invention.

FIG. 6 illustrates an example partial coherence adjuster module 105
according to the invention. As described herein, partial coherence adjuster
module 105 is used to adjust the partial coherence of electromagnetic energy in
an illumination field (e.g., illumination field 312) as a function of field position.

25 According to an embodiment of the invention, partial coherence adjuster module

105 includes a one-dimensional optical transform element 602, an illumination
field delimiter 614, and a customized or standardized optical element 620.
As shown in FIG. 6, in an embodiment, optical transform element 602 has

two optical elements (e.g., lenses) 604 and 606, and an aperture device 608.

30 Aperture device 608 has an aperture (not shown), which is used to adjust the



shape of cones 504, 506, and 508) according to the invention, and thereby
reduce variations in line widths formed on wafer 330. As illustrated in
FIG 5, illumination field 312 is used to expose a scan area 5021 gfJANii§r
330. The partial coherence or angular distribution of electromagnetic
energy in illumnation field 312 varjyes as a function of field position.
Each point of wafer 330 can be exposed differently along the | ength of
illTumnation field 312 as illumnation field 312 scans across scan area 502.
[I'lum nation cones 504, 506, and 508 depict how the angul ar distribution of

el ect r oMagnet 4 CoRRER@of efectromabh@lH oneSANpA@RY HfFSuh ThENEEHSR affngl | | uni nati on
field position in accordance With the“invention.”"FIG 6 illustrates an

exanpl e pafpreddtemahed eiceFadjxastpds, opocklltenifdbm ebawort dDDgat be tideed | nvent i on.
As descri bed herein, partial coherence adjuster npdule 105 is used to
adj ust t hdopapt thglangypedisiidbation of plse i pHAGRpNE NSy MédNgyan #xis Bt sl | uni nati on

field (e.q.,, Lllumnation field 312). as. a.functi f fiel sition.

Accor di ngg‘ill&n%liwé%%%fe WtOfé?Ct%r}%?%rﬁU%rm”iagﬂ? Hﬁgjrﬁ?a%o(%%@r]ﬂgﬁg " adj ust er
godul e 105 i nchudembadipngt, dpomns uenad c0uat haalicd diamsf LR glafiat 602, an
illTumnation field delimter 614, and a custom zed or standardi zed opti cal
el ement 62BscrAzdsinbvih ParenANG.6,813 4 taidrdodgherdd., Insipis eodbditmeansf or m el enent

602 has t optical el nts (e.q,, lenses) 604 _and 606, and an aperture
Govi oo coghesinpund Da 0Tttt M mer B RS CHore SIS i ch 1 5 used
to adj ust ﬁrﬂ@tojcoﬁlr?%ﬂ\iteztgpQm‘elv%rﬁnéghéérrégaa’ét S0P dARlal GROGIRSCE Of

el ectromagneti ¢ energy passing through the aperture along a predeterm ned

axi s. For exarplies biapdsi fradn ¢mammenmnihelserent si@2 of aperbeeurseded oo vary t he
angul ar distrihbutiaon of,elecé{ona netic energy along an axis that is

1@l i'gned wiPAMGEHEC"EAGATBHOT é%rﬁ_gmaa%ets YIDGFATAETS 8¢ PP edandshown in FI G
o o HSEATE gy FREGHAER, B0 o SOR Sy i BB L%,
t hi s enbodipgraote,control module 610 to adjust the shape of the aperture of aperture device

608 during operation of the lithograph}/ device. Time-varying parameters that

may cause linewidth variations include temperature, pressure, and resist being
15 used. Other time-varying parameters that can be compensated for using the
present invention are known to persons skilled in the relevant lithography art.
Aperture contr,ol module 610 can operate in either an open loop or closed loop
manner. How to implement aperture control module 610 will become apparent
to a person skilled in the relevant control systems art given the description herein.
20 In another embodiment, aperture device 608 1s a replaceable plate or a
replaceable disk having a static aperture or a device that includes a replaceable
plate or a replaceable disk having a static aperture. In this embodiment, the plate
or disk can be changed either by hand or automatically in order to vary the shape
of the aperture. Factors such as cost and the size of the circuit features being
25 reproduced will determine when and how often the replaceable plate or
replaceable disk is changed to control line width vanations. In other
embodiments, other known means for forming a changeable aperture, other than
a replaceable plate or a replaceable disk, are used.

