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FI ELD The present invention relates to the field of
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shifting photolithography systens. BACKGROUND ART
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offer longevity to aggressively shrink the integrated circuits.

One promising technology offers a partial solution for amortizing existing
investments while providing sufficient longevity to shrink the integrated circuits. This
technology uses lenses and a process called optical processing. The size of integrated circuits
is so small that the light used to transfer patterns from a stencil, or photolithography reticle, to
the wafer behaves differently. This different light behavior perturbs the image transferred
from the photolithography reticle to the wafer. In order to use existing light sources in a -
lithography system or control incremental investment for a light source, other solutions are

required.
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FIG. 3 is a cross-sectional view of a phase shifted illumination from the phase shift
component of FIG. 2;
FIG. 4 is a semi-diagrammatic view of the phase shifted illumination of FIG. 3;
FIG. 5 is a cross-sectional view of different diffractions from the reticle of FIG. 1; and

FIG. 6 is a flow chart of a system for the phase shifting photolithography system in an

embodiment of the present invention.

'BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough

understanding of the invention. However, it will be apparent that the invention may be
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Shrinking integrated circuit geometries drive the dimensions of the patterns of the
reticle 102 in the order of the illumination wavelength causing diffraction of the illumination.
The diffracted illumination is shown as a -1 diffraction order 112, a 0 diffraction order 114,

and a +1 diffraction order 116, Higher order diffractions are possible. The -1 diffraction order
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in FIG 2 of the 180 degree phase area. The 0 degree
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shutter 212 of FIG 2, r,= 9 {o pr VI de equation 7.
r32 = 2r22 (7) The apertélre %hutt éf) 210 and the phase

shid tp&RrRoRRALr 10O FRY tRE PHaSe ift F@hfHoh&iSNO® By tdrevide a
no phase change or 0 degree phase illum nation wth

relatlonﬁep ofithernor pldisel shap@e or @rc@);reamﬂlasdméluimmaémﬁew&ntbé wm|1@@us 402
uatl on .

(r3) aqdntga éntegfu%ﬁﬁe f@ﬁsdﬁglg&%f‘ a%gx?rﬁ%se% ip Ceﬂuat é‘fﬁ ?? uﬁxgrovg the image

quam)tquﬁlo@bh{égt}{e@e@ﬁl n is shown a cross-sectional view of
fferent diffractions fromthe reticle 102 of FIG

1Ref¢'ﬁéigdn%n§)| &Ha- St thersinpiy sk doferaspcqtiopplcviewrf different
diffractions from the reticle 102 of FIG. 1. The dimensions of the patterns of the reticle 102

are in the order of the illumination wavelength causing diffraction. Larger dimensions of the
patterns of the reticle 102 decreases the amount of the diffraction of the phase shifted
illumination 302 shown in FIG. 3 incident on the reticle 102. The cross-sectional view shows
a first diffraction pattern 502, a second diffraction pattern 504, a third diffraction pattern 506,
and a fourth diffraction pattern 508. For illustrative purposes, the cross-sectional view depicts
four diffraction patterns, although it is understood the diffraction patterns may be continuous
and may not be constrained to four diffraction patterns, as well.

The first diffraction pattern 502 includes the phase shifted illumination 302 (shown in

FIG. 3), with an inner ring 509, an interference area 510 and the second outer ring area 300,

diffracted into a first -1 diffraction order 512, a first O diffraction order 514, and a first +1

diffraction order 516 for predetermined dimensions of the pattemns of the reticle 102. The first
-1 diffraction order 512 and the first +1 diffraction order 516 overlap the first O diffraction
order 514.
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causing diffraction. Larger dinensions of the

patterns of the reticle 102 decreases the anmount of

the diffraction of the phase shifted illumnation 302
shigvecomi Hkfactidnipantrdeint innudddehd giase bie ftidd Alundingtion 302 (shown
cross-sectional view shows_ a first diffraction

in FIGp gt with thspipnergrings h dhwrxt?rfca%rtcr»@ﬁeap%kq apdhthgggeond quigrripg area

