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Challenges to EUVL deployment

Special light source for mask inspection

ZETA-Z* RMHD codes

Non-equilibrium plasma kinetic model

plasma radiance limit
highly charged Xe ion EUV emission

Combined Nd:YAG-CO, laser pulse
Nano-UV: EUV and soft X-ray source
Multiplexed high brightness EUV sources
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EUV (13.5nm wavelength) lithograph
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EUV source for HVM & actinic mask inspection
- a key challenge facing the industry




Remaining Focus Areas

EUVL Symposium, Tahoe EUVL Symposium, Prague
2008 2009
|
1 - Long-term source operation 1 - Mask yield & defect d
with 100 W atthe IFand 5 -, ~ a»  inspection/review
megajoule per day 'ﬂ»% 5:“ infrastructure
Yy
#h
2 - Availability of defect-free g
masks, troUghout a-mask , 2 - Long-term source operation
lifecycle, and the need to §e s
pao o el / with 115 W at the IF for
address critical mask S Y BRIIE e ot vt
infrastructure tool gaps, L Rir s SO
specifically in the defect Wiihee JOVialIneslion o
inspection and defect review 10mJ/cm resist sensitivity  RCEYe
Meetings
area g 26 May
Krakow
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- light source for Litho and mask inspection critical -



EUV Brightfield Metrology

- requirements

Consider a CCD array ¥m) detector, pixel size Abeing

used to image the area of the mask under inspectior%A N
ct

- magnification of imaging optics, m, hence areddte //" _ 4
a defect is now &A /m? and the total illuminated patch : o N
area on mask observed is A=& \

: e A
- relative defect responseN-photon statistics M
- total illumination time:t =t A-M-n?/nZ-Ab (reflectivity R=60%)
N, S 4 M
- illuminating irradiance required: All, R D% 1]12
- then for defect size 10 nm, guf8)? pixel size, 2048CCD
COST
array and full size #(26x33) mn¥) mask inspection: L=
WG & MC
Magnification, m 40 80 160 Meetings
27-28 May
Patch area, A (um2) 5.06E-02 | 1.27E:02 316EO3 2010
IIIuminating. fluxt.jen.sity(ph/cmZ) 547E+15 1.37E+15 | 3.42E+14- *add|t|ona| fime for };roall;?]\g
Na illuminating A 1.16E.j-13 7.26E+11 | 4.54E+10 b:ositioning and
Irradiance at mask needed, 10 shots exposure (ph/s cm2) 2.74E:53:18 6.84E+17 | 1.71E+17 é”gnmen’[ needed
Mask exposure time (min) 2.16E+00, | 8.62E+00 3.45E+01 | .In each exposure

>
.......
N .
----------



Actinic Mask Inspection
- key source requiremeniased on current studies

W Power in Field Size | Source Radiance
used Field Requirement Source Workshop 2009
AIMS 0.5 mwW 10x10 um | 50 W/mm2/sr Baltimore
Actinic blank 10W 1%1 mm 100 Wimm2/sr
Inspection
Y
SEIEI.@/ Item Requirements Scan # Power @ IF Radiance @ IF
Wavelength (nm) 13.5 Time EUV (W) (W/mm2-sr)
EUV power (in-band) into 2r, at plasma (W) >10 (hrs) Mirrors Hi-Res  Aerial Hi-Res  Aerial
EUV power (in-band), after collector (W) >0.1
Source area (mm2) <0.12 1 2 24 1 1030 345
Etendue of source output (mm?2 sr) <0.01 1 4 58 25 2510 840
Max. solid angle to system (sr) <0.1 3 2 08 03 340 115
Brightness (Wmm-2sr1) >14 3 4 19 0.8 840 280
Repetition rate (kHz) >2
- (higher rep. rate preferable) Probable Long-term requirement
Integrated energy stability (%) <1
(0.1s integration)
Source cleanliness <10% throughput loss/30 billion
pulses for collector mirror
Spectral purity (No large impach) Etendue at IF: 2 x 10~ mmZsr KI-Q,/‘J'EMGI‘

- High-brightness, small-etendue, high-repetition-rate, and clean light

source is preferable

Aucalprating isld

e
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EUV Light Source

- In practice

e« Sn, Xe, Li ... high energy density plasma - narrow 2%cba
@ 13.5nm source of EUV light