As will be understood by a person skilled in the relevant lithography art

30 given the description herein, the shape of the aperture of aperture device 608



the size and shape of the aperture of the aperture device 608 can be varied
inreal- time to conpensate for tine-varying phenonena that cause horizonta
line and/or vertical line biases. In an enbodi nent, the size and ﬁga@qm%f
apertures needed to reduce line width variation for particular s%
paranmeters are preconputed and storgd in an optional nmenory 612. This
stored data is then used by an optlonal aperture control nodule 610 to

adj ust the shape of the aperture of aperture device 608 during operation of
the Iithography device. Tinme-varying paraneters that may cause |inew dth

var i at i ONSel el 6t TARNALI GariaRHESRH s oar@flrES) SHarkibld cafBEd O her

ti me-varying paraneters that can be conpensate using the present

i nvent i on dafeemkizdWasddmnpedradis lpetilnedtal dath bbdtairelremanboting kography art.
Aperture control nodule 610 can operate in either an open | oop or closed

| oop manneters o tiond psl epeert diffgpar enditieont rble Aodwesdsloambel becone
appar ent person skilled.in the rel evant con rt given the
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s epl aceablqg vpéfé%%narth@coﬁe‘é? ﬁ%%@u%tﬁl‘oﬁ@% RUcRs %Eé:HoCengEe_r fhere or a
device that includes a replacea pl ate or a repl aceable disk having a
stati c apevafaseHowvno tdliest thaldediang atglyiehbe gdtate knowndd gdes@ankibled changed

ei ther by hand or automatically in order to vary the shape of the aperture.
Factors sdRHCHE¢HEA™nd the size of the circuit features being reproduced

wi I deter i ne iyhenARg dARMALERN. 40eid RBLAGARPLE PLANRPLiz.AR! aceabl e di sk

is changed to contro ine w vari ations odi ments, other

known neangageast el lninigatian dlainged lod &pﬁ)@@t}vhfﬂf 630 olwmﬁbddhafnts af thepl aceabl e
plate or a replaceable disk, are use be understood by a person

Wskill ed .nnfqaéowh%%wnqﬁhﬁwo@frta%ﬂblwetlorgﬁrf%}éfpw byslstiputgt ¢ /S herein, the
h f 10 15 2C 25
g Oaggege dtctﬁgtr@(ﬁ;eﬁd[ WF.I? oﬁ&ol?a[l)%é%rﬁ:rrggaﬁgl\ﬁ' &o%tr%%ojdu?e éfé\' | cuﬁ?aP&‘:—’%" 7

rrations a par
par amet er snéadryb@l 8. dFhBr ftbtued iDasey) fon charapial ;tsncsmeoqpmrelminalofdat a obtain

from exposi ng severa
electromagnetic energy used to image a particular reticle.
In embodiments of the invention, a customized or standardized optical
15 element 620 is used to modify the partial coherence of electrornagnetic energy
emitted by illumination source 10Z. Optical element 620 comprises, for example,
micro lenses or diffractive elements that change the partial coherence of the
electromagnetic energy incic_len.t upon optical element 620. Optical element 620
1s designed to compensate forchanges in the partial coherence of electromagnetic
20 energy brought about, for example, by imperfections in projection optics module
108 that lead to horizontal and vertical line width biases.
A customized optical element 620 is described in detail in U.S. Patent
Application Ser. No. 09/599,383 by McCullough et al.
Designing optical element 620 to compensate for the average or typical
25 imperfections of a particular model of lithography devices has many advantages.
For example, it reduces production costs and production time. Optical element
620 does not compensate for time-varying phenomena that cause horizontal line
and vertical line biases.

FIG. 7 illustrates a pupil plane 702 that is formed by the two optical

30 elements 604 and 606 of one-dimensional optical transform element 602. The



waf ers over tinme and under different conditions. The data needed can be

obt ai ned, for exanple, by analyzing the variations in printed |line w dths
~formed on wafers and the corresponding line widths on the reticl es! sggk 2806
expose the wafers. How to collect the data and anal yze the data are known

to persons skilled in the relevant grts. Illumnation field delimter 614
is used to set the maxi mum si ze and "~ shape of the illumnation field used to
expose wafer 330. In enbodinents of the invention, the size and shape of
the illumnation field forned by delimter 614 is controlled by an optional

scanni ng. {iehdr &b alre DA 60O Godl RAVE SR8 cleHBADEY BkfsogThi o feat ur e

is used, f exanp to control the anount el ectromagneti c energy used
to i mage aprpaimtdteuw pupit plahel762. [Ihispibadiane atlsweothed fieriurveidgeenre a cust om zed
or standardi zed optical elenment 620 is used to nodify the partial coherence
of el ect r o¥EisEOR ¢ Bhesegyo vartha ragia golharenneiod s Oerteeiapeliag®reyopt i cal

el emrent 6 conprises, for ex | e, icro.lenses or diffractive el enents
t hat cha_négatt PI%E) aﬁ.ﬁ)%ﬁh (%haé)rﬁ_gﬁ%e&og" E]%evaryérll%@?ér %f@&nogttL% C8ﬂeégr%§ i nci dent
gipon opti cateiRlmeipRBblic 840«icRPILLE CAlG, Bh@MBNin Bmahfor desi-BRE fefeth cONpPensat e for
changes in the partial coherence of electromagnetic energy brought about,

for exanpl e, by FiGpérf sctibnbisiratepwojerampleraperitics 80 reddiBél theO&nt hat | ead to

hori zontal, and vertical line wi.dth biases. A é}gstoméied optical, el enent 620
i s descri b¥d YSRA d¥ERIANg HOUTE TRYEERD  IOpYATY cHEi BATNSEr COlREENCROPI5909, 383 by

