PLASMA- BASED EUV LI GHT SOURCE CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains
w@ereosnddly7t o U. S. Patent Application Serial NOPCT/US2006/060042
11/ 252,021, entitled "PLASMA- BASED EUV LI GHT SOURCE, "
filed on Cctober 17, 2005, which is incorporated
herein by reference in its entirety. STATEMENT OF
GOVERNMENT SUPPCRT [0002] This invention was nade by
government support by U S. Departnent of Energy G ant
No. DE- FA03-98- ER54460. The CGovernnment has certain
rights in this invention. TECHN CAL FI ELD [ 0003] The
presently disclosed subject matter relates to the
provi ding of a plasma-based extrene ultraviolet (EUW)
light source. Mdre specifically, it relates to the
applicability of such a light source in, for exanple,
lithography. BACKGROUND [ 0004] Lithography is used in
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reflective materials instead of refractive ones;

[ to do with optical contam nation,
TE(H%&E@?iﬂﬂ@ﬁj)vacuun1environnent Still other problens
a[(mgg] ' 'Th@?i’&éntBhﬁQdﬂ&steH@ﬂbjeMﬂtﬁer aatEY RO PFR R EEONPPlasma-based
produce fraction of "the sug%ested manuf acturin
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he entrance of the optics

ight e S o eRe Blnel  scte.  To sol ve at ©east the

Iast of these problens, it would be advantageous to
BA(H@G@MT@NDNarious plasna based EUV |ight source
mechani sns, whe for exanple, the desired EUV

méﬂﬂ@r‘bnéﬁhog;ramhlsals ecd aehe monAguE ¢ fdatcppigdreigtth Ut is used to
transferRYRhit patterns from a mask to silicon (or other equivalent and alternative) surfaces. In
recent times, for optical lithography at least, the characteristic wavelength has decreased from
365 nm (nanometers) to 248 nm to 193 nm and is currently migrating to 157 nm. Ata 157 nm
wavelength, for example, features could be printed at a resolution of 100 nm and maybe even at
a 70 nm level using phase-shift masks and optical proximity correction.

[0005] EUV light can further extend optical lithography by using wavelengths in the

range of 11 to 14 nm, allowing for shrinkage of feature size. For example, a 13.5 nm EUV
system could theoretically print features much less than 30 nm. Operation at such extremely

short wavelengths, presents a number of problems. Some of these problems have to do with
1



in, for exanple, lithography. SUWMMARY [0006] In
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in, forEgymplewbthoguapput . Large power output, in turn, can be
used in optical |ithography for integrated circuit
acture. [0007] As for the types of plasma used
SUBJQEﬁy¥he EUV generation, such el enents as Xenon, Tin,
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been done hikh¢roherthe art k Bzgh pralogesd plasso subtsiane whinth msy boa function of the
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eneration. For exanpl e, one such apparatus nay
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interstice of the electrodes, with the aid of voltages
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kilohertz (kHz) range, if so desired—but is not strictly required, given the amount of power
generated by the plasma pinch.

[0008] Moreover, various types of apparatuses or devices may be used to accomplish
such EUV generation. For example, one such apparatus may have a first electrode coaxially
arranged with a second electrode, where the first electrode may be an anode and the second
electrode may be a cathode (or vice versa). A plasma pinch may be formed in the interstice of
the electrodes, with the aid of voltages and magnetic fields. Furthermore, various ports and

injection valves may be provided. For example, a valve for injecting a neutral gas (or a pre-
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l'ithography, where the plasma pinch may act as a |ight
source, thus enabling integrated circuit manufacture
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accel eration reﬁ$on to the assenbly region, as the
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interacts with the injected plasma, and the direction of the acceleration of the sheared plasma

:
’

flow from an acceleration region to an assembly region;

[0016] Figure 2C illustrates the transition from the acceleration region to the assembly
region, as the plasma is beginning to line up along the axis of symmetry in order to form a
plasma pinch;

[0017] Figure 2D illustrates the phase before the plasma aligns along the axis of
symmetry and how the magnetic field pushes the plasma current sheet towards the pinch between

two coaxially configured electrodes;



two coaxially configured el ectrodes;[0018] Figure 2E
illustrates how the sheared accel erated plasma aligns
wa@bk@ag3dibe axis of symetry to forma plasm pP(ETUh82006/060042
' c r | .
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rel ationship; [0019] Figure 3 illustrates in block
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i mpl e ted in suc stem whi ch may be confi gured
R A U oA R AR M T Sl
Digeety Py quggéﬂate\!%h'esl%pﬁ%pﬁg&/sht% orh Py SN Qh?%there the device of
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DET SIED B!ESERAHWIGN ow. Lastly, a systemfor using such
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For exanple, such a confinement system 100 nmay be a

vacuum vessel 101 that contains the plasma. [0023]
Aspectofdrghtriypures Cindigured Far feoducirigdalBV mghtrray conpri se of

g . an.accel erat.i on
L0207y ey BRREER TR Pl IR R Py st one aspectof
the pré¥e@y 8iscldeddajubjecPinadddipa i‘D-piftd” Ze@isrnhbwﬂ;Q@F@yAs tTketZ-pinch 100 is
out in the acceleration region 116 and become pi nched
a typejoh plagea £e8 BRAINGAt FYsire Hhat 1@ics ph ghq Lojentgforge taarminghi” @ compress the
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VamdsMDWMﬂcbﬁaﬂ@&EmbMﬁnqeover that the term"Z-pinch" is
us | ogsel y. . here, since, tec ally speaking, the
@&%ﬁ hACﬁ%‘ﬁl% 19 51t d A it BH58d 05 GERCOBIEISF PORYQ frgions: an
accelegéshz)g%g%lgﬁ ?2% ?ﬁ}é@%s&ﬂlﬂﬁr 1408n 198 1 RE wEMN B WRb1hindd bLIBE in greater
detail, plasma in the Z-pinch 100 may start out in the acceleration region 116 and become

pinched in the assembly region 118. The line of demarcation 102 between these regions is, of
course, merely a conceptual line, and is shown as a dashed line 102. It should be noted,
moreover, that the term “Z-pinch” is used loosely here, since, technically speaking, the “Z-
pinch” may also be understood to extend from the dashed demarcation line 102 to the end wall of
the assembly region 128.