 LPP & DPP - methods to produce the the right cooi#HED plasma . .

t= 4.7614E+00 ns

b= 75.00 ns

THEEECEENERT

combined
NdYAG +CO,

0
Ricm)

S— EUVI\ Z * MHD code modeling

o0z 00 006 008 [E
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e For HVM - at least 200-500 W of in-band power @ IF Poland

with etendue < 3m#sr is required
- kW (source) = W (IF) is

the source of the problem -



ZETA - Z RMHD Code- Z BME

Tables (T ,p) for solid matter & for LTE,
non-LTE plasmas of ion compositions:
EOS ; ionization distribution ; rates; non-

maxwell electrons ; spectral group radiation

& transport coefficient§\

hN

RMHD with energy supply :
(r.z+¢) plasma dynamics in ( E,B), 4 ;

nonstationary , nonLTE ionization;
spectral multigroup radiation

transport in  nonLTE with special
spectral groups (for EUV,laser); solid
elements sublimation, condensation |,
expansion into plasma

2

simulation
real geomet

LPP

EEMHD in real cylindricalvgeometry:
dynamics of electrons
ionization of weekly ionized plasma
(hollow cathode ionization wave)

- change to 3D PIC ;

- Improved
- new

- coming

physical model

Spectral postprocessing:
3D ray tracing;
detailed spectra

]

Data: (r,z,v,Te,I P.E, B,
Z,U,, etc);

time evolution (I,P ,
W, F,, , etc);

Heat flux

postprocessing:

element lifetime
estimation ;

fast particle flux, 3D PIC
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ZETA - Z' RMHD Code- Z BME

mathematical model: algorithms & schemes®

\ Adaptive grid lTI \
Numerlc Small time step!
_ aI Detailed grid (—zero for plasma

in magnetic field)
Euler variables Explicit scheme is stable conditionally

COST

L iabl N . h WG & MC
agrange variables on-conservative scheme ficetings

27-28 May
Grid Adaptive grid No energy balance!
crossin rﬂ

2010

Krakow
Poland




EUV Brightness Limit of a Source

The intensity upper Planckian limit of a single 1P g

R=0.04mm

spherical optically thick plasma sourceda/A=2% B ostnn
band aroundi=13.5nm PRERE
%‘ 10° — ‘st‘mm
| :thz Ah/w' = 9722 (MW /mntsr) S i
A ~C Yl S
er L efenmil e
Source with pulse duration and repetition raté § 109 i
yields the time-average radiance L =I-(7f) o 1/
At T=22eV L =1.1W/mnd sr)-1(ns)-f(kHz) 10°

1052 5 107" 8 105 4510, Z54. 66" 10 | .0 W 2024 102
[ ]

For r=20:50ns L = 2050 W/mn3 sr)/kHz

Effective Depéh (rho2* g?/cm?®

R=0.04mm
R=0.08mm
R=0.16mm

0.15  romrom

Plasma self-absorption defines the limiting
brightness of a single EUV source and required
radiance

The plasma parameters where EUV radiance is a 3

maximum are not the same as that when the spec&al

efficiency is a maximum.

- the Conversion Efficiency of a single source
decreasesif thein-band EUV output increases
(at the same operation frequency)

euv/Prad)

Spectral Efficienc

[ 3 N, L
005 [ el 3

ol

01 [ &

\\\\\\\L\\\\\\\\\

R=0.31mm
R=0.625mm

R=2.5mm
R=5mm

10" 10" 10™ 10™ l(f 10°3 5105 10¥y [10)3

Effective Depth (rho2* g%/cm?
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CombinedNd:YAG - CO, Laser System'

Collector Mirror Target Chamber

sub-ns Nd:YAG laser
(pre-pulse)

Beam splitter

ns-order CO- laser
(main pulse)

/ COST
MP0601
/7 WG & MC
/ Meetings
7 27-28 May
2010

Sn Droplet Target - - Krakow

Poland




CombinedNd:YAG - CO, Laser Syste

- layout

1.064um 10.6um

ol delay time At e

gy i -
QQQQ

100 times lower density in case of a CO, laser with respect
to a Nd:YAG laser as the main pulse gives a chance

« to increase the EUV emission efficiency by lower
reabsorption of EUV radiation

* to reduce debris using a small-size, i.e. low-mass,
target
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LPP Dynamics & EUV Emission

during pre and main laser pulsé

FFrame 001 | 07 Feb 2007 | ZSTAR - code output, cellvalues | ZSTAR - code output, cellvalues | ZSTAR - code output,

t= 0.00ns

2.5mJ YAG laser pre-
pulse energy.