MeCul | ough. gy Rla ng‘?@ie%%nglo%gtdncﬂi ehenENLL0R0 %QI%Q@qWEEhF&tE{](Pr the
average or typ|c§I | npe fectrons of a particular nodel of Tithography
devi ces hasoriamye adweilt Agesi02 dFane ekaaianal irinsferhy eksnenr 60y ¢twidn costs and
roduction tine. Cptic%I el ement. 620 does not conpensate for tine-varying
lﬁhenomena YR ihe audangsiripyHeRm O |t glechpragrstici e (6% HEMies 2 FIG 7

g ke s e N Mt
2006 -14 Sni&ntih i2bhcorporated into lithography device 300, aperture 801 or 811 wiil
vary the angular distribution of the electromagnetic energy as a function of field
position in itllumination field 312.
15 For aperture 801, the angular distribution of electromagnetic energy in
illumination field 312 will have a certain value "A" in a region corresponding to
the area betweén edges 802 and 810 of aperture 801. The angular distribution of
electromagnetic energy in illumination field 312 will have a value greater than
"A" in the regions corresponding to the areas between edges 804 and 810 and
20 edges 808 and 810 of aperture 801. It will have a value less than "A" in a region
corresponding to the area between edges 802 and 810 of aperture 801.
Similarly, for aperture 811, the angular distribution of electromagnetic
energy in illumination field 312 will have a certain value "B" in a region
corresponding to the area between edges 812A and 812B of aperture 811. The
25 angular distribution of electromagnetic energy in illumination field 312 will have
a value greater than "B" in the regions corresponding to the areas between edges
814A and 814B and edges 818 A and 818B of aperture 811. It will have a value
less than "B" in aregion corresponding to the area between edges 816A and 816B

of aperture §11. Thus, as will be understood by person skilled in the relevant

30 lithography art given the description herein, the invention improves linewidth



25 30 aperture of aperture device 608 is |ocated between optical elenents
604 and 606 proximate to pupil plane 702. This placenent allows the
aperture of aperture device 608 to be used to vary the parti al COhﬁ%?ﬂfﬁMEf
the el ectromagnetic energy that passes through the aperture (e.g., by
varying the shape of the cones of electronmagnetic radiation 704, 706, and
708) in the manner described herein;sFIG. 8A and 8B illustrate two exanple
apertures 801 and 811 that can be used according to the invention to vary
the partial coherence of electromagnetic energy along an axis. Wen
aperture 801 or 811 is located proximate to pupil plane 702 of

one- di menshAina in bl Phn RV REBMyab87g thetanWilht disiiduYioh BE liANAH AT

distribution of the electromagnetic energy (e.g., light) as a function of
field posiiliromaion aan furckionwiof fieidoposfticsl d. For exanpl e, when the invention is
incorporated into |ithography device 300, aperture 801 or 811 will wvary the

angul ar distribution of the el ectromagnetic energy as a function of field

position iMet.hJ)c#Elﬁbeaitrﬁe‘?ﬂf'oﬂh%llﬂvé&i%n For aperture 801, the angul ar
e

distribution o ectronmagnetic energy in illumnation field 312 will have
sa certain value "A" in a region corresponding to the area between edges 802

and 810 of aperture 801. The angul ar distribution of electromagnetic energy
in illumnati ofl¥s.Aldami 9B ilugtrappy oychal olthgsieas of ampethod 900 forn t he regi ons

corresponding .t.0 t.he areas,. bet ween s 804 and 810. an edges 808 and 810
o aper ¢ ur Ehgaiie et R R b et B R i e

cor r espondicfige ha hhetict SXidDE bR 8AGRENSRAAb Rl P epfhapREhise 801.
Simlarly, for aperture 811, the angul ar distribution of electronagnetic

ener gy i nTihelstaps nhmethodf908|ve 133 bé ddschbade a certain value "B" in a region
10correspondi ng to tthe9§§ eg bet ween .eg(ﬂes 8%2A andl]l]8128.of aFert_ure 811. The

angul ar distri BUtSIEn 70 EPEEPHREEn PPEYeReT gl I PIPURT nQYi6rfi el d 312

Wi Il have epfudd@l UgheJEBatar elbliddmaddetit RnbhS (80 H%ﬁt)c&‘hr gsRanpdi pg to the

areas between edges 814A and 81 and ed@es 818A and 818B of aperture 811.