306, dgfhfar:t%@%{%gzg &%tdt ?rcf f2%6on 01%1@1d5198 LQUES @Bﬁﬁﬁ&ﬁ)‘h' dtller 520, and a
attern or 1 ustratl ve pur poses,

second: roskffimeddn onial 592 duv depliotisiofsarfrihel Ipﬁlftafrasbf dre reticle 102 larger

patterns, althoygh i S unders the diffractio
than tREa R SapsE e T REGULPA e (i A et s ASDh ol fog gatterns
of the té?c ég@ W2 EHednk &S i @RCRA LR NBat (RSsdvBhd -1 aﬁﬁa(ﬁtidnsﬁrd%r 518 and the

raction pattern 502 includes the phase sh
second Wi uhifriatioronrd30222 sivopra the sédo@d Byliffredtion @rded femore than the

ovak%quP§$ ﬁg?égggé ergnce area 510 and the second

ffracted into a first -1
drfd ﬂhﬁﬁtdhi‘ﬁ'?act%rﬁ te@d‘-?@() Achidesthe ghéjdefsf]ff&@tlllﬁ}ﬂnﬁﬁ&ﬁr’BOZ (shown in

t
514, and a firs$g+1 diffraction order 516 fo
FIG. 3predletherinner efdlgoﬁ(}?eﬁ@n@tnsfer@ﬁcq frea pHY ot the S@¢0nt:1w@tel ring area 306,

diffrac{t?eftjn?(% ]iio 1 %Fﬁ?z*clngg tolr%err] 5or de?lﬁr@a(gélfﬁgctﬁ)ﬁdo%@ﬁ%lz%r %pcfj Hlil‘d +1

dlffradﬂioﬁfdra&{ 5 f01 ahd limbdsfonsbofTie paae@pdfdhé frét&ﬁé i1OM larger than the
pattern 504 includes the phase shifted illum nation

patterigogaugia shh second Fitactin pagierth S¢+hel enlaeger dimensimoot thpgatterns of
2 on
r oL P4 B D8 ARCTAD, 000406 DAY PULRI 12038 68 i i
+1 diffh8iomosiec ST8 o Certliph tlitcadird andidf sieion 320t Wodnare thec dredoverlap in
+1 djffraction order 522 for the di mensions of the
the se¢padidaifiagtion Patlsen »&t-i cl e 102 larger than the patterns

Calle forlllgthtdqﬁ#achﬁé bﬂtgéllfl ﬁjb@%c‘l%s E’rﬁ:t eﬁlﬁ'é@ sfﬁﬁgd llm o) (shown

di nensi o patterns reticle 102 orns
in FIQ. éie),swdh filfier mati omg §O&;I’th¢ hactrfetrbm:esae@oﬁw arkl thiefsbeandt duder ring area

der 518 apd th econd +1 djffr n d 5
306, ifciedggor Rusheo TGeam PRBES b GRERD GB6HEP T G2 and a
fourtht’rhedlfffh\éﬁfnll 8Rict 534 P thd ditdendbis (ﬁ"iﬁé bﬁfért@@éfttﬁé fbti@@zi 02 Th€er than
hird diffraction pattern 506 includes the phase

the pashnnfs ceging the nhlnahdnfﬁmctsmzoa(tsﬂmoim iThe lEp@ digppsion ohtheipetterns of

e el e PO S SR RE P2 B b 30 and

fourth- 431 et dctda ok 508 AQErlHpd4he foutthiv @ fPactivh fok@gtszeRvelideiore than
26, and a third +1 iffraction order 528 for the

the ov@rlnfe fisthe rﬁhlrfbﬂlffih@tzq@anattteﬁn@%mzm@veﬂ@p iof [tlee fhgpth|daffigetion pattern
508 p@gf%@%ﬁ%@&ﬁ%&%@ﬁr&? g SN fﬁ acﬁor? Spd%nggvﬁ gl 'El%t fto‘.ucﬁ? +l dlfﬁacuon

rger “dinension of erns
order 8w reticle 102 fornB | ess diffraction such t hat the
third -1 diffraction order 524 and the third +1
diTh¢ rladifiteniiopragder HAIRIEr Il #pd thers! dHfraetion erdey | Eref Bie. 1, as

well a rh?g%r aclt%%r H‘?fr%:t{oggnaré 8%69%?}5 BB hiont &%1{%%8&@ uch that the spatial