)

EMS{gicom)

7.50E+00
4 47E+00
2 BRE+00
1.58E+00
5 44E-01
5 G2E-01
3 35E-01
1 99E-01
119E-01
7.07E-02
4 71E-02
25 E-02
1 49E-07
5 00E-03
5 30E-03
316E-03
1.88E-03
117E-03
B.ETE-04
307E-04 COST
237E-04 MP0601

1.41E-04

B.29E-05 JVG & g
5 D0E-05 Meetings
27-28 May

2010

0.2

Main laser pulse: CO,,
50mJ, 15ns, 100 pm
FWHM spot size. 019

Z{cm)

The delay time
between laser pulses
IS 75ns.

0.1

0.05

Krakow
Poland

-0.1 -0.05

0 0.05 0.1
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Conversion Efficiency

VS. prepulse to pulse delay time

Target: 20um diameter Sn droplet

Pre-pulse laser: Nd:YAG, 10ns fwhm, 20um spot size, pulse energy 2.5 & 5mJ
Main pulse: CO,-laser, 15, 37 and 60ns fwhm, 100pum spot size

20um Sn droplet, Nd:YAG: 2.5 & 5mJ, 10ns, 20um spot  size;
CO2: 50mJ & 100mJ, 15ns with 100um spot size; allf whm

294 m

CE (in 2%)
0_
—

60ns
COST
MP0601
—- 5mJ PrePulse 31ns WG & MC
- —/\— 2.5mJ PrePulse Meetings
EUV brightnessupto 5 7oomy, 15837ns 27-28 May
—&— 100mJ, 15ns, 60ns 2010
5 W/mn'? SI' kHZ Krakow
0 ‘ ‘ Poland
0 50 100 150

delay time (ns)




EUV Radiance, MW/mm2 sr

EUV IF Power Limitation:

prediction vs. observation

e Xenon plasma EUV emission

® R=0.0dmm
10° prrrrm——rrre ey @ R=008mm
S R 1
3 : : ®  R=0.625mm
,Xenon 6 |
- T T E5
10° [ - '.Q. e i
; ‘ : T e : 1 L 4
B i TSR -
4 N O U T s 3
10 Sg. T [ 8
L .8 L.
‘5&8 : : : : | — 2
SO
M 0
10 -?I ”Hm‘-ﬁ ””HI-SI ""“"_4‘ HH”I-E!I HH“II-ZI ""““_1' . 0 4 COST
107 10°  10° 10t 107 102 10" 10 0 50 100 150 200 o1
Mass Depth (rho'r), glcm2 Pinch Power [W/2pil WG & MC
Meetings
Xenon plasma parameter scan Experimental observation of limitation of the 27‘22(.?1“0"”
with Z*-code showing the EUV power at IF from xenon DPP source Krakow
; 1 : Poland
EUV radiance limitation [M. Yoshioka et al. Alternative Litho. Tech.

Proc. of SPIE, vol. 7271 727109-1 (2009)]




Bright EUV Emission

from highly charged xenon ions

Tokamak experimental data * There are two regimes in
. : : —=  transparent plasma of xenon: Low
oor s v - Femperaturel(T) with XeXI ’ \

™ and High - Temperaturéi()