It will havetimional sercd esls dlédromidaghetiin energgi on xopwlesbomdiaag of o t he area

bet ween ed?es 816A and 8165 of %gg.rture 811. Thus, as will be understood by
person skifCHEMPRTHETPEYevaAt “MOPHRESF sedigsehPPERlPRI HEVEF | pti on
herein, thgumh BYEALhORISHEREZ QY §Bout!thMEMAMER, I Bed AN 2006 - 15

15 In step 920, electromagnetic energy emitted from the illumination source
passes through an illumination optics module. This illumination optics moduie
includes a parﬁal coherence adjuster module. The Partial coherence adjuster
module includes a one-dimensional.optical transform element. The purpose of
the optics module is to condition the electromagnetic energy so that is can be used

20 to illuminate a reticle or mask and image a circuit pattern on a wafer. )

In step 930, the angular distribution of electromagnetic energy entering
the one-dimensional optical transform element is varied along an axis. This 1s
accomplished by passing a portion of the electromagnetic energy through an
aperture of an aperture device. The aperture of the aperture device is located

25 proximate to a pupil plane of the one-dimensional optical transform element.

In step 940, electromagnetic energy from the illumination optics module
passes through a mask region in a reticle stage. In operation, the mask region of

the reticle stage holds a reticle or mask. By illuminating the reticle, a circuit

pattern thereon is transferred to a photosensitive substrate of a wafer.



5 10 15 20 25 control in a |lithography device by varying the angul ar
distribution of light inan illumnator as a function of field p?gitign
Met hod Enbodi ment of the Invention FIGs. 9A and 9B illustrate a flowiNdi® of
the steps of a nethod 900 for controlling the angular distribution of

el ectromagnetic energy in a Iithogr?ghy device as a function of field
position according to an enbodi nent “the invention. The steps of nethod 900
wi |l now be described. In step 910, electromagnetic energy from an
illumnation source is emtted. The emtted el ectromagnetic energy (e.g.,

light) can be ﬁi&t@;gps@, el Bl H&%@en%{é’;‘yé@& p}ﬁ%se%%%}ﬁ@?%ﬁ?r&gﬁﬁergy or a -

pul sed source o ectromagnétic en an e pul sed | aser

oper ati ngid ﬂhe@etl’c@d‘@ﬁﬁe if rredpedb@idg mm@jéetib@h@cﬁc_tszn@dmab@mnﬁz@u_rnallgé lohertz is
used. In step 920, electronmagnetic energy enitted fromthe illum nation
source pabsegraxmnaggha safdaristagei hetrndiopnts.che proghgtien oph¢ssnoduleini nat i on

optics nodul e j[nclud a rtial coherence adjuster nodule. The Parti al
cgher encer%f?fs[b%?’ze ﬂﬁﬁﬁ f eéi%?#fﬁﬁ?&ééraﬁséﬁgga tﬁ%h@‘?tfi?’?é‘lsft’d’_ﬁtg?t@érlatet ransform
sel ement. FBPCXBH{[J@@,?@a@émb&cﬁﬁxcﬁ@&ﬂeﬁﬁtg@&g}” (%ti'(:?mtoﬁul%g kLRRsERSr

el ectromagnetic "energy so that is can be used to illumnate a reticle or

mask and iteageclafaxturestirinspatddan theoghooseadieve substrat &p a98Qor dfifeurangul ar

di stribution of elect rom&geti c energy entering the one-di nensional optical
transf or m el enbhttch 20Q; g BGPa PG 2paiTuak phthe Fpgraire devigeisgapisicdied by passi ng

a porti Onﬁ(%tr(}l QE? gé@ﬁ%r][&gﬁ%ﬂ%ﬁ %f%@%{rg%ﬁ\%%&qﬁ%Qiggg%tte%)?&%é%ﬁlia% an aperture

devi ce. The aper e aperture ceis mate to a pupil

pl ane of pheimme-tdilensicdralge 0nh a6 ambodanslt omeapbeiRndif.thé Bpstiep 940,
el ectromagnetic energy fromthe illumnation optics nodule passes through a
10nask regi 8aViEGisg dyaeies apeEvEg d iy ¢ynames aneitars is ediastpd Bk chasgingihof  t he