[0024] Furthermore, an axis of symmetry 104 may be shown around which the Z-pinch
100 may be constructed. Thus, the Z-pinch 100 may also comprise of two electrodes, which in
turn may be an anode and a cathode. The first electrode may be an inner electrode 106 (shaded

in gray color) and the second electrode may be an outer electrode 114 (also shaded in gray
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[0024] Furthernore, an axis of symetry 104 may be
shown around which the Z-pinch 100 nay be constructed.
wabws/03¢ibe Z- pi nch 100 may al so conpri se of twWeCT/US2006/060042
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midP28k d ae Zgﬁe@h 1@, ppaveierd, maa(g;walprise a capacitor bank 126 that provides

potential difference between the inner 106 and outer 114 electrode. The capacitor bank may
provide, for example, 17.5 kJ configured as a pulse-forming network. With this capability, a
peak current of 150 — 200 kA may be provided, with a rise time of 25 us, a flat-top of 35 s, and
a fall time of 40 us.
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ahgne@'&ld;ﬁ 8hd é’;ﬁ?oii%%nnét!}?m%?l %&%é;&aiw&$ﬁea{tﬂoﬁlgl & kIﬁ/Q%lO cm per 1

plasma al ong the a
us) , whier ticansgbatet cangchnisin theHengil oétheraatcndrty prodwebiss eryary 10 us, if the

leneth B B gmbagreRT 11815 TG - arots lir e b egah pigerggmmercially
viableGRMPASShstRay 4160 Be eACAy WlGhel Badffyd8Eodn®zc8 Byl tRSsk skilRd EMc art).

light emtted froma given
Once the plasma has gone through this transition, it can be replaced by new plasma via a valve

(for example, see valve 206 in Fig. 2A) — especially if impurities contaminate the plasma, or if
the plasma is lost somehow.
[0033] In one aspect of the disclosed subject matter, the voltage is applied and drives

the current which accelerates and compresses the plasma. The current depletes the stored energy
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pl asma pinch, and provide it to other devices and
apparatuses, such as optical devices and masks, which
wmaqpsmsam he EUV light in integrated circuit PCT/US2006/060042
. [ ] th e
in the %EOP }00?{ (?r%arllélggg'l% TP&J yé)l?a%% cat {%He{lg r%grﬁ{&teﬁ % l[h%dsngt&% After the
quicsc@hopgiot nhe pldsmahiaysSysromt fuyistablé ,and B@d '(h|e aSIHWnV pbm@htoY the pulse (or
, maH%qb about 105 kmis (10 cm p whi ch nmeans
pinch) H3ddifignag gyremay tﬂowﬁ rough &W@@m@tn%asgsas el maygiadproduce a
e I e
useful T hI \Sﬁlg_a){ Ri@zél?i? Ehe acglp (ﬁt%c uss (5) {/Je\xp ?ll%ﬁ‘gﬁ% rc]é(asE QhQ Bwitch used
to conoodtther @ipaditoys to thbklectiodos lmmyorss arcm;telal te mahx&am&ednecaslty At this

point Tﬁelsyltc%qég%gﬁléy&) Eggc.]’,g | Ze?{bg &€ (O F Ogg%%ﬁl o 0L tfle capa01t0rs can be

recharkE@MRLfrAIQAs cad bCRLCRE, ﬂl%%ﬁ&ﬁ‘edcaﬁ%)be%ié\héd aﬁd@n via a
val ve (for exanple, see valve 206 in A)

eﬁ}ﬂéé} alAmyapeftuiierip gellack EﬁVcbght@mlﬁﬁfaﬂe' ﬁlh%iqsn)agn‘ald bgrarjapged either
| i 0033
axialy (i8S T kg LRF adtRariL i R B o RERE i B gymmetry

104, bahi celild V&S a$ bRil§ Be Neatedwhdielly &CEe | RaBELST @RWMS the ports 122. The
resses the plasma. The current depletes the stored

emltteéﬁggsﬂ%d b émareérfm tHeifehaalumpridche plasma dwéng/ B Waigscent period
and it %glﬂd o& %ftl&t&f)(ﬂﬂ%%ttﬁ% g‘éﬁ?& %léﬁ/ 1??15? chteﬁ“é {40 ﬁ Ot more, Téle collected

escen erio dsma may” pbecone uns

light, ﬁlrtdl’ﬂ; beuld ®b applidd tp leﬁddn@er@fptlbd‘lﬁ dridrae b osedpnmﬁdwmanufacture of
itional currents 0ﬂ%qfl ow throu h the rermant

mtegrﬁ? sttt snhihs ligatcovlt bornpdigd & st e@e?ruqt hegiwaters)-
F Yy, t i
B s AL 8l RS hr B M s
mechapaypac i Hooesarhlet the clekeart de:nS'Ets irn‘duy Zypiacla 1 0Qcanget meapured with a two-
intain.connectivity, oint, the s
chord @ﬁe mﬁ;qu%ta?tﬁr WHE hégaro E}F’S@a %]turg ggtgﬁtar p&ﬂ ﬁljor(rim %tétraverse the
plasm§ BRAE laldMBctér@ AP £ sdB R %ﬁ%@n bl %hhta[l@l' to 488 2“0%{13132)@76 the first chord.
i njected, the voltage can g and on. [0034]

The amﬁa@géasmw @ensity giohe écplnﬁqu ¢aght enelm detesehinggl from tyd lassmategrated
arr .o radially. In Fig.

densitfS Hifp, B 1 8H BT B IR Pl lc B Al Ty 2l o < he ai s

0f003¥ MEhE Ynakldic Il i the TOpiheh | 0B Eandse ReSulcd vt an azimuthal array
| ocated radially at the | ocation of one of the ports

of cightzpriaqgmonnied ﬂé’@n¢ticdﬁpb@d9¢adedo1@ thprpetereledtiagm ltlfheAfsmmqntloned the

plasm%(? nggﬁ ﬁﬁ%ﬁll@t % ﬁ;{?@ﬁ Eél E{Jﬁloﬁ‘ég g?ﬂﬁgg% % gﬁglr?aaf;@d at an edge

of the @xpiacidplaemd Of ireo DT diwing theﬂlﬂfétlmelolfﬁtetb@ﬂch @ldsmal rlDatteufrﬁm these
coul d be applied to condenser optics in order

probey,giPS rpuriReATidYraH &2 HelPanias therdiragrercadent .eV%lml@%Oﬁ) thy iftw order

az1muﬂ§dmtoﬁ§s %lﬂ{ Gopllg be applied to silicon or other
waf ers) 035] " As i ndi cated al ready, the Z-pinch may

pH®37He Fx,gmm b3 shgey the amolutiemslithe ng=rie2 handi slauricFowdes of the

dipleERR AL S & L schiop drrane” e EAY dptihupesn <G fyetsatons

occur @uitg} FiheE b(sl@@mbﬂfu @ﬁéﬁﬂ%l@t}ﬁl% fHoRle- an@TR AR G @@ magnetic
traverse the pllasna along a dianeter, and a secon

fluctuatomd doamishe Thay sidtblebeltamoandntzlwnﬁatﬁéw toHé uisj arsttdefines the
quiesc%rqtolge%od. At the end of the quiescent period, fluctuation levels again change character,
increase in magnitude and frequency, and remain until the end of the plasma pulse.