200 = =2
: 3 ;o= with XeXVII-XeXXX ions
: s3% 53 & - contributing into 2% bandwidth |
g &‘iﬁw‘!‘- \*,‘,g: *"i“‘x’ . ‘;&fi‘i:E :E? "y 150 a 135nm
Soor W n W il .
* * .. * Fpr small size xenon plasma, t

wr/ T Kato etal. J. Phys. aximum EUV radiance in the

200} gihA;' 'X'lo'('zggg) & i »  HT can exceed the tin plasma
0 i y . i H ““ : !x.iii o e ISSIOn @® R=0.04mm
120 128 130 135 140 145 150 155 160 185 10° ey : gzgiigmm
Wavelangth (A) Xe n O n : RinSlmm
[ ...‘ 3 R=0.625mm
7 10" e (RERAS & L
R I R — T
+ XeXXII - XeXXX s e S
| s 1 WIIEEEgYe egqua Ay d -
produce bright 4f-4d*, 4d-4p*, 5p-4d* g e o e | B v
[White, O'Sulivan](3d"4ft+ 3d4p! - g ol ,:o‘ """""" A ge0l0
3dr4d) satellites in EUV range near > | s AR e Poland
13.5nm T O L L KA Sl e
o XeXXII has ionization potential 619eV

Mass Depth (rho*r), g/cm2



Non-Equilibrium Kinetics
Xe lons population vs.-draction

17 ‘.
i without ]
0.5% |
1% — |
1.5% — |
206 ——
Calculated ionic
= 'V fractions without
= ' and with fast
o1l electrons of 5keV
2 energy and
-g various
= percentage
@© 0/4-20, CoSs
& (0'5/0 2/0) MPO6gl
WG & MC
Meetings
Plasma 27-28 May
temperature B o
0.01 ‘ : : ‘ T — 40 eV Poland
5 10 15 20 25

Electron density

details in poster: Vasily Zakharov —1017 3
“Modeling of EUV spectra from nonequilibrium lon Charge Ne_lo cm

xenon plasma with high energy electrons”




Emissivity, a.u.

Emission of Highly ChargeXe lons

- from ebeam triggered discharge plasm

EUV Measurement
Capillary discharge. VUV spectrograph data

0.12 ' XeXI@33eV —
Total Xe XXI-XXIV @ 806V + 2% 3keV ——

011

2%
0.08 | / \A

Intensity (arb. units)

0.06

0.04

Wavelength (nm)

0.02 1

W

12.5 13 13.5 14 14.5

Wavelength, nm

Bright EUV emission in 2% band at 13.5 nm can be achieved from highly
charged xenon ionsin plasma with small percentage of fast electrons

details in the poster: Vasily Zakharov “Modeling of EUV spectra
from nonequilibrium xenon plasma with high energy electrons”

a

COST
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Multiplexing

- a solution for high power & brightness

« Small size sources, with low enough etendue . [—soom;
E,=A.Q2<< 1 mn¥ srcan be multiplexed. un o e
. . : | | | | ‘ R=2.5mm ‘
« The EUV power of multiplexed N sourcesis ¢ [ . . /AN —==m | 0 »
P, OVEIN Q7 [F u poi o ]
EUV 4 a1 6nm|

—> The EUV source power meeting the
etendue requirementiscreases a2

EUV Radiance, MW/mm2 sr

« This allows efficient re-packing of radiators

10° 107 10° 10° 10™

from 1 intoN separate smaller volumes without MaeaiDer TR
losses in EUV power

- Spatial-temporal multiplexinghe average brightness of a source an V\I\/A(C:ISD(?OEI?T/IIC
output power can be increased by means of spatigbaral multiplexing with Meetings
active optics system, totallizing sequentially théVEoutputs from multiple e

Krakow

sources in the same beam direction without extansidhe etendue or collection [
solid angle

- problem is the physical size of SoCoMo



NancUV: High Brightness EUV Sourc

capillary discharge pulsed micplasma

Measured Performance

coated (110 nm Al) on Si;N, (50 nm) to
reject OoB

3 nm EUV band (12.4 nm -15.4 nm)

coated (110 nm Al) on Si;N, (50 nm) to
reject OoB

irradiance measured at 44 cm -
0.8 W/cm?/s at 1 kHz, 19 kV

beam FWHM - 7.4 mm, (1/e2) spot =12.5
mm

EUV power at beam spot - 0.44W at 1 kHz
typical etendue 5.10-% to 1.10-2 mm?Z.sr
discharge in He/Ar/Xe admixture