et cle Lot hobe gl ko eelBSen YL S R ARSI °. 2 o1
wafer. 1 Zhollld c2AB6an dfen-loop control system that is used to adjust the shape of the
aperture, or a closed-loop control system that is used to adjust the shape of the
aperture. In an embodiment, precalculated data stored in a memory is used to
15 adjust the shape of the aperture device. The shape of the aperture is adjusted
based on the angular distribution of electromagnetic energy at the image piane
proximate to the wafer stage. In another embodiment, the aperture of the
aperture device is a static aperture. This static aperture is changed by replacing
at least a portion of the aperture device to adjust the shape of the aperture. For
20 example, in embodiments, a plate or a disk having a predetermined cut-out
(aperture) is replaced by another plate or disk having a different shaped cut-out
(aperture).
In embodiments of the invention, the shape of the aperture is adjusted
based on detected variations in printed line widths formed on a photosensitive
25 substrate (wafer) held by the wafer stage. For example, the detected variations
in printed line widths can be compared to the reticle used to expose the
photosensitive substrate, and the shape of an aperture according to the invention
that will reduce the variations in line widths can be determined. This detection

and analysis process can be done on a continuous basis, or it can be done

30 periodically (e.g., from time-to-time) by analyzing changes in line width variation



5 10 15 20 25 30 In step 950, el ectromagnetic energy that passes through the
mask region in the reticle stage is inmaged, using a projection optics
modul e, to forman inmage plane proxinmate to a wafer stage. |n eiidamiNrigist s,
the projection optics nodule reduces the size of the reticle features
transferred to the photosensitive sybstrate. For exanple, in an enbodi nent,
the projection optics nodul e reduces the size of the reticle features
transferred to the photosensitive substrate by a factor of four. In step
960, the shape of the. aperture of the aperture device is adjusted to

control thg et @er dirt Th Rboaindits, ehesiape TagReifeauaiehgps@t sbhe i mage

pl ane proximate to the wafer stage. In an enbodinent, the aperture of the
aperture th@vé cerdspordsdyaditicudgieetiale beinghbesl dynami c. aperture is adjusted
by changing the, s e of the aperture ing an aperture caontrol nodule. The
aperture contrd$5WﬂE@hW@kgﬁﬁxﬂ@ﬂ%wxgﬁﬁﬁﬂﬁﬁH8t%ﬁﬁ&?@?”§b§$@ %%t is used to
adjust th rture, - C temthat is
used to ag?ﬁgggfﬁngﬁgggsgﬁﬁfﬁglﬁ%%%?#ﬁﬁgk |ﬁggk9§ﬁ§b |h%ﬁ{?%¥%recalculated
sdat a st or egeitiveaierRigshyuldsbelsdidste® in atjensd ipevaapewnlih thardpgrture devi ce.
The shape of the aperture is adjusted based on the angular distribution of
el ect r omageQrianceneitly yhealnvemEon. nhlyes. piealfetorpissyssed Bered! has Waher stage. In
anot her enbodipg@}, gq} %Qer&Hﬁﬁ %f %hgr q%%&$ure device is a static
aperture. PPRCRCERIMTE ASrPRice MY “CRARGEE B Y epl aci ng  at |east a portion
of the aperture device to adjust the shape of the aperture. For exanple, in
enbodi nents, a plate or a disk having a predeterm ned cut-out (aperture) is
repl aced Byorghstdwer plate or di sk having a different shaped cut-out
(aperture). In enbodinments of the invention, the shape of the aperture is

lOadjusted based on detected variations in printed line widths fornmed on a

phot osensi ti ve va#astiBb@mcnahbem: phabst bkl bensaletn &1sa98:d 56%c. exanpl e, the
detected variations in printed |ine widths can be conpared to the reticle

used to eXpgeeld breundshteatbibasthtjomnmdsentaheye Basd présentshapevagfofan aperture
according Lo Lhe favention. Lhal ill reduge the variatigns, ip line wdths
relevant art that various changes in form and details of the embodiments
15 described above may be made without departing from the spirit and scope of the
present invention as defined in the ciaims. Thus, the breadih and scope of the
present invention should not be limited by any of the above-described exemplary
embodiments, but should be defined pnly in accordance with the following claims

and their equivalents.



and anal ysis process can be done on a continuous basis, or it can be done
periodically (e.g., fromtine-to-tine) by analyzing changes in1l3i i 2806dt h
variation -17 5 10 15 on wafers over tine. In enbodi nents, the shape of the
aperture is adjusted so that is corresponds to a particular reticle being
used. As will be understood by a perggn skilled in the relevant |ithography
art, there are many factors that can be used to determ ne how the aperture
of the apgréﬁ@g devi ce shoul d be adjusted in order to inprove line width
control in rdance with the invention. Thus, the factors di scussed
herei n have been presented by way of exanple only, and not limtation.
Concl usi on Various enbodi nents of the present invention have been descri bed
above. | tl.shoulditleraphdelesicoadnipmaingt hese enbodi nents have been presented
by way of exaqu onl and not limtation. It will be understood by those
skilled in the &Yl ongPYCEhat vari ous changes in formand details of the

embodi ments - deggiuRethRRARIRYIRE (IR HR oS BetoriRRREL bAgiel T om t he spi rit

and scope of the present invention as defined Thus, the
breadt h andnﬁlccb}bgsaiﬂ ililheinapmes:&md;e smﬂelhtmmmtmimnicdmudmldimvingnted by any of

t he above- des ed exe nbodlnents but defined Manly in
accor dancePaiii r?o HENGCHAY ﬁ%ode ea\’v%aaﬁadtrmswnéﬁfent\fa%m@m 3 JAN 2006 - 18