[0038] Fig. 1C, in fact, illustrates the plasma in its stable state, as can be seen through

one of the ports, discussed above, in the Z-pinch 100. In Fig. 1C, optical emission images of the
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The average plasma density in the Z-pinch 100 can then
be determned fromthe line-integrated densities from
w0 b@ssgorhords to be approximately 2 x 1022 nPGI/US2006/060042
3 h '
plasm%rg%ssg#\évg, c?motgﬁgd; ﬁfgtg% fgr‘ft[t%%‘l %lﬁg rneqra %91? EE cﬂwgﬂgg nofell pggs filter which

passesSlighit agth- mnerehgdls regveeh i500 pﬁ@b@@nmo dat Ql(ﬂagd’s taken ﬁl.ihtefvals of 28.5
el ectrode 114. menti oned, the plasma pinch radi

us, 29 h8 0 Belsappft aiei %‘t‘ BpyA314 B34 o @@cbéﬁa.uﬁgclmlyaﬁhow the stability of
the pl%ﬁ%&% §e§té§de9tp%}1o$8§§rg9e of the Z-pinch plasm of 1

dar 'me of the Z-pinch plasma. Data

f (0039 hmwy adbasranothee diagudsties arrahyiaett wich thés dsetigidn of the
the tinme- dependent evol ution of the | ow order
plasma behiyiara Thatauas plthg staple-period shovay in IfigoH7 porrgsgapds tp ghe stable

time sREQNSh ﬁl %13%Ya%éﬂ%ﬁt%o&fdattahﬁ Pr{é‘lBl 2, and 3 Fourier

nodes i spl acenent of “pinch current set at the
z[0840] I Ome of 812 reiul@o@serizd& fromartiyeplaggn sdenan FingCuathechn@htness of

the hgﬁh 01inrtg %ﬁ]%ﬁg ﬁ,lg H 1553,1216 aI‘fﬁthEthlﬁlgiC%gﬂtgp gﬁeﬁgﬁp%rﬂ ength of the

plasrna- Bin%h %Iﬂ@d%y%gﬁf‘édi AbwSSThd ﬁlgﬁﬁ p@e[snﬁ%eﬁﬁtf Qn&’&le'ﬁasnﬁr’[gmperature
defines the qui escent period A he end "of th

leads tquh@p]@sna pp}@h 180 % hghtlmntmfoemg siglvfgdagt agieﬁfﬁcwm‘ramgbsultable for
har a i ncr.ease in nmagni tude and frequency, and
exam;ﬁfé,?é{ ]%fJS/L]{tP? Pﬁ%‘/ end of the plasma pul se. [0038] Fig.
1{a04in ARG, plakinb WSt Al @StytpRefiles asi®e ddferhdiSedSyalbRuring the Doppler
state, as can be seen through one of the ports,

shift ofiiplstig smpuratydines uing ainEnaeing spektrameter withgp gntensified CCD camera
(ICCI%p?erca%d \%ﬂi’l %b@ H§ gﬁ?g?ﬁe géec[rlgl%e e? @56 %Q%Y\@h%rgs through the

al ned WI caner

plasmagineh apassblfquhtaﬁglewtletplm br@limngva mammblﬁnﬂ&leal
bet ween 500 and 600 nm The i nmages, taken at intervals
velocif profles 'Jﬂaét choxl- gltqggatecg@atg c:ﬁctbe @efoavq-]%ed tgziejgpn’ﬁlgle t@gazgal velocity

proﬁléTET hegvdelodtltgﬁyr ?@afl” Be ﬁlegﬁrred:ét Ehi¥ncS cgmﬂig At "”)Fl'glog%%(xtlon of the

or an ext ende peri o t'l me.
VGIOCINOpIaﬁleQVOMS arofir o har gt Ureforali fhgn detngner ssscoblyits benthat is sheared
tion of th behavi or. The

(non- qqlm%c%ﬁn&d tﬁg %éljte qﬂngp%g)p[ cﬁ]tecgﬁl%t?q:orﬁhe @In@sce_nl‘rd)erio the velocity
qu1ck19Q1%Ee%z§P1%§‘lﬁﬁn§ thd ﬁlﬁsrﬁ& BRI Ih'aﬂﬁ 1&9 QW uhﬁ‘oﬁrhe
di spl"acenent node data in Fig. IB. [0040] One of the

r B84t s Thb Swowadidalfgrowtht tirae fﬂraﬁsﬁﬁ@%emmrrs Hi up fot heirgeasured

experipi? GG Lot & o PUSES ol O A8 VR BB of the mode,
and “a!t’ ’qggfel'blé%ﬁlattgﬁuﬁ)l @ﬁé'r@xﬂéhﬁfchtafl Pcrsﬁﬁsdofq}hs%;l@ﬁbﬁgy foh ¥ &tation show a

he pl'asma, plasma density, and pl asma
stable menmeoﬁztpplr@’glmlae&d@ Lo wheh pladsos 29001 thvoEudashnd)letkponential growth

. . £i
times.¢ 'glgé) %%pgﬁ%eﬁ%llSI nEI lygl é ?}%%h%éj%tgh%)lea?[eggépﬂf qggpl%letbqaglgﬁg]uired shear
threshBid%n‘ﬁ%|tﬁ’@hﬁ1¥sc@ﬁt‘ifehlo§ %n&: R sheardebabWithe QMo RERRSYId Hhe
Doppl er shift of plasma inpurity |ines using an

qulesqenugamg dpecormrdneeree! the thpcamdntel etabilty deta @D thankesaa flow
measurements is consistent with the sheared flow stabilization theory.