RSN RS RARES RS EAREN RARE N ARaaa et : : : T T T T 6.5 . e
R : ¥ = o 2404 ‘e profil@44cm (19kV20mtorr ) R & fadius cl,\f spot fitted from data L
Ci . ‘ ] —— Gauss fit of Data3_Maxpulse —— Linear Fit of Datal HWHM 1
' 200- __ 60 = : EOST
< E MPO0601
£ 1604 3 55 WG & MC
© .
...................... S 1201 8 = Rl-ctings
' > 2 59 27-28 May
...... S 80 g 2010
g S 45 Krakow
.............. S 40 = Poland
b : : : 1 o | | emission half angle - 0.45° I
1> i y iy prgesiaiae -
) [¥TSheeti}].Ch3 100 mv 400 ns ! : 0+ y 4.0 g <‘
B BrTSheetitllCng 5 W, A90ws L\ o T 0o lee i it il iiialiey ] ; - ; i i - - L ! ! = :
F15 #1025 0 5 10 15 400 450 500 550 600 650 700 750

Spot-scan spatial profile p— Distance (mm) j—1 Axial distance from end of capillary (mm)



Source Characteristics
- wavefrontmeasurement

HASOO X-EUV Shack Hartmann wavefront sensor - (manufactured by Imagine Optic)

B ®@ @ ... 9 .
e = e EUV beam diameter d=9.75 mm at
o _ Tikone  fig gy o
S I % 1890 mm from source
800 Astigee @ 4.00- ' 3;}3 .
& e ¢ Beam divergence half angle =0.19°
o . ¢ Solid angle Q =0.0345 msr
Qa0 i Ry?ésm) ol =i Egég COST
- ol _ & e Etendue E =27R- Q2- RMS 1
o ke 0.759 ﬂb -6.00- 0,38
i b o a0 b i v =5-10° mma2sr WG & MC
9 Expis): 30,000 Background Removed |Nb Images : L . -7.67 -6.00 -4.00 -z,00 0.00 mri‘UU 4,00 600 7.87 Meet”’]gs
.e Heighbor Ext zonal Sampling x & | A{nm):130 27_28 May
Acquired image Derived wavefront 2010
60s exposure, 166 nm RMS (12 ) ko
Poland
source at 1 kHz

& 760nm PV (58 A\) * With support of G. Dovillaire, E.
Lavergne from Imagine Optic and P.
Mercere, M.Idir from SOLEIL
Synchrotron




Capillary Discharge EUV Source

typical parameters

Power source

Charge energy 0.1-051J
Current 5 - 10 kA “capillary -
Pulse ~10-20 ns Energy storage
Capillary 00.8-1.6 mm | f@Pador
dimension: L= 12-18 mm

Various electrode geometries

Gas:
0.1-1mbar Ar+He:

Xe, Sn, Li, Kr, N, ... admixtures
(for narrow-band radiation source)

Capillary discharge dynamics & emission features:
E-beam, plasma channelling (€>>1)

Volumetric MHD compression (skin depth >>plasma diameter)
Highly ionized ions (fast electrons)

Example of
simulated
geometry

COST

MP0601
WG & MC
Meetings
27-28 May

2010

Krakow

Poland




Capillary Discharge EUV Source

electron beam and ionization wave

2ns 2.7ns

lonization cross-section of argon atoms

6 :
DWA
Experiment  +
5| FAC
N
E
(&
e 4y
S
- 3 c 3 why
insulator insulator S -
@ 2t :
(2]
O 1t
Cathode Cathode
0 ' ' : : COST
0 200 400 600 800 MPO601
‘ ‘ Electron energy, eV WG & MC
Meetings
27-28 May
Pre-ionization in capillary discharge (ion density n;): Kffklogv
- axial beam of run-away electrons, Poland

- ionization of the gas by beam and secondary electr  ons,
- the ionization wave forces out the electric field




MHD of Radiating Plasma
capillary discharge dynamics

2

Low thermal pressure p<8_n . high magnetic field diffusion  +/c%t/ 270 > R
Volumetric R R agroppe 25| CN i 2 \
compression PTFPopar Vr=Too R__mczﬁ’ t(é) =ty L Erf({/Iné)