CLAIMS 1. Aeﬂnbﬁthﬁarf&wa mﬁme SAERRE-AMEhsiond optlchimdigdhon source; an
illum nation optics nodu that receives el ectronmagnetic energy emtted by

said ill um:lalatmtdnvmgwncapf:rusralddvme ithianaperoure (bcpnateds)rqum@tohh@n ng a partial
coherence adliaeroRELS hths, 005 FEnSL o0l OBl Rl Ll gust o of erent
having an aperd: iseisfwhee el’é‘bﬁ&nﬁ’%‘heﬁ@%ﬁérgj} ButbREAILE oRE-@rhdBIcRat 0 the pupil
pl ane of said one-dinensional optical transformelenent that varies the
optical transform element along an axis;
a reticle stage positioned adjacent to said illumination optics module,
wherein electromagnetic energy exiting said illumination optics module will
illuminate a portion of a reticle held by said reticle stage;
a wafer stage; and
a projection optics module having an image plane proximate to said
wafer stage, said projection optics module positioned adjacent to said reticle
stage and adjacent to said wafer stage, wherein electromagnetic energy passing
through the reticle held by said reticle stage will enter said projection optics
module and be imaged by said projection optics module on a photosensitive
substrate of a wafer held by said wafer stage, and
wherein a shape of the aperture of said aperture device is adjusted to
control the angular distribution of electromagnetic energy at the image plane

proximate to said wafer stage.

2, The device of claim 1, wherein the shape of the aperture is adjusted
based on detected variations in printed line widths formed on the photosensitive

substrate of the wafer from corresponding line widths on the reticle.

3. The device of claim 1, wherein

the shape of the aperture is static, and



angul ar distribution of electromagnetic energy entering said one-di nensi onal
optical transformelenent along an axis; a reticle stage positiloheth &df acent
to said illumnation optics nodule, wherein electronagnetic energy exiting
said illumnation optics nodule will illumnate a portion of a reticle held
by said reticle stage; a wafer stage;,and a projection optics nodul e havi ng
an i mage plane proximate to said mé}%r stage, said projection optics nodul e
positioned adjacent to said reticle stage and adjacent to said wafer stage,
wher ei n el ect r otaghaeiod tenapegyrepasdjiusigd by hapdasgig 4thenst @portios ofiel d by sai d
reticle stage @%II nt er said projection optics nodule and be i maged by
sai d projec Keid 85%4%(£nndule on a photosensitive substrate of a wafer held
by said wafer stage, and wherein a shape of the aperture of said aperture
device is adjusted to control the angular distribution of electronmagnetic
energy at #he i Hegdevpicarielaiprloxheetie to sai d wafer stage. 2. The device of
claim1, whereip_the SQ%Ee of theda erture is adjusted based on detected
variations in pWF3255Q' PR HEHE YEWES S t he phot osensitive substrate of
the wafer from geshgepamel ferthidie alusieSsiap ah Bferfi®d E&ltR] mbdulthe devi ce of
claim1l1, wherein the shape of the aperture’is static, and 1 3 JAN 2006 -19
the shape of the aperture is adjusted by replacing at |east a portion of

said aperture device. 4. The device of claim1l erein.the .shape of the
aper ture i3 dyniif iesty B SRR oRub ot SiEtay B8 05 ng an
aperture cgdjtidi@e dHaptibFthe aperfite device of claim4, wherein an open-|oop
control systemis used to adjust the shape of the aperture. 6. The device
of claim4, wherein an closed-1oop control systemis used to adjust the.
shape of the ap re.. 4...The Vi f i m.1 [.ein.saj perture
device is ga](n ad?ﬁé#%’gﬁeec’fsclla}lw 4’%21\%}6@@?1?519%#&5@0859?\@%3 elgllg}l?ﬁ%fs further
conpri si ngadjust the shape of the aperture.

7. The device of claim 1, wherein said aperture device is an adjustable slit
device.
8. The device of claim 1, further comprising:

a memory that stores precalculated data used to adjust the shape of the

aperture of the aperture device.