[0043] In another aspect of the disclosed subject matter, the power output by the Z-
pinch is the product of the energy per plasma pulse and the duty cycle. The energy per pulse is
expected to be proportional to the product of the plasma volume and the plasma lifetime. The

ratio of the energy per pulse for a flow Z-pinch EUV source to that of a typical gas discharge-

produced plasma (GDPP) source can be approximately 1x10°. For example, the Z-pinch plasma
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(1CCD) operated with a 100 ns gate. The spectroneter
i mges 20 spatial chords through the plasma pinch at
w@roosilobilgue angle to the plasma axis, providi NBCHUS2006/060042
X] f .
may HIREF DR S0 b LR Bl B G n DU R BEg0 s fpiszoscoonds)
while tHteGRRP aiay\kelvee IVbL(m’fHdﬁll doeand Briefetrak o€ 011 yusp ik | (BOG 8d* 30 us) + (1
be rreasur{sd at one tinme durlwg a pul se. The evol uti on

cc * 0dfuy Frel ) 81- deifest. prlowid-pingh Hldesoureihonld ripdrccamichdrigher power
even vt/ltl%vlo Ifdo% ntjg’ (‘} Hat?ﬁrgcf ﬁg % lrﬁeglsl 1 esq?g g@éh As§h§ g?ﬁ{Pe dl"he V&lue may be

higherathart mﬂoa A n@Seigni hmiliercgds likhEene (om)ttye lakiok |11Yetdﬁf§sa§i§y be longer.
resulting in a plasma profile that is [ow and uniform

0042] The tll}eore rovvth time for a static

Ve [ 1 (]

' et experi nent al val ues

anﬂMQ] nepie OWt %olﬁ% o'f tlﬁe Z e100 Iﬁewcé déﬁl&eé&(ﬂ p{ Y\@\éﬁﬁ measured in
nunber of e plasma rad| us

Figs. BX pnat 1 Gen ttcausersbea‘rledl plasrfha ﬂhw&n@x@mb sirilizerpl effrervist utable plasma

configdiibns STuRgroRs! i Gl R Ee AR A Ep e 6 pdutSsignificant
EUV iI§8, \%Pfl@ﬁ i ABREASH b MBS et ctdcBhol¥yELAGId o6 S Hay hthography, as for
exceeds the theoretical I% requi red shear threshold

examplerin ggmpiter ¢fup evosRictuser @@0@:11@1 rqah@lSSEiéthglhs g@@reﬁwl bshehe Z-pinch
. threshol d t Sii 2scen e
100 is CeSPerCéa}llgftl}sgﬁﬂj bnfshtﬁﬂ%ragl)lyplg&lllagétn proc{ugg eilo%gy% pggft T v?/lntﬂﬁe order of 100
watts bh@of-awhiehfid @sfureashipemntatirs. consi stent with the
sheared flow stabilization theory. [0043] I n another

abl9d8t  Omepprectipshersed leaﬂéljweﬂ@vwaﬁhﬁfeﬁuc e ipgqemuniform. As
mentlgrfetdp(xﬁe <p S[Jggsgﬁagé {ﬂ%‘% pr(?c}utcte]c? W@%%ﬂ&?‘.ﬂ \9that lastsea{}gﬁrgiyﬂfﬁsr This

lengthi 6F tivdoi8 @é@@r bPa lﬂ&t&rdmoo@ b%i&t'nyﬂlﬁhgt thet h@d@ ©3M1§ro@ucetihﬁ the art to
| asma vol ume and the plasma |i1fetinme. The ratio of

date. gh%h aknggd pemtenanecoftagplamms pigah zndihaepsopiateddddy seisséon can be
char gepr oduced pl asma ( GDPP)
dlreCtlglh%?h%I tcogsﬁlE géeggé}lox n'ghgl y 1x1 05. For exanple, the
Z[(mmip h Fgluassrtaray? henpdaia ovio wagen ohicBGAeared plasi €low can be
ntinmeters) and.its |jfetinme may

accomplishgdo setrbRE Y Kigide ¢ @%@W%ﬂgﬁ\%d 108 (amedinrl A of the
accele%ho"ﬁr}gglan h ﬂ§ ghd ﬁﬁ% astenQ)rl}lre@‘On ll-ghfeﬁ]i;ecﬁ%gl% ﬁmﬁboo(are depicted.

. I n~Tact pi nc
Ani mmin l@teetafoémm id ipa o«m@@ cnnrﬁgurhm@h'erth powetcr elgetrodei 204, @s mentioned,

r.d t clLe than, tr nal cha
one of R B0t S8 el s b R e e Criaten A SHtEE iy shown.
whlchaaueev@\gmogg@& dxbBliRaRMI gage}o bd MfecRIdaamR IHi@bHdER3 between the
be | onger. Aspects of Produci n% EUV Li ght Based On
t

inner dpdimde@0PRG fhs (AGWIGO0AP0dOnER SRS Cpfileanaste achss the line 212
demar'gatPngltﬁe %g'c%%réj[eVIr% elogﬁgg%tsfgr% ge élrlszée ib p}ll 'rAe ?or}ldH a%ou E\%%tuaﬂy line up

along ﬁfe@is dfayaingdatyl 1100 &tnD4 AgiindhSgadmnst abl e pl asma
conflﬁuratl on. Stabilization of the plasm

c 7 huNget big. 2Brflepisénthp egigeing 0b Sfpﬁaef‘diu&@msﬁ oW £ Dagnthe gas 208

has be% %g%ll tlé(é‘?”t@g't SZS 32\{% OE@@% ; t;ﬁ%le? Zc?Lolﬂ ze tﬁ‘e ?ééclﬁto a plasma 209.