'on pat
frequency variation from the patterns from the reticle 102 may be imaged to the wafer 104. A

comparison of the magnitude of the nonzero diffraction order from the first diffraction pattern
502 to the fourth diffraction pattern 508 indicate that the image quality may degrade. A

counter to the potential image degradation with lower magnitude of the -1 diffraction order




The fourth diffraction pattern 508 includes the phase
shifted illumnation 302 (shown in FIG 3), with the
inner ring 509, the interference area 510 and the
second outer ring area 306, diffracted into a fourth
112 amih@ i iBGEHor60EI6 18 Pacidy froddtérihi Redlchftérant pOBrRI A& shown)
532, and a fourth +1 diffraction order 534 for the
on the g¢tidhtiZons of the patterns of the reticle 102 |arger
than .the .pattern Sj t [ ' L.on.
Fate pROEORE L haf SHCbRe ST, Eothighel 106 Qblito H1G. 2) may
control the difftacGdecdlfl bpmeacti@s 3 08lishdhr that invslitsdichl thbatdiffiaetion order
fourth -1 diffraction order 530 and the fourth +1 .
114 isqrquek et sHmoeldbe agmlitedeee] s | 1dilracten offep and the +1 diffraction
i ffr i - :
order £ {2 pA A Ber SO e TRy B TR HHE Lftrast value
of 1 on tie Water 104 fikih: filiaetticarns (fahd mtinle 19QABcpure iode theaninimmirminmrensity,

_ f the fourth -1 diffraction _order and the fourt
siven By G ppveaes Fewerotf%iformﬂn} Phell %eo‘?i%%fc&@?i% Sarcdpjured by the
second%}%gggys%ﬁiI%S@ﬂgerbh?hé]an%lftﬁ&ea% N 0O e84 ctidd Gor@dr FlGmay be

I gher order diffractions, are
controted esthahy taitd! |amil inatei adithe O nipgree pheseswd H 80Rpraepdase illuminations

spatial frequency variation fromthe patterns from
along PHE Bt OL B G BIFHEENY (o the wafer 104. A
C]Q@f@ﬁ’fd%gsrﬁﬂv Rf Fidhe, Radh tysiRvaf a 1be dhanze raosgg%ﬁlf 60ACHot @ phase

order fromthe first diffraction pattern )2 to the
shiftin phetohithdigfaphgeydten 1patn ex embodmiendbiche presemtinvehdon. mhlefesystem

. it degrade. A counter 1o the,potential. |mage

o0 inflif B HFh PPl Host i AP Rbp A BR phose
shift c8f@6hent mokilfZesanporlibe of thedbf the AGkrh@datied des differt hase in a block

pl aci ng predeterm ned scattering patterns (not shown) .
602; gnl tCh@twlgtlg cine ap@ure | shukers opelbp Rliase et egniwaentt pedifying an
. hase ifiL i G )
B e s S e

t haks verpldidcodaedthat the Resdhf ihvatioh dusdiad @umedlid agects.

equal to the sumof the anplitude of the -1
iR faSRRAE iothab Higet CeHb IVSBUOTEINRION ¢y hetiTgse quplfyrirapgfgrred from

s L

and cdfolfingnadtihienplatitahsnedsthbe. ki phae 102t cooyroserdtr oway control

the mni.mumintensity, i ven_ by .the inverse Fourier
destrugty e IR MO B S0mmn 1 ARG OB o 1 Sty gge of the
phase Qi el §11uARGART nli SRRz &Y S8 Meddkéiivefin@BER@ncel D&V thé YARe shift
of the O f d 114 may be I th

diffraction order y controll ed wi

illumitdient poeidenagditionsd eaprbilityeto Gapley 8e phadeflremudndgOon the reticle.

. .degree _phase illum nation al o i t.h the appunt, of.
This iRCRT SRceBe AR FROTISH. & A e T AP o boc PR g biteh of the
pattergsnﬁ-rtgé' kg, shown a flow chart of a system 600 for the

phase shifting photolithography system 100 in an
eAboitienapectds thehenpokekiite dpatierstshoticr. Pitlecr opEea omponents, such

as a low pass filter or a high pass filter, may be used to modify the illumination that may also

be controlled by shutters, such as an interior shutter or a perimeter shutter.