1t =1
21 r : I e cR, R,
B=—"—,; |,=—=: M=T7R? =Jym—2; =2
e Al e e (TS
Initial axial pressure gradient : M(2=7R? p,(2); R(t,2) ~ py(2 Y2
; Ir OR.
Long capillary:  L>>R, Radial current: )y =ﬁE
3-D volumetric e 2 12, y —rB
compression: M R’ : ;o
212 0R/0z 2r% ¢ 12 6P¢az
u(zt)=sv,/r*  u= v.(r,z,t
(zt)=v,/ 2 R (rz=p [ o R
In particular, for the constant . : ¢ Tal
current v,(r,z,t)= ! Ro In(%) 1+.5 |- No
| (t) = 1, and cylindrical capillary 2t, |n% R BEUV2ie g7

with radius R,



Capillary Discharge EUV Source

Increasing ionization degree effect

Frame 001 | 26 May 2008 | ZS5TAR - code output, cell values | ZSTAR - code output, cell values | ZSTAR - code output,

t= 0.00ns e At EUV emission
-k maximum
= ooeor =5[107g/cm3, T.=18eV
= p=TTIEM, 1= 20EV.
4 58E-06
4 38E-06
| 4.17E-06 o - -
I Without taking into
15 e account of fast electrons
- [ & - = oo the plasma ionization
£ = & = 2.71E-06 .
5 [ B ] 25006 degree is <Z>=7.3;
N 8 8 s L ’
B e EUV y|e|d IS 6 u\]
| 1.67E-06
1F : 1.46E-08
| oa0e
23253? WITH 01% Of faSt COST
2007 electrons <Z>=8.8; MPO601
0.00E+00 WG & MC
| Meetings
| [ 2 = M | C th d . . 27-28 May
0530 e EUV yield is 30 pJ (26 pJ |Gt
R(cm) in experiment). Poland

Plasma density dynamics -




Gen I|EUV Source

- characteristics from Zmodelling

19kV charge, 1.2 nF capacitor >19kV charge energy scan

4

4.5 45 oy — T T .
¥ Egyy =56pJ/shot w |20V . ' 4
> 23Ky —— . :
g 35 P =56mW/kHz 5 *[#v—
o 3 - 30T
2 £
a 25 g 251
=2 3
Y o2
c
% 15 .‘g‘ 15 [
o =
ELNY 101
0.5 51
0 0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30
time, ns Time. ns
25
e peak irradiance
4 | kA W 250 + g 20 —— linear fit of data
3 Energy scan 22 .
7 2 200f % 515 .
< - calculated g2 Bz
1 (=} T
£ X7 . + 8310
20 5 1s0f (In 2% band) g%
3 i g 0,5
) o & = ’
g 2 2 100 + 0o >
3 3 > 020 022 024 026 028 030
==lis b1 a 5o + Stored energy (J)
= .
3 g Experimental
-6 =
aadl S 2marndsifises P55 Y Ep" Tes 40 =0 energy scan
0 100 200 300 400 500 gy

time, ns

Stored energy, mJ (20% band)



Next Generation Modelling Tools
- FP7 IAPP projecFIRE

» Theoretical models and robust modeling tools are
developed under international collaboration in the frames of
European FP7 IAPP project FIRE

» The FIRE project aims to substantially redevelop the Z*
code to include improved atomic physics models and full 3-

D plasma simulation of
v’ plasma dynamics

v’ spectral radiation transport
v non-equilibrium atomic kinetics with fast electrons

Pulsed Power Research
| APPLICAL IO |

v’ transport of fast ions/electrons W
v’ condensation, nucleation and transport nanosize particles. \a/w/

* Modelling can be the key factor to scientific and technological solutions in EUVL
source optimization with fast particles and debris to solve current EUVL source e

problems as well as extending their application to 22nm and beyond. V\“/ﬂggfi&lc

Meetings

* The research and transfer of knowledge is focused on two major modeling BAZELEY,
applications; Kfsziv
v' EUV source optimization for lithography and joland

v’ nanoparticle production for nanotechnology.