The plasma 209 conducts a current between the inner electrode 202 and the outer electrode 204

:_ ;;— -

and this produces a magnetic field (B) 224 in the interstice 203 to the left of the plasma 209
shown in Fig. 2B. The current and the magnetic field interact to produce a Lorentz force which
accelerates the plasma in the direction of the illustrated arrows 218, 220, and 222. The magnetic

field and the current density have a radial dependence. The result is that the plasma 209 is
9



exanpl e, in conputer chip manufacture. One of the
reasons EUV |ight generated by the Z-pinch 100 is
wes@sos@abty useful in lithography is that it cREI/US2006/060042
ce h r. - t r. of t . .
acoel ENGR ARTHE GG PR S sp PRs 4o B hogyniform wideh
of the pRMAt200f It'shbealdrbediotdd, BRewnevek | tha ansipp i@l magiedic filetedudd just as
. non-uni form As nentioned, qujescent plasma can be .
casily he 3edrdela PEayedhcHakilignghprrgtcrisaetad the pasne- 4gameus acqglgration
techni I isibh ' [ | 0kt Rt Qe BY Ghich is di iti
cnni SRR cAIRAETRy) B ALK Bl 30t Bl DR BF B s o
but m&ulyrexpmplaoypnged mai nt enance of a plasma pinch and the

SIS S8 B Felfiy = Poiett g e BlRe pfom 09 s non

uniforBXPIR! Br@RArdeYs 1 NPWIh&R “Shgaiaddil 861 ihtcQWeC 208, BEginning at the
acconplished. Starting with Fig. 2A, the upper portion

axis ofi @mmetnd vHIRKS (s Oearrd gping W) togthe iitver el of theanitaelactgilon04, where r

~x (N pREReoGn e dnpt e 8 Boen ek SBPBE IR !302°0 g 22 e

force 2 LArdsBihe GRIfIf GYinaictrO 2 104id e dRoiet B dehefré TR wlfbst the outer
nenti oned, one of these electrodes can be an anode

As
clectredeOd e thstwrake st Afe trngth eramemndade af higvoetongadicaes fasegnstrength).

. LG r r
i R, O B o BT e IRl 28 oA 200
e[00d9] odac Rkar diadistdeacratetelie & tetridialey 2O¢ing loeclgasor2fdBee, which
can the aneagcross the line 212 denarcgting t he

varies g8 d dl'e 28 PRISH 2PRYS: Hids tBoRuss i asEazd £ JEleef P dadRo to
sl PUEEMALL pURE PR BRSSP PACTORL prions o

and Bi(the niregetnficld) vdrics hedr ed Mplrasirg if hoather@spert phthegas OB subject
has been injected in the interstice 203, voltage is

matera 35 i B G SemPRRO RS BT SEA e dainsdolepiE refon

transitit asz@%lg ARG TS ok UueHis RALVWREDiréETRIWMGEr also tends to satisfy
el ectrode 202 and the outer electrode 204 and this

the sheprdlngstedd forstalpey i &V4 1 d&1>d0.0B)Vag@herierk i e dxmtl evayeinpmber, dVz/dr is

03.t0 t left of .the nlas shown in Fig.. 2B.

the radiEhng ordfs LMy R gL TRy RV TR ARt Bris R giasma
a[ 0030 NSy, Whd @n@&@&if@lﬁ@él@@rddheam it $HeatcdPlasma 209
direction of the illTustrated arrows 218, 220, and 222.

flow. i cxragtietthe innpetlectends 20Rés wugatkA24 deswsh eyvaybe ibhelps in the

. adi The. r Ny
wansif el Shy BRBRE68 B8 KPR ahy b o P RSB0 g Bhards the
endingrplaceirpuadthearishd sgmert? 10 ompwhichiif willevehtbhy adsetnbie.

pl asma 209, Li shoul d be noted, however, that an

a9 b FiragRet!perasdhescepiVpersih eyl aegsry pagretigdigthi224 koeps
pushiﬁrﬁothé gga@&\!t 20b Sl &l lak LYo r %mﬁ% 8 b %4 tdrth a@i-pti&ﬁplasma. The forces

asfma. Various acceleration tethni ques are envisioned

218, 289, dnlkde 2@ kese clidngingiis olags gl esanidj decttioradst tbe plasma@0pfccelerates, from

oS50 E e e 558 0 P a5 AL 9048 g v

t [Udsp| asimII¢Ga Hi 2BOR scenario is shown where the plasma 209 has scttled down
along the axis of symmetry 210. The stationary magnetic field 224 keeps the plasma 209 along
the axis 210, as indicated by the depicted forces 226. As mentioned above, such plasma 209
pinches can be maintained on the order of 40 pus, which is at least 2000 times longer than
anything hitherto predicted or accomplished. Once the plasma 209 pinch is sustained, EUV light

is emitted from plasma 209. Depending of what type of plasma is used, different wavelengths of
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uniform The force varies as 1/ r2, where "r" is the
radius of the interstice 203, beginning at the axis of
waimsmsaly7 where r = 0, and going up to the i NPET/USENING/060042
rod RPALGET
light Wi EIIPSEJ??&%%&E thl &%}ng?e (ieftﬁg ﬁemr"‘ﬁ ﬁvav elgn%th)f% ﬁlstﬁgﬁr A e%né%, g’ﬁch

elemeRZ@s Xanoh, A2, ortﬂiﬂﬁufr@ b@rebe’iﬂs%dnear est the axis of
SﬁﬁEEtr¥ 210_is the strqngest and the force 222
niPdkt Figvee & hasrs ebleel Howehonaf pac ppicalwstengntitiaqeof the sheared
flow ﬂlé?sﬁgtt Br ﬁgodﬂgﬁg EHEEAPHIoED @O(%’ SG06:3 a0 ¢} Q&H%?asﬁfylg ﬁrowded Then,
strengt di'sparity of'feree strength causes
at blockod 02y nedtonl gawis ichealriet f plawma)fNeheatmlmkrﬁé)Qm@ pla[sﬁﬁ49]>emg