Yet another important aspect of the present invention is that it valuably supports and -

services the historical trend of reducing costs, simplifying systems, and increasing

performance.




600 i ncludes inserting a phase shift conponent in a
path of an illum nation, wherein the phase shift
conmponent nodifies a portion of the of the
illumnation to a different phase in a block 602; and
CDIsE Qinkli diferavhl @dd®y hipebts SITULE Siresoht nkentphasmsshiehtly further the
conponent nodifying an interference of the
state of fhaashiglagyrio ahlgagties ket If¥Fhat i on with the different
e 0 e [ - t
PEES I Prrhene ety e BT R Bl o g Bhod and
appardtss 4flthé pthentpresdot firnisk itponarit apd byresfdrbemknmge and unavailable
qual ity transferred fron1 t he lj&gterns on the reticle

solutiqns, eprdojlgtesy a%,@@tlﬁageﬁs{gcgqs@@ pﬁlﬁngxlpgegfartﬁjl circuit geometries
I

while k%%mgégﬁg%g@%ﬁe%ﬁmwe%ﬂeggsg nglﬁe?l#e%ﬁlfgg%‘gg%g%s'eg BRY configurations

are steagittfoowarddesstraftective wmbmpﬂieate@chigbhyovérdamg asldnﬁfécmws,t can be

order  di ffraction t.h rea t he hase
impleighited B oERT G A OO 7 G P gRe Pt icg dbr Siienty and

econoinitafly FRLRIESuERNES cel] suchesPRRp AN ifduits,| thhufL P&k Iﬁihufactured
provi des additional capability to capture the spati al

with cfgtleqlupmesgglgowdurh@uqsamdcfuély co‘nhpagblenwrtb\,c@gv@rﬁ@nai manufacturing

contr st aﬂg resolution at the wafer allow ng the
p“mm%%%%1 ﬁﬂ“? @'Pitch of the patterns of the reticle.

ANfilREhe ASREEIN haS Heb® d6RAbEDIn @hjlnkBodRehtalpRcigidWettghode, it is
O her gtlcal conponents, such as a |ow pass filter

to be gndegsthp hhqja@@nyf ﬂlFetr@?rtWeﬁalyoﬂ)@C@FSCé’é ey Wéﬁtms i be apparent to
those Sklh ci“m”&}e' ao 1 | or S%Qéofgpln%rede%& t{ogl lﬁ(gcopcy P]%lpuﬁtlg fritended to

as an I'meter s

embra?(@hli e ah&-:ﬁndtﬁ’@@ kicRiMicatis pe ahd Ohr 1zttiib€is Wh&fﬂefﬁti withig fiiel R6pe of the
is that it valuably supports and services the
includgd ﬁwC ahlltmaises Brhgriaderei s fords higreins piphhqwty fith ghe accompanying

drawug‘%ésdti ElPbe AT e{éﬁ IEAY {ﬂlgtr?t%rafnﬁ SRR tin g ségg@ se and

her "val uabl e aspects the present Thnvention
consequently further the state of the technology to
at |l east the next level. Thus, it has been di scovered
that the phase shifting optical processing nethod and
apparatus of the present invention furnish inportant
and heretofore unknown and unavail able solutions,
capabilities, and functional aspects for shrinking
integrated circuit geonetries while controlling
addi tional capital investnents. The resulting
processes and configurations are straightforward,
cost-effective, unconplicated, highly versatile and
effective, can be inplenmented by adapting known
technol ogies, and are thus readily suited for
efficiently and econom cally manufacturing devices,
such as integrated circuits, that may be nmanufactured
wi th optical processing techniques and fully
conpati ble with conventional manufacturing