9. The device of claim 1, wherein said partial coherence adjuster module
further comprises:

an optical element having a plurality of different illumination regions,
each of the different illumination regions having a different illumination
property selected to reduce line width variations on a printed substrate, said
optical element being located adjacent to said one-dimensional optical
transform element,

wherein electromagnetic energy exiting from said optical element will

enter said one-dimensional optical transform element.



a nenory that stores precal cul ated data used to adjust the shape of the
aperture of the aperture device. 9. The device of claim1l1, wherei Sai?{lﬂ
partial coherence adjuster nodule further conprises: an optical 12&% b
having a plurality of different illumnation regions, each of the different
illum nation regions having a di ffer_g@_t illumnation property selected to
reduce line width variations on a printed substrate, said optical elenent
bei ng | ocated adj acent to sai d one-di nensional optical transform elenent,
wher ei n el &t r ofrdBetbeq for spelrgfling Wictangylar dismbyterobyesteamagapiédrent will enter

sai d one-dj i0 ' - tor ; il 3 6 -20 10. A
nmet hod foré%g tlrnodlqm]0 Ré e(?elz‘a,hctgu g?ﬂﬁltgbﬂfﬁgﬁ oor%nop’ @#@%ﬂﬁ%ﬁagneti C energy
in a lithogmphynghteisepsas a function of field position, the nethod
conprising the steps of: emtting el ectromagnetic energy from an

(1)
i || umi nation solpce; eMtBYe paLEmrpnslieenc SngnenduHBLgy Selfet ed from t he
illumnation sgyrce.th Ll Lum O i nepdul; nprising a
one-di mensi onal * “opt P%glﬁ]g;é%gggﬁggljrﬁug%%kf%&%%%£zh puleﬁaﬁﬁgne; (3) passing
a portion sdurédreighath ilmigngsn eptenetgld dohquigihganoneadiatchsiosalof an aperture
device to vary the angular distribution of electromagnetic energy entering
the one- di RIS} Brnsforapslemant hay Mg RUPEhPA6ent  al ong an axis, wherein the

aperture of the perg&ggﬁggﬁﬂ.ﬁ& é’fsd(}‘% %Q@nﬁgﬁg%ﬁé}g%@g@tﬁe pupi | plane of

t he one-di nensi onal opti transf g el ectromagnetic
ener gy frosapdrine: ff dnupenateidenicops vas thawgulae distritatigh of mask region in a
reticle stage; (5) i.maging el ectromagnetic. energy that passes through the
mask regi BRCFHMagnstic eqerey entengyde opeppensiopalymticel st deneidul e

conpri sing - i i .pl.ane proxi mat e
to a wafer a@bgé@@ﬁég»&‘?&é‘@y%ﬁ%ﬁtﬁ&?ﬁx fﬁ%ﬁgﬁéﬁ@gﬁ%&@‘%ﬂ% adeka{gp rt t}ir?lg?eof t he
aperture devthegupibplaaeaf thelontdémangmabopttabtrarishurtn demedt; el ect r omagneti c

t the i I imate to t f . 11. Th t hod of
crergy at the |[Roe plafe BLOLIELE L0 L1 RSl R30S o, T 00 ©

module through a mask region in a reticle stage;

(5) imaging electromagnetic energy that passes through the mask
region in the reticle stage, using a projection optics module comprising at least
one optical element, to form an image plane proximate to a wafer stage; and

(6) adjusting the shape of the aperture of the aperture device to
contro! the angular distribution of electromagnetic energy at the image plane

proximate to the wafer stage.

11.  The method of claim 10, wherein step (6) comprises:
adjusting the shape of the aperture based on detected variations in
printed line widths formed on a photosensitive substrate held by the wafer stage

from corresponding line widths on a reticle held by the reticle stage.
12.  The method of claim 11, wherein step (6) comprises:
for a static aperture, replacing at least a portion of the aperture device to

adjust the shape of the aperture.

13, The method of claim 11, wherein step (6) comprises:



adj usting the shape of the aperture based on detected variations in printed
line widths forned on a photosensitive substrate held by the fer stage
fromcorresponding line widths on a reticle held by the reticl ~@N4@5. 12.
The nethod of claim 11, wherein step (6) conprises: for a static aperture,
replacing at |least a portion of the erture device to adjust the shape of
the aperture. 13. The nethod of claim™1ll, wherein step (6) conprises: 1 3
JAN 2006 -21 for a dynam c aperture, adjusting the shape of the aperture
using an apert (i@ dyormicoiperieguidusting thershaperet hodpeture usingian3, wherei n step
(6) conpri - uUsing, an en-loop control systemto adjust the shape of the
aperture. %@%ﬂ %”W% H@gggf claim 13, wherein step (6) conprises: using a