The, shear that enerated due.to the radiall
sccelealid i AELERIIAE G ForCalerh dhoy S Ty Teafod anngs s
indicailda 8HcRBOYEONEE @Qe?éplﬁﬁn@ﬁ%gel&ﬁ%d% aShr& QRghd Neis eventually
i nner el ectrode 106 to accelerate faster than the
formegintg ﬁfmlisman@blm hfeblocdt I8, bttmcen bue cledtodeFh Eing By o bl®k 310, the
plasmgrg%gﬁlrist slru%{gm}sglfg %P e &?ﬁd grﬁ gqx}?e?sr@ ne%:eltd a(g)]ov?e lﬁg)as PSS the plasma
to emiél S0} Hglﬁdiuﬁﬁghﬁl%bst W}Johﬁl’n, oftth&tipk @l%"@aﬂfdl@ﬁ\inﬁlﬁﬁ fbﬁned Of course,
nmonot onij ¢ s, it can have a single high flo
this proeeys e be Eonsated erﬂlﬁgch eevaingeatigh of plawme aswhewyiby rblcwlfﬁ 12, which

feeds {)%lksto ﬁgoacg %P { ggﬁ h{t@ gi%vg)lg—rég %Iﬁ{:ﬁ%rc%sélcfi@\(}tzb% g}%roalgcegqartg%%/én the order
of minMisrte nkciosedohés. aborakamplesion uiﬁﬂeéxpedﬂﬁhdll ahdmthroragit @{n‘poses it

could ggeéeé)aoar cg{qg(}l ggqrg )fé(;)lgyl( le \é %?n%{t%g Fﬁ?glglﬁ;{/gal%lgg)tglg;os@sfl}c/ gould be reproduced
| h t

at the Hﬂé L6f I&ﬁ&ﬂgﬂg%%gm& RIBEATELGY | 1% atva%ggd g%ﬁtg? I%h‘g&tput could

nmgeﬁnnemvahbwhﬁ@mewﬁﬁmlumd&mnwnm 22 4n¢ aspscic buitableelypr chipmanufacture,

it hel [ e transitio f e pl as 209 fromits
the poer Gl o Parerngh st cas Bd 10 Hals & U8 rigeedbiatgis. Morcover,
the wafviéf‘engﬂhcﬁfr]ﬂj Pl ?Hte gﬁireﬁ’ URH g1t hodf T mﬁﬁlb{mzé&ﬂd be in the range
al ong whi ch eventually assenbl e 0511 Fi g.
of 10 07 mnusft if au@sEUNellglé ermengly fahdrp ntahefagtuaft iitogeakdybe about 13.5 nm.
magnetic field 224 keeps pushing the plasma 209
try 210 to forma Z-pinch
Aspectts 0\/116}& g.%t&ﬂgo?ﬁsiné{é@é%m and 222 keep changing in
lTﬁI!lSkl} udestBndivéh tiecdtiovd dasussiva oftiasiype @0@vades el hagaDe used for
fromleft to right, across the Z-pinch 200. This force
EUV ¢raispigp andithye Rré?e@Sé@ f preriingisysha8mesizn9 sy$teRyis poegaisclosed for
scenario i s shown where the
umngEFmthvfgg&ﬁgggégﬁE?égwdomn al ong the axis of symetry
2 [®S5SThe&ypicalt litbogaphyragrhetsiRecpildiravid R4 (INE®p StHolyeaphy, which uses

| asma 209 al ong the axjis 210, as indicated by the .
light vyl Ve Yenofisy ' e &%@mﬁ&h‘ﬁ%%r@}g@d%aelélpﬂwéﬁ)f%ﬁ%%funcmnal

block@@ﬂ ligh@%lﬁ'@e ?meﬁ@lgr@gfg@le@ o) G AoAIpties; (§)0W£@r stage; (6)

Is at | east ti mes 1onger "than anyth
allgnntﬂnlt hmtqrm qodd) redsystenactiospskidhé th the)aUeVltl heaq:blb'a&mmte these

blockqunisaﬁjgr%g@oﬁﬁjag%%g Ir%geﬁﬁifgfi E{%{%{igeg g{h8gr %weger IeIX lithography
dlfferﬁfrf)rﬁl@mtlltﬂh@f@él@ﬂﬁhh&aﬁffbmﬁﬁipe@ds| 411) @U\P ligktueee nfe9Tbe in the 13.5

exanple, if the desired wavelength is in the EUV
nm rapgen get, the {@hne| rangsa {2 redeon @ﬁtlcsmlw bowsedjinsigadraf ghgprgdominantly

refractoE BUV optics; (3) reflective reticles may be used instead of transmitting DUV reticles;

and (4) the EUV system may employ a vacuum environment instead of the nitrogen-purged

environment for DUV,
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[0053] Figure 3 shows a block flow chart of one
typical inplenmentation of the sheared flow plasnma for
\N@nmﬂmmhng EUV. At bl ock 300, a neutral gas orPGEES2006/060042

d‘F%gﬁl?é ® Yﬂu%ﬁ‘gtes 1nhﬁR%k @ﬁn tltootﬁe &g%ig’%%%%eﬁ%aa% maﬁoyed At

block I462 biﬁIEUjV algﬁﬁdoafc&tleﬁrou’ﬁdeﬁg The Mgpt@intee rﬁdﬁﬂ)djproailit&d by the device
acceleratlon is . perforped in a sheared manne

discussehyvih rareaee 9| Fd% k! Asens theypepeess ¢ecustedsiigh Y%@rence to Fig. 2A-2E.
Once ?‘o%%%léijﬂe?shﬁqldv@ cRitS REAY ﬁ%gnﬁgﬂ céﬁ ‘&1‘638%\5&%&6&@4&

to a plasma pi tween two
e|0STT odéss, aFbloak HE4, canddmbﬂodptlaslﬁr,e chipboyed ashigh prayctonsist of

sust ai ne r sone, per.iod o .di scusse bove,
mulitggReEe R caflbaST i Sranbieidnesicetnih SIS Repar EUV
beam [rEGabr B iPGhinaRMh @fledtRR rhdsW®r kiR 1P| BRAPat DISKKUO8 Sreflective reticles are
formed. Of course, this process can be repeated with

providsdc hn sl 2 sej-ep.ta low-@@alpﬂlqsrﬁlecta@ rshdwnlapped itoe keadhing reticle stage

whi ch feeds back. t
movey f bE A EB T e BpF bt Asrlug 6 A fsd bV fpjebiric
compdHeRtétpRsdiices i £ kiaRs endton 60the SealiRhase, AP di¥efeE at block 408. Finally,

experinmental and nmeasurenent purposes, it could be
at blog! thecsennenewvyfes g eonsinig BUEBECONfagtobpraia Reated with EUV-
senstig \Pﬂgﬁfe%kst nhs%glltrl h% rlre %cséesg% ﬁge Vt%erarfélhigv Réh?orﬁgm w1th the scanning
1enchH¢ellght output could range fron1severa| watts to

several hundr watts. aspect able fo

Mﬁ%@lﬁﬁe@nt ﬁ}ﬁé@%ﬁ@ mﬁﬁ?m@ve zhepﬁhﬁ%rﬁd plasma flow
: r
emlm%rﬁmeov é’?‘%t ﬁrél*% éﬁ?edrg%P&s%d?Ereﬁrhﬁ nh&‘%l? 4 gﬁ&f r;aotﬁe&%fore not
limitir@dampy eganien oks mditmnedalréddyh aruEUVcsylstedl wdl dififet fremraa]atﬂéf system
0O to. 17 nm or such E IS so ht

