5}

PHILIPS

Fraunhofer Institut

Lasertechnik
Philips Extreme UV:

a Joint Venture Between Philips and Fraunhofer Institute

Hollow Cathode Triggered Pinch Plasma
Source for EUV Lithography

J. Pankert

Philips Extreme UV PHll.lPS




Picture of sources

lity

iona

h power sources with control functi

ig

-Fourh

low power sources

)

ial purpose

- Two spec

Philips Extreme UV



Outline

Concept of the source
Power scaling and stability
Pinch size

Spectral purity

Roadmap

Philips Extreme UV PHll.lpS



Concept of source

Anode

. Principle of operation

dy ¥

:

Cathode d..

- self breakdown mode
- low inductance design (few
nH)

- pulses of few J
Phases of discharge:

- ignition
- pinch phase
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eft branch of Paschen curve
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General design properties

A

- Background pressure:

10-3- 10 mbar q Pump
- Source opening:

up to TTsr ——

gas E=—=0> '
- All metallic materials _

Cooling channels
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Triggering facility

; \V ; ﬁ g} Power supply

Anode

Cathode: -U

N Trigger unit
\_—|— (low power switch)

-U+300V

Takes away the initial electrons
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Triggering is key to open operation margins and precise timing
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Power scaling

« Scaling of frequency and pulse energy
« Power supply

e Conversion efficiency

« Run-up behaviour

 Cooling

 Timing of pulses
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Trigger operation

jitter <200 ns

- ] CE: 0.2% in2m

/
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Ch1 Low
—-1.46 ¥

Ch1 Min
-1.46 VY

Y EUV

Ch4 10.0mve

Md40.0us A | ......

ch1_s00mV
1.00V @ Chd_ 5.00mve

064.20%  Pesnsemvard ittt bttt e

Ch1l 500mv M1.00us| A Ch3 & 1.72V

Ch3 1.00v < [WFE] 10.0mve | 22 Oct 2001
15.60 % | 16:29:44
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High frequency and power

TBKSIOP g S |
voltage 1 chi max
1.05 V
Clipping
positive
Ch2 Freq
] 3.660kHz
EUV diode signal
lrigger SigNal 5 i wsse s o) i et v v
""" 500mV__ |Ch2_ 10.0V M 200us| A Ch2 4  6.40 V|
Ch3_5.00V |Ch4_1.00V | 24 Aug 2001
46.20 % | 11:57:40

3660 Hz @ 3J pulse energy

(operation for few seconds)
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Block wise operation

Ton 1.15 v
""" 1.14 ¥V
Ch1_500mv__ @ 1.00 V] |M400ms] A Chl J —230mYV, Ch1 500mv Ve 500mv v JM20.0ms A Chi 7 —230mv
4 Oct 2001 4 Qct 2001
17:44:30 o+ 71.6000ms 17:36:20

EUV signal Voltage Transient of 2 shots
Energy stability: 10% (10)
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Cooling

 Water cooling in all the metallic electrodes
 Finite element modelling
« Thermal imaging for verification

- 30 kW cw input power feasible
- 90 kW input power with 1:2 duty cycle equally feasible
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Pinch geometry

Set-up:
CCD camera
T
e )
] pinhole (35 um)
Filter box:
- Zr filter
— 1| | - multilayer filter
- CaF filter
- no filter
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pinch geometry (average 200 shots, 5 J pulse energy)

17° 25° 32° 43°

anode edge edge of
diaphragm
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Single shot versus average

single shot 200 pulses
without filter with Zr-filter
(12.4-20nm)
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Angular dependence of total signal
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CCD End-on measurement (35um pinhole)

no filter Zr filter CaF filter

max. 160 cts/pulse max. 7.5 cts/pulse max. 0.1 cts/pulse
- no significant intensity > 130 nm (UV or visible)

- max. 50% of the radiation outside 11 - 16 nm
- out of band radiation mainly below 130 nm
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Collectable power

10 kW @ CE 0.2% in 2rtmeans 20 W in-band power in 21

however:
Etendue limitation Typical collector opening 2sr
pg /

collectable power: ~ 2W

Property of source and optics
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Spectral purity: A filter costs 50% of the energy

100 %
o0 %
diode
20 %
J ] TO %
1l Reflectivity of ML mirror
] diaphragm 3
phrag _—— f \H
— CaF,, Zr+ML 5 / ~ |
T 0 %
20 %
CaF, edge
0%
diaphragm diameter: _
7. Open 0% 1
2. Cut-out of source volume :
0%

0 '1|:l:IEl:l:I3:l:IfIIIﬁIIEi:l:I
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DUV + visible spectrum unknown
worst case assumption: All the energy is at 130 nm

DLEE LI rrrTrTrErri | L L D ] rrr Y rrrETrrTnre 50
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(DUV+vis)lin-band EUV: ~ 150% over total volume
~10 % in source volume

spectral purity filter not necessary
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Long term stability

Erosion of electrodes is a problem!

samples exposed to 1 M shots Electrode life time:
from HCT EUV source

- traces of erosion visible after 108 shots

f— n:-pu“d. 1 M shaols R
—— unexposed. _ - 10" shots serious challenge
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Roadmap power:

2W @ 10 kW input
collection efficiency x2
conversion efficiency x2
input power x3

=24 W @ 30 kW cw input
=72W @ 90 kW input 1:2 duty cycle

We may have to resort to another radiator (Li, Sn)!
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