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Objectives e

¢ Development of high power EUV source

e Increase of EUV output power
?EUV power = Nggerator Neoupling” Nplasma’ 1< (INPUL energy/shot) xRep-rate
?lmprovement of energy conversion efficiency - Plasma physics
?High repetition rate = All solid-state power system and water cooling

¢ Development of high quality EUV source
e Stability
?Pre-ionization - Optimum condition
» Debris generation
Minimum input energy > Improvement of energy conversion efficiency
e Debris mitigation
?Gas curtain



Contents @S
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¢ Development of high power EUV source
* Relation between current risetime and plasma property & nNqqpiing
 Relation between input energy/shot and debris generation
e Power measurements with EUV calorimeter

¢ New dectrode

 Z-pinch without surface discharge

o Separated pre-ionization circuit design
—> Optimum conditions such as plasma property, stability and EUV power

¢ Debris mitigation
» Design and test setup of gas curtain
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Block diagram of experimental system




Effect of dl/dt on plasmaradius and peak EUV output @Sz
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Effect of di/dt on spectrain visibleregion —€sze=
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¢ Visible emission lines are identified in the each pulse system of plasma

¢ Impurities O and Al in direct pulse method come mostly from the capillary
¢ Contact time between plasma and capillary in magnetic pulse compression
IS short enough to prevent impurities from being ablated
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Spectral result of monochromator - direct pulse method
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¢ Showing the beginning of emission of specific impurity lines

¢ Contact of plasma and capillary causes such impurities

¢ For magnetic pulse compression, the beginning point of impurity
lines compared with discharge current and a kind of impurities are

same, but the intensity of impurities is much lower

@S e




Time-resolved spectroscopic analysis - direct pulse method €320
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¢ Time-resolved analysis is conducted by using the grating incidence monochromator
with 600 g/mm MCP, which is gated by an 130 ns, 600V high voltage pulse

¢ After the discharge current peak, O impurity lines dominate

¢ High dl/dt and short pulse width discharge current is preferable it
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EUV output Measurements - megnetic puise compression @SEEE
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¢ EUV output energy

= 9.9 mJsr/2%BW/pulse
¢ Effectivesolid angle Xe=5.0Torr)
2> Qu=174s
¢ EUV energy at the source 2 % BW
=17.2 mJpulse
¢ EUV conversion efficiency

Multilayer Mirror  Filter = 0.24 %/pulse (Will be improved)

Parylene(0.1 um)+Zr(0.2 pm) Hatta,



Erosion of capillary @Sz

¢ Inner diameter of cathode side capillary was
changed from ¢ 2mm to ¢ 3mm because of erosion | ionizatior
¢ Study of thecapillary materid | L ik
¢ Study of the structure of electrode and capillary | o]
¢ New discharge concept Cathode

- Designed new discharge head Redial gas injection




New el ectrode - z-pinch without surface discharge O et

Gas flow

Pre-ionization Gas inlet

¢ Electrode
* Anode - Mo, inner radius: 4.2 mm
o Cathode - Mo, inner radius : 4 mm
* Insulation material > Teflon

¢ Characteristics
 Z-pinch without surface discharge

e Plasmaisisolated from insulation
material

e Xegasissupplied from axial and
radial inlet

* |solated pre-ionization circuit




Design of pre-ionization circuit @S e,

Coaxia Gun

= __"'I-+—F—' .
Magnetic pulse - .

M_L compression Semi-rigid cable
| 4

Tin plated copper
Diameter : 2.16 mm

Pre-discharge circuit

Microporous
Teflon Silver plated copper

¢ Applying separated pre-ionization circuit
- Confirm the plasma stability and EUV output Diameter : 0.51 mm

¢ Coaxia Gun
- Use semi-rigid cable
; Microporous teflon, outer radius : 2.16 mm, inner conductor : 0.51 mm Hatts,



Observation with hi gh Speed camera - Z-pinch without surface discharg(,@Sf'-i AL bk

Streak i 20 -
e : 3
. —1 0 =
Plasmagun %
Molybdenum  for Pre-ionization =
[@lectrode 1 ‘5
@)
[ " l l " O
-0 .2 0O .4
Time [us]
: Vc=9kV,P=4Torr Xe
Framing
: 120 ns _
.'I = S ‘

Pre-ionization  Pre-ionization by Pinched
by coaxial gun  magnetic switch
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Spectrawith and without surface discharge @Sz
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¢ Charging voltage Vc =9 kV,
Xegaspressure P=4.5 Torr

¢ Z-pinch without surface
discharge shows low spectrum
Intensity in entire band

¢ Al impurity lines are
disappeared

Really pinched
plasma ?

¢ Change the pre-ionization
timing and value, discharge
current
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Angular distribution of EUV energy
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¢ EUV energy of 3 mm capillary is higher than the 2 mm capillary

¢ Stability of 2 mm capillary is better than 3 mm capillary

¢ EUV energy of radial gasinjection islower than that of capillary

¢ Need the study of the pre-ionization of Z-pinch without surface discharge
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Concepts of TITech type gas curtain @Smereas.

‘ Diffuser

EUV

| Nozzle

¢ Basic concept and characteristics

» Steady state operation

» Matching of pressure at outlet of
nozzle
—> Stable discharge
- Minimum caliber (smaller load)

 Sit type supersonic jet with high Mach
number

» Nozzle with maximum expansion
structure

—> Excellent optical performance



Schematic diagram of experiment @SEse

¢ Nozzle H —

e Hypersonic type
e Mach number ? 5
e Flow width < 10 mm, thickness< 2 mm
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¢ Diffuser
» High efficient pressure recover
* Minimum influence on the
background gas pressure




Gas curtan exper |ment @SQurree,
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¢ Mach number 5 L . ‘] |
¢ Nozzle and Diffuser .Nozz'e\ o, B Diffuse
-d=5~15mm

¢ Diffuser shapes
-h=4,6,8 & Throat width: 2-6 mm
¢ Now, Basic test is being conducted

ih




Conclusions and acknowledgment
I

¢ Conclusions

» The effect of discharge current di/dt on EUV power
and debris generation is observed
e New electrode istested and will be improved

» Test bed of gas curtain has been constructed and find
optimum design value
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