Whlchaﬂ%y SrRRIP ¥ Greently in s BitabieT SB e ogeE VA eqs@ﬁeeapéoyed by the
EUV @fsteﬁl Y ShIBtaREe dﬁbﬂ&tl&%ﬁﬁés%ﬁ rER08AIN tattabito r&'ra‘é@i% ones used

t'he above di scussion of e type of devices that n1%
in DUbg, ansletbic frapor@uke efrd sasivom, cnaianméns tp pddresssmphiripesoviddibsgyption
such em ssion, a systemis herein disclosed for using
such EWV enission in l'i thography. [0055] Typica
| {6089Dr aRhYentidHEhatRS e RREPUN tigia\b@lcetar B3Med in a lithography system.
I 1thography, which uses [ight with wavel engths in the
Howeyggthims treraly @ne sxemplge, usegy thed bk pasece: He caol sy wigd in 2

I t

stenlléragl{aﬁts#z%&gt A Relél% }?0 c fé;tg%ca el% Ig%saérg,g% ?ﬂ:gsl} rg%ogl)ltfo% 1#1&%0%& é?gaen’d
holography,ant go [’fﬁhﬂ"h&%ﬁkﬂh&ﬁ i driryilfeeadity sypséctate thEhserous applications

gkilled-i@:the art will readily appreciate these
Ofﬂw_PBEQQIHH SQH\*Caddi ti onal bl ocks required or desired

ID[(J)\(/%D} h WI%D[H% re's‘Q%Ys%fosut% bééxﬂfé@&ﬁ%ﬁﬁn gbﬁtfe%ﬁ&l WitBMe preferred

it hograp 9 In at |east four respects:

aspectsj gghtlugmtedde theayarioes figuteheat & 3inBemtond dragethen smnltah espt@ts may be

used qQr ﬂ@dﬁﬁ@g‘%ﬁ( m@%ﬁﬁa\gg}e%e%@?%ﬁrg@%s ege)cltsn o% Ie)gr?ormmg the

same fudtli@réfthe pfe@éﬂt%llls%ﬁ)sﬁ%)(m%uy 88Hatipsth&d8oRf For example, in various
transmtting DUV reticles;
aspects of the disclosure, a sheared flow plasrna pinch was discussed, where such a plasma pinch

issues

was configured to emit EUV light, which may be useful, for example, in lithography. However,
other equivalent mechanisms to these described aspects are also contemplated by the teachings
herein. Therefore, the present disclosure should not be limited to any single aspect, but rather

construed in breadth and scope in accordance with the appended claims.
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and (4) the EUV system may enpl oy a vacuum environmnment
i nstead of the nitrogen-purged environnment for
wRb4sf08ABB] Figure 4 illustrates in bl ock forne€T/OR®06/060042
Vthﬁ§%%§¥n en1that may be enpl oyed. At bl ock 402, an EUW/
source is provided. The |light source may be
produced by the device discussed with reference to
1. FAgnethgd &rgprodveinyraxtess udtracal st(&d) Wi light,reefrgprismge t o
Fi%&ka-z Once sheared plasma flow emts EUV |ight,

i P'%8® t hen be condensed. [0057] Thus, at
bh&%&nﬁ@@th&ﬁ@gﬁyﬁﬁ&naﬂkhﬁﬁmékg BiTRhL A0 whi ch may
consi st of multilayered coated coIIector and grazing
i frsmdeneplaspe piosh fileinctie eetdlarated ahadmgh@mie an EUV beam

in order .to a I
T?]ltf almn tlbel pg%ﬁ(ma&g& % 1@1lpgr1i)ﬁfi Vi {‘; g ts? n% alil W thB Ip!)a&mg%% emit EUV
light dunnglactea@ agRitidhtof said Roapansi on r efl ect | ve reticle
cl anped to a scanning reticle stage noves a mask
across an illumnation beam and a reflective optica
2. SYRé sRHdtadcaapbas brauﬁqrrﬁ@th@ﬁéoﬁn@{s%g&?ﬁcﬁg the llaﬂﬁéS after the
reducti on of the mask inmage, as indicated at ock
plasma,g@ich Bpnbganysustained prEERTOATENE 2 hew slaamaiusey] mel?rléy lightygyaission.
contai ning a sem conductor substrate coated with
EUVsensitive photoresi st can scan the wafer across the
3. EUk pethediancardimelio ohirs h whetein the plsaam sngelesté¢dcdta rate to satisfy a
.St age 0058] Many different systens could be
maMh%H%%Q#@hted with the sheared plasma flow emtting EUW
source. The systen1discussed herein is merely

SRR SRSl Eons MR LELLIng,  noany Menner A

DUV systen1mh|ch may be enployed currently in the art,
n t he orte t | oyed .b he EUWV
3. @ E Ofiﬁ‘éc‘?r e 8 ?régﬂ th Pfag‘ga SPEPE %

retlcles (in contrast to refractlve ones used in DW),

an nportance of a vacuum enyironnent. to address
6. EE%W@?\OQ@C%@IH&B% ghappil owﬁi:@guégp lapppsorPAssHattiBned

above, the EUV |light source can be used in a

l'i thography system However, this is nerely ane
7. e¥beprcHiof ageudivg to pleimilgihersin the glasme cewﬁﬂ@ﬁ%@mé@l%@oconﬁgured
toenﬂtEUﬂfﬁ?ﬁr'l'zat'on system a nanoprobe fabrication

syste in high resolution mcroscopy and hol ography,

and so on. Those skilled in the art will readily

a f :
s PR BEURLSIG IR, AR SAH TS, Byl B e ranec o
about BREno GE¥ et thegdadnta edovaecik acseletateth. t he preferred

aspects, as illustrated in the various figures, it is

understood that other simlar aspects may be used or

9. nNOHE ficthdbiaoasdimpdo ittt @AsrefiBdic PericdsiRirh@istad écast one of (a) about

descri bed aspects for performng the
20 microseconds to 40 microseconds and (b) at least 40 microseconds.

