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Z-Pinch Discharge Plasma Based EUV Sources
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Presently high energy-density plasmas produced by gas discharges (DPP) are the most powerful EUV source
for the next generation's high volume semiconductor manufacturing (HVM). This paper describes the radiation proc-
ess in Z-pinch plasmas based on non-equilibrium ionization process and the fundamental Z-pinch plasma physics.
Several schemes to control the pinching process and plasma parameters are shown. Also the present status of EUV
sources developments and the critical issues to develop the DPP based EUV sources are discussed.
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Fig. 1 EUV lithography system for semiconductor manufac-
turing [5].
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Fig.2 Typical reflection characteristic of Si/Mo multilayer mir-
ror [6].
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Table 1 Requirements for EUV light

manufacturing (HVM) [6].

source for high volume

Source characteristic

Requirement

Wavelength

135 nm

EUV power atIF (2%band width, 13.5nm)

115 W

Repetition frequency

>7~10 kHz

Integrated energy stability

+ 0.3%, 30 over 50 pulses *

Source cleanliness

= 30,000 hours

Etendue of source output

max. 1 ~3.3 mm?sr

Solid angle input to illuminator

0.03~0.2 sr

Spectral purity:130 ~400nm(DUV/UV) < 3~7%
= 400 nm

to be discussed

* 0 is the dispersion of the output energy over 50 pulses.
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Fig. 3 Schematic energy level diagram of Xe®* [11].
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Fig.4 Calculated spectrum of Xe’" to Xe'', and synthetic
spectrum of Xe plasmaat Te=22eV,and nj=3x10"7cm™3
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Fig. 5 Contour plot of the conversion efficiency (PCE in unit of
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steady-state collisional radiation model. Maximum of
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Fig.7 EUV spectra at Xtreme Z-pinch EUV sources with tin and
xenon [16].
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bution during pinching. Diameter of the discharge tube
is 5 mm [22].
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Fig. 13 Effect of an external magnetic field on the plasma
pinching process.
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g. 14 Effect of an external magnetic field on the temporal de-
velopment of radial electron density distribution of Z-
pinch plasmas. Left: without the magnetic field, right:
with the external magnetic field of 120 gauss. Diameter
of the discharge tube is 5 mm. [28]
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Fig. 15 Historical development of EUV output in Phillips Ex-
treme UV [10].

Table 2 Present status of EUV source development. (mostly presented at the 3rd EUVL Symposium at Miyazaki, November 14, 2004)

EUVA Xtreme Technology Philips Extreme UV Plex LLC Cymer™*
Discharge type Z-pinch + plasmainjection| Z-pinch + pre-ionization | Z-pinch + hollow cathode trigger Star pinch Plasma focus
Radiator Xe Sn (in progress) Xe Sn Xe Sn Xe Sn (in progress) Xe
Input power / energy per |56 kW /8] — 15 kW 6 kW cw 20kW/5] - 10kW /124]
pulse 13.4 kW min
Repetition frequency 7,000 Hz bst — 1000 Hzcw 5000 Hz bst |>5,000Hz >5,000Hz4 [2,000 Hz - 1,000 Hz cw
4,500 Hz bst 260 Hz min 4,000 Hz bst
Source power / 2 wsr 170 W bst  — 38 W cw 400 W bst 150 W bst 120 W cw 100 W bst  — 50 W cw
200 W bst 257 W min 200 W bst
Power at IF 12 W brst - 38 Wcew 514 W bst 15Whbst 22Wcw 5 W bst -
224 W bst 46 W min
(1.8 srcollector assumed) | (1.8 sr collector assumed) (7 sr collector assumed)
Conversion efficiency/ 2z sr| 0.7 % - 1% 2.9 % 0.5 % 2% 0.5 % - 042 %
Correction solid angle 1.8 sr - 1.8 sr 1.8 sr 18 sr psr 2sr - 7 sr available
Source size 1.1 mm 1 4mm 1.3 mm¢ 45 mm - 25 mm
Energy stability o™ =13% - 0=10% 0=02% - - - 30 =20%
Collector lifetime >107 shots 108 shots 5% 106 shots |23x109shots >3 103shots|>108 shots — 107 shots

* Data shown here was presented at the 2nd EUVL symposium, November, 2003. Cymer has changes their direction to LPP base EUV source.

** cw: continuous operation, bst: burst operation, min: minutes operation.

sk

o is the dispersion of the output energy over 50 pulses.
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Table 3 Critical issues for EUVL tool development, revealed
at the Source Workshop at Miyazaki, November 4,

2004.

Priority Critical Issue Votes
1. Collector lifetime + debri mitigation 106
2. Cost of ownership 64
3. Thermal loading 44
4. Source power 39
5. Spectral purity 27
6. Higher efficiency collector designs 19
7. Non-collector critical component lifetime 12
8. IF metrology readiness 11
9. Conversion efficiency 11
10. Laser related issues 6
11. Standards for comparison of lifetime
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