» Theoretical modelling will be benchmarked by LPP and DPP experiments



HYDRA ™-ABI
- spatial multiplexing for blank inspectio

» Design Specifications

— 60 W/mm?2.sr in-band 2% EUV radiant | -
brightness at the IF ‘ |

— 0.6 W at the IF cer OOl |

— etendue 102 mm?.sr

— source area - 31 mm? / TBD

— optimized for mask blank inspection

— 4x i-S0CoMoll units working at 3 kHz

each
— no debris / membrane filter :
— close packed pupil fill s MPORO1
WG & MC
e Current Status vl
— 4 units integration & characterization | *;E;:‘g‘sg

— single unit optimization
— ML mirrors evaluation & modelling



HYDRA4ABI ™

- pupll arrangements

e Radiation observed on a fluorescent screen 70 cm downstream

ALL 4 Sources

Source 2 only

Source 3 only

COST
MP0601
WG & MC
Meetings
27-28 May
2010
Krakow
Poland

All 4 sources aligned to a point

Each source turned on separately and aligned to a different corner




HYDRA™-AIMS

- spatial multiplexing with variable sigm

» Design Specifications

— 100 W/mm?.sr in-band 2% EUV brightness

— 2.4W at the IF

— etendue - 2.4 102 mm?.sr (50% fill pupil)
— source area - 4 mm? / variable sigma

— optimized for aerial image measurements
— 12x i-SoCoMoU units, 5 kHz working each

— no debris / membrane filter
— variable pupil fill and sigma

e Current Status

— system characterization
— single unit optimization
— ML mirrors modelling

curved ML

plane ML

COST
MP0601
WG & MC
Meetings
27-28 May
2010
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HYDRAZAIMS™

- prototype system

1 Rert Position

COST
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HYDRA™-APMI

- unigue temporal & spatial multiplexing

» Design Specifications

— 1200 W/mm?.sr in-band EUV radiant brightness
— 24 W at the IF

— etendue - 2. 103 mm?2.sr

— source area - 20 mm?

— optimized for patterned mask inspection
— 8xi-SoCoMoll units working at 3 kHz each
— 24 kHz temporally multiplexed

— no debris / membrane filter

— Gaussian output spot

 Current Status
— optics design & modelling
— single unit optimization
— mechanical design

COST
MP0601
WG & MC
Meetings
27-28 May
2010
Krakow
Poland




Summary

» Knowledge of the behaviour of multicharged ion +smuilibrium plasma with
lonization phenomena, radiation and fast partittassfer is critical for EUV
source development

» Self-absorption defines the limiting brightnessadingle EUV source, requireds
for the HVM and AIM tools with high efficiency aiwgen the limiting etendue
of the optics

o Extra EUV in-band emission may be achieved fraghly charged Xe ions in
plasma with fast electrons

* The required irradiance can be achieved by spaiigiiplexing, using multiple

small sources COST
MPO0601

WG & MC

Meetings

* NANO-UV presents a high brightness EUV light sourod,uncorporating the ety
I-SoCoMd ] technology, together with early experiences of afieg sources 2010
in a multiplexed configuration, which can satidf tsource power and o
brightness requirements for an at-line tools famac mask inspection and In

future for HVM .
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Combined Nd:YAG-COlaser pulses

laser absorption & EUV emission

20 um Sn-droplet,

2.5mJ Nd:YAG pre-pulse, 10ns fwhm
50mJ CO, main-pulse, 15ns fwhm

75ns delay time between both laser pulses

EUV emission Laser pulse shapes
inband BV, 2.5mJ pre-pulse, 50mJ main, 75nsdelay laser pulse; 2.5mJ pre-pulse, 50mJ main, 7onsdelay
0.08 35
30 )
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Plasmeaelectrode interaction mechanism

* heating of the electrodes by joule dissipation at electrode-plasma

transition:;
6 oT _§°
i ility:  o(T)~oy = C =
thermal instability: { ) 07- AP T
[yt JZ
a1 Y =
T—Toe V O.Oecv

» surface heating & plasma cooling by means of plasma ther mal
conduction;

COST

MP0601

 surface heating and damage by plasma radiation; WG & MC

Meetings
27-28 May
2010

« optical elements damage by fast ions & atoms emitted from the Krakow
plasma (ambipolar and E-field acceleration, shocks, Maxwell tails i
etc).




Heat loading on electrodesd insulato
Z*BME modelling

Capillary discharge:

Charge energy 0.4J/pulse
Operation frequency  3kHz

Low energy unit provides:

* Low heat loading on
electrodes and insulators

Frame 001 (014 Oct 2006 OZSTAR - code output, cell values

Z(cm)

t= 0.804s

R -

\ |I’}SL’J|<’?1E)I’

dTel(C)

200.00( |
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