10. The method according to claim 1, wherein the plasma pinch is formed at a rate of about 1
kilohertz.
11. The method according to claim 1, wherein the plasma pinch is formed at a rate of about

10 to 100 hertz.
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same function of the present disclosure w thout
devi ating therefrom For exanple, in various aspects
w@Rooslas1a7 scl osure, a sheared flow pl asma pi NCPCTVES2006/060042
di [ S i
12. e‘l"ﬁ% H}Eﬁrf?ﬂ ac&%?lrng V\i?féﬂmq &h Hlﬁ%lg Qgr’gaﬁygr}chgogg(ﬁlﬁ?% %tq?aﬁ{ P00 watts
ofEUMﬁdwmghaznhmeriﬂea\ﬁteefbcusot her equi val ent mechani sns to
t hese described aspects are al so contenpl ated by the
teachi ngs herein. Therefore, the present disclosure
13. sfiag hﬁt%@tac&ﬂdinig% tﬁdntlowﬁ&)émsﬂhe @liley HlReat a wantlch@h i the range
construed in breadth and scope in accordance with the
of abogh b FdEnaEICHES- Wiat is C aimed: 1. A nethod for
produci ng extreme ultraviolet (EW) light, conprising:
providing a plasma;, accelerating the plasma to produce
14, aAsrgpired:s ;ﬁq)rafgn@qmg)wtrw@mhrwgolat A haehsi qeetprisingim t he
ag%%t%[e%{rg&ie pl asma; and sustai ning the plasnma pinch
perirod of time so as to allow the plasma to em t

EbJ&/edoh@ Blectiodd, RGicRin theastond cheirbidon cohfigatd coaidlgawiali respect to
The net hod according to claim1, further

the ﬁrf%tcﬁmrogé mych &3t aipingly i feemed bdwaemenceindiad, éhepﬁré&ﬁﬁctfﬂdﬁ@ﬁd an
adj ace@%@gﬁgcﬁts&'&tdaél&%d@ %#{}R Yﬁngé ﬂ&l S CB E@ﬁ)%cé‘f%eg Isﬁéared flow of

em ssi on |ngtocam
a plasthp; wherein the plasma i s accel erat ed at arateto
satisfy a stabilit hreshol d.. 4, The hod ac
t%nHv%#lﬁ?PO“\ﬁH@ %%@Jﬁ?t%a&%rq%é &@ﬁ%ﬁnd: @’5 Plﬂ%%la into a
regionBHAGHLAGEE thi @Estte@ecﬁjoéé Mdlthe W& el ctrbe; Bh@s ma
conprises Tin. 6. The method according to claim1,

WHIE A @ICSB pdutecq@lﬁgswd fclompwdmcm&sm BBAV light Bhenaistehivem the plasma
forme? ﬁ]?dl ncg to claim1, wherein the plasma conprises
gas configured to emt EUV |light. 8. The
nmet hod according to claim1, further conprising

aﬁE %[:) as %/5%%9 eﬁo::crllziltgl gﬁ%ﬁ%g%ﬂo 8 %ﬁsagl\épi(ﬁ)q?g%\r{ll}nses one Of
(a)ac@fh%@é HOG) bR bRl M 1, vvher ein the period of tine is at
| east one of (a) about 20 m croseconds to 40

m croseconds and (b) at |east 40 microseconds. 10. The

16. Mgho %a@&ﬁ@éd@bf&ﬁné 2 i 1, %nhef’é‘ﬁ?{h%'ﬂ?stte’f&n%h@?s%bﬁhrﬁ&ﬂy curved

is formed at a rate of abdut 1 kilohertz.

along ne¢ ool thecdyrirmgtinga sinadtntdpsivibe oéihe nieh;elarﬂfcas mha: nglnuho the pinch.
is formed at a rate of about 10 to 100 hertz.12. The
met hod according to claim 1, wherein the plasma pinch

17. pTbdagesated adceakig thAlaimalt4, svherein the second electrode comprises one of (a) a

cathode and (b) an anode.

18.  An lithography system for producing extreme ultraviolet (EUV) light, comprising:

a plasma source for emitting EUV light, wherein the plasma source generates the EUV
light using sheared flow stabilized plasma;

a mask, wherein the plasma source is directed at the mask; and

a focusing apparatus for controlling the EUV light emanating from the plasma source and

passing through at least one aperture of the mask.

19. The system according to claim 18, wherein the focusing apparatus comprises a reflective

optic configured to point the EUV light at a substrate.
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of EUV power at an internedi ate focus. 13. The net hod
according to claiml1l, wherein the EUV |ight has a
woawsloarigth in the range of about 10 to 17 nanPOBEUS2086/060042
1 rat. far. cl traviol. .
20, o P ERERLS G B WP oA BIR BB S hpgpsutaced n
vacuugl. ect rode, wherein the second el ectrode is configured
coaxially with respect to the first el ectrode, such
that a pinch is fornmed between one end of the first
el ectrode and an adj acent region of second el ectrode,
wherein the pinch is configured to receive a sheared
flow of a plasma; an injection port configured for
injection of at |east one of (a) gas and (b) plasm
into a region formed between the first el ectrode and
the second el ectrode; and an access port configured
for providing access to EUV |ight emanating fromthe
plasma formed in the pinch. 15. The apparatus
according to claim 14, wherein one of the first
el ectrode conprises one of (a) a cathode and (b) an
anode. 16. The apparatus according to claim 14,
wherein the first electrode is substantially curved
al ong one end, thereby permtting a snooth transition
of the plasma fromthe region to the pinch. 17. The
apparatus according to claim 14, wherein the second
el ectrode conprises one of (a) a cathode and (b) an
anode. 18. An lithography system for producing extrene
ultraviolet (EUV) light, conprising: a plasm source
for emtting EUV |ight, wherein the plasma source
generates the EUV Iight using sheared flow stabilized
pl asma; a mask, wherein the plasma source is directed
at the mask; and a focusing apparatus for controlling
the EUV |ight emanating fromthe plasma source and
passi ng through at | east one aperture of the mask. 19.
The system according to claim 18, wherein the focusing
apparatus conprises a reflective optic configured to
point the EUV light at a substrate.20. The system
according to claim 18, wherein at |east part of the
systemis encapsul ated in a vacuum
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