cl osed-1 oop control systemto adjust the shape of the aperture. 16. The

met hod of claim 13, wherein step gG),conprises:_adjusting t he shape of the
aperture bi$ed dhe msthoddglaan 1di whereinsierol®) edmpmsesct r onagneti c energy at the
i mage pl ane proxj. Q t.h fer. stage, . ..17.. The nethaod of claim 13,
wherein step (G?élga%?é%nélgf)sﬁé@ﬁ% Sﬁsr%férgg? %@Pgtt%%&&g?gE&ec?Pg “Fh a menory to
adj ust the shape of the aperture device. 18. The nethod of claim 10,

further conprising the step of: passing el ectromagnetic energy emtted from
the illum hati ohheswgihed of chimlghwhsreoptienc@) cempngsst having a plurality of
different illum i i .. 1.9 pRar.at us, far i Qving line wdth
control in ali ﬂ@%?ggﬁéggﬁﬁgﬁg?&s %@%ﬁ?é@H&ﬂ%e%ﬁ?g&ﬁﬁgﬁéFgH%r optica
transformelenent that forns a pupil plane, said one-di nmensional optical
transform el enent having an aperture device with an aperture | ocated

proxi mate 16 théhpmsthodnighemds. wherginotien (O)rompEsesnal transform el enent t hat
vari es the angul ' ' [ of 0 I.G..eperqay.entering said
one- di nensi onal a@%%tﬁ{égtf\é %}Fagng?c[}lrenﬁpgvgﬁg’%%gd Oar;gletg%gItl uﬁla‘radgﬁé.gé{tﬁ%{ $Lerhe appar at us
of cl ai m 18jechrathigietic emrpy hishofhagplaptpredimasl enkdivafdnatagehanges the parti al
coherence of electromagnetic energy entering said one-dinmensional optical
transformel enent, said

17.  The method of claim 13, wherein step (6) comprises:
using precalculated data stored in a memory to adjust the shape of the

aperture device.

18.  The method of claim 10, further comprising the step of:
passing electromagnetic energy emitted from the illumination source

through an optical element having a plurality of different illumination regions.

19.  An apparatus for improving line width control in a lithography device,
comprising a one-dimensional optical transform element that forms a pupil
plane, said one-dimensional optical transform element having an aperture
device with an aperture located proximate to the pupil plane of said one-
dimensional transform element that varies the angular distribution of
electromagnetic energy entering said one-dimensional optical transform element

along an axis.

20.  The apparatus of claim 19, further comprising:
an optical element that changes the partial coherence of electromagnetic

energy entering said one-dimensional optical transform element, said



1 3 JAN 2006 -22 custom zed optical element having a plurality of different
iI'lumnation regions, each of the different illum nation regions having a
different illumnation property selected to reduce |ine w dthlvatiNaliifons on
a printed substrate. 21. The apparatus of claim 19, wherein the shape of the
aperture is adjusted based on detechged variations in printed |ine wdths
formed on a phot osensi ti ve substrate of a wafer from corresponding |ine

wi dths on a retléi The appar at us . of clalmlia wherein, the shape of
the apert uf&iqnmaiz %Rtncal clgmanttasingapwrality afiallerpreillimmnation segioRs ed by

repl aci g &lcnlo?ARtqifeA SLAMRL SRS ARSLLMIRARVIRSinARn The appar atus of

claim 19, erein the shape of the apertu ynam ¢, and the shape of the
aperture iproad]twmimbdus|r€@c&hnamedmwaaammmbnmlprrmasiulubstra’lé The appar atus of
claim 23, wherein an open-loop control systemis used to adjust the shape
of the aperture. 25. The apparatus of claim 23, wherein a closed-|oop

control SY% em g, bb%%gatu & Adhust v%@?eu?ﬁ@@ﬁzgﬂ (fg3$k§ ﬁ%f&t M 8]&31%9 The

apparatus of clal erein said apertur Is an adjustable slit
devi ce. 27bds7£dhenap1paeavmsatmmsm puiimed Hne Wiﬂthshbnne@upmphbmgemntmrmry t hat

stores prec Icula ata used to adj e shape of the aperture of the
aperturg d%‘&i awa er from Correspon(?né Hne wuphs onaPetlcP P

22. The apparatus of claim 19, wherein
the shape of the aperture is static, and
the shape of the aperture is adjusted by replacing at least a portion of

said aperture device.

23, The apparatus of claim 19, wherein
the shape of the aperture is dynamic, and

the shape of the aperture is adjusted using an aperture control module.

24, The apparatus of claim 23, wherein an open-loop control system is used

to adjust the shape of the aperture.

25.  The apparatus of claim 23, wherein a closed-loop contro! system is used

to adjust the shape of the aperture.

26.  The apparatus of claim 19, wherein said aperture device is an adjustable

slit device.

27.  The apparatus of claim 19, further comprising:
a memory that stores precalculated data used to adjust the shape of the

aperture of the aperture device.