processes and technol ogies. Wile the invention has
been described in conjunction with a specific best
node, it is to be understood that nmany alternatives,
nodi fications, and variations will be apparent to
THE INVERETERY iegdMED the art in light of the aforegoing
description. Accordingly, it is intended to enbrace
all such alternatives, nodifications, and variations
Whl ch AajphsaMnifting pB@t%hﬁl%@ﬁ%h?Eysttélﬁ coﬂnaﬁélﬁged cl ai ms.
matters hithéertofore set forth herein or shown in
imeeraog @mbamhﬁg cordpcawnhg!sa patle of en Phiminatemp e the phase shift
illustrative im.tin
L v st enf R R ol PP G SIR: ol Bt ek phase
syst emygonprising: inserting a phase shift conponent
|n a path of an illumnation, wherein the phase shift
ﬁg}g aqmrtm‘e@@uﬁermf the pheseshiftsemppner anodifying an interference
' l | um Qlat‘ﬁc ﬂﬂlr{n%at%nf elntd il ﬁﬂ%lgﬁgﬁﬁﬂth ﬁﬂ%f‘f&@ﬁ{ p%lagé ng an

apert ure s ase conponen

TP U B RO ﬁz{nﬁe@elgff% AL e B GR  Rponent

in theaﬁatmcﬁ" B d11bMidekioh Bohpahey BlalinNGer $Habd shifie cARa&Rnt next to an
ft component in the path of the illum nation

lllumlnaitmrspg@s pl acing the phase shift conmponent next to an
illum nation source. 3. The systemas clained in claim
13.wher 'd?hmsjrstm r$ Clagnddne cbmslewshiclit insotipg thenthasd shii‘t kkemponent

. a e.illumnation c r oduci

i the by e SRt B PSS s 6. 51 e pOER i githe phase of

the potif dﬂth@muﬁamm Hwhé ﬂ%g@@lﬂﬁeco%{po&bmconponent 4. The
systemas clainmed’in claim1l mhereln controlling the

aper t uipfe §%‘1’érg &L cRlimed n?clﬁ&?ﬁewﬁa fn coﬁﬂHﬁﬁlEQH@ a?ertuhe shutter of

conpri ses ucing a mnimum of an intens
the phasndheft cofmpanend hampnsﬂmpﬁ“cbchmng 4 ommirmadm ofan szenfhg asthsteenter of a
as, clal med in claim1 further conprising formng a
phase ghifted 1 gﬁ%@@ﬁﬁ’ region of the phase shift conponent
passing the illumnation with no phase change and
f &r ni né hey syderB g ppd ap claayi b furgrer tCH’élPEiﬁlag ogppgta first optical

s ke L RE 5, e Vo

formusg/ at RodRDOPticad iragon iofse tohage Shllﬁh asﬁpdii&mf thiGonptnreptiase of the

a path of an illum nation, wherein the phase shift
lllummation by 180 degrees.

0. A phase shifting photolithography system comprising:

inserting a phase shift component in a path of an illumination, wherein the phase shift
component modifies a portion of the of the illumination to a different phase of
180 degrees; and

controlling an aperture shutter of the phase shift component modifying magnitudes of
the illumination with no phase change and an interference with the

iHlumination with the different phase of 180 degrees.

. The system as claimed in claim 6 wherein controlling the aperture shutter of
the phase shift component comprises controlling an outer radius, 3, of the illumination with
no phase change in a relation to an interference radius, 1z, to the interference area following
1'32 = 2r22.
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conmponent nodifies a portion of the of the
illumnation to a different phase of 180 degrees; and
controlling an aperture shutter of the phase shift
conmponent nodi fyi ng magni tudes of the illum nation
w.t h Mhdhiaeem shdngedandlzan d whaehanamig: thictphadehdift component
) illumnation with the different phase of 180 degrees.
in the path phan gt aaHASCOMPAISHEERATAVIEE AR HB2SAe8H ATt N a waler.
controlling the aperture shutter of the phase shift
cdnponBmt sysnpad geimeddntclan| G wheram ivseriéng thadhess, shifg component
hase ch

. of , t il lumpation wt 0 e i

inthe pigh of gl p B k0 2pies dre el i Eec POPG Fofr
interference area, follow n r32 = 2r22. .10.8. .The .
bt erfbebTeas Adiamet Mt e CRENE: FirHiauRd IngipR@ptical fiers

for mdAf9RE R flnig@mRonent  in the path of an illumnation
cofpri ses i nproving an i mage contrast on a wafer. 9.

The sy el al ! ' l:n.i.nserting the
s, A Rl et OB at PP nat i on
comhases elsifidootapomgt an 4 page opi dnc Hlunmnationg fvelereid Othe Tpiease shift
s TERDb) o T PR ST JRRTRRE £ airret phase
illumpation. 11. A phase shifting photolithography

system conprising: a phase shift conponent in a path
odn aperivré whutteatdfothe phbsr diift ¢onepqphsis® shiliffy ancoreplerewt of the

nodi fies a portign of, the of the,illum nation to a
differgmﬁnﬁﬁﬁgépgt‘h uﬁW“ﬁﬁ@W?B?%egﬂﬁ??EPhﬁF‘the phase
shift conponent to nodify an_interference of ,%he .
i 12-uni ‘R $oteraas clafaed 1 damal ivarTein die piee diiftconypnent in the
19T . . . _ .
pan o135y FSL D A2, h R HARRSL s

it SJ um f‘?&% Is L g os“%faiiﬁgf int HSmP ?g%ﬁﬁ%h E@esﬁgig?%ﬁnfog{bﬁ%%m in the

an | natl on source. mas C

path off BheCiii@biimdtioh dvgiBeda tBe dofies enshifiddtios @fpiengiiie b tiideortion of
_path of the illumnation conprises a 180 degree
the illypigtieehy thephase thié cyRBYENLf t he portion of the
illum nation by the phase shift conponent. 14. The
sifst enTas systan pe¢laimed Frarlainn 11 wikeseisithe eprstusgp elrutigr ef the phasce

.. Shutter of the phase. shift. conponent, co .S a .
shift. AR GPmPHEEhg: By 1S RGTPEY B 8 pilge Car phasg shifie
illumihdtlogm nat i on.

15. The system as claimed in claim 11 further comprising a first optical region of
the phase shift component passing the illumination with no phase change and a second optical

region of the phase shift component shifting the phase of the illumination by 130 degrees.

16. The system as claimed in claim 11 wherein:

the phase shift component in a path of an illumination modifies a portion of the
illumination to a different phase of 180 degrees, and

the aperture shutter of the phase shift component modifies magnitudes of the
illumination with no phase change and the illumination with the different .

phase of 180 degrees.

11




15. The systemas clained in claim 11 further
conprising a first optical region of the phase shift
conmponent passing the illumnation with no phase
change and a second optical region of the phase shift
CONPONER syskink bk REbhBE ipblae 16fwiidi€inithd updrnaé klantebyf the phase
180 degrees. 16. The systemas clained in claim1 |
shift opmppas cowesepsr@s@t@wa s dorfidhe Atuminalepyith “8fph§¥f~‘ change in a
1elat10|tn|t£) Hm&ﬂg?érg&ewﬁh e%o qu%}fgx%ﬁc@éie{i Iﬂﬁlo 1!1%%””@(53 on

erent egrees € aperture

rrgégtnltte %Feéys taﬁ §P altyip pn Ik C?gpw%%?qt he gh sk Shift %omnponent in the

umnatiron w pnase C

path o® 88 il @ natl dnWddpaisbPdh e cbﬂﬁzsdirﬁﬂr@ﬁ@i‘@n a phase of 180
degrees. 11 17. The systemas claimed in claim 16

wher ei nd BRiapas tiiBe® LRSS 10%wHhEn PREs e %Hﬂfﬁ éomponent in the
conponent conprises an outer radius, r3, of
path off Heulumantatiom covnphses an phagepitchalegeleil ona watel. at | on to an
interference radius, r2, to the interference area
f @(I) | owirhg sy@em=a2rk@med 8o clim $§ stuetherasompasingdpiioal filters for
%%% ﬁ?ereln the phase shift conponent in the
mOdﬁB@F%* thg HY"IPE¥iTat i on conprises an i mage contr ast
i nproved on a wafer. 19. The systemas clained in
claim 16 wherein the phase shift conponent in the
path of the illum nation conprises an i mage pitch
doubl ed on a wafer. 20. The systemas clainmed in claim
16 further conprising optical filters for
nodi fication of the illumnation. 12
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