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for Droplet Laser Plasma Sourcesfor Droplet Laser Plasma Sources

• Mass-limited tin-doped droplet target consumes significantly small amount 
of tin compared to the other source configurations

•The amount of handling tin per week, per year and over the entire source 
lifetime is reasonably small

•The amount of tin inventory is a very important issue in EUVL for  high 
volume manufacturing
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EUVL source requirements Vs amount of tin in targetEUVL source requirements Vs amount of tin in target EUV source facilities in LPLEUV source facilities in LPL

Standard target configuration in Laser Plasma Lab. (LPL)Standard target configuration in Laser Plasma Lab. (LPL)

Estimated tin consumption and mirror lifetimeEstimated tin consumption and mirror lifetime

ConclusionConclusion

Target Chamber

Vacuum: 4x10-4[Torr]

Laser

1064 [nm], 100[Hz], Max. 300 [mJ], 10 [ns]

Focusing lens

Focal length: 50, 100 [mm]

Target dispenser

Droplet target Diameter: 30~50 [μm]

Faraday Cup Ion Probe 

Distance from source: 50 ~ 150 [mm] 

Ion Spectrometer

Max. Ion energy: 5.0 [keV] for Z=1

Thomson parabola

Max. Ion energy: 10 [keV]

EUV inEUV in--band power outputband power output Collector optics lifetimeCollector optics lifetime
Higher tin concentration Low tin concentration

MassMass--limited tinlimited tin--doped droplet targetdoped droplet target

No excess target material

Whole target completely ionized

Controlled laser intensity

Controlled plasma temperature

Thermalized plasma

No fast ion generation

•Continuous droplet delivery at high 
repetition rate <10 kHz to >100 kHz variable

•Small target size ~35 μm diameter

•Limited number of tin atoms contained

•Only a few % of atoms are tin ~ 1013 atoms 
of tin

•Large separation between targets > 500 μm

Target Chamber

Vacuum: ~10-4 Torr

Lasers

Custom built, precision Q-switched, 
Nd:YAG laser, 11.5 ns pulse, 1064 nm, 
1-5 Hz, 1.7J max  energy

Target dispenser

Droplet target Diameter: 30-50 mm

Chamber details:
Pressure: 1e-5 Torr
16 ports

Plasma diagnostics:
EUV energy meters
Spectrometers
Ion probes
Ion spectrometers
Witness plates
Quartz Crystal Micro Balances

Chamber
30 cm in diameter, 18 cm in height

eight ports separated by 450

eight ½ inch NPT feedthroughs.  

Vacuum:   4 x 10-6 Torr

Laser
Q-switched Nd:YAG laser, 1064 nm

Repetition rate 2– 10 Hz

Maximum Energy   ~200 mJ 

Pulse duration  10.5 ns, Gaussian

Pulse-to-pulse stability  < 3%

Minimum focused spot size is ~30 μm

MassMass--limited tinlimited tin--doped droplet target is installed indoped droplet target is installed in

Example based on LPL source Example based on LPL source 

Target delivery at 100 kHz
1013 atoms/target

Laser operation at 30 kHz
1kW laser operating at 3 kHz
10 modules multiplexed
Laser input energy 300mJ
CE >2%
EUV source power at target 180W
Collector mirror with large collection angle >2π
In-band power > 100W

Total tin delivery
30,000 hours (10yrs) at 100 kHz 1013 targets
20 kg delivered into chamber

Total tin used
by laser operating at 30 kHz
7 kg shot by the laser
TIN CONSUMPTION LESS THAN 1KG/YEARTIN CONSUMPTION LESS THAN 1KG/YEAR

Total tin retrieved
30,000 hours (10yrs) at 100 kHz 1013 targets
14 kg recycled over 10 years

This amount of tin is not shot by laser

With exposure cycles (9 sec/wafer)
168 hrs/week
120g tin delivered for a week
Only 9.2 g/week consumed to generate plasma
~ 500 g/year

Total tin handled per year 6.5 kg
Total tin retrieved per year 6 kg

LESS THAN 10 KG OF TIN INVENTORY IS ENOUGH LESS THAN 10 KG OF TIN INVENTORY IS ENOUGH 
FOR 1 YEAR FOR EACH SOURCE FACILITYFOR 1 YEAR FOR EACH SOURCE FACILITY

Case studies for other source configurationsCase studies for other source configurations

If source size is 100 μm diameter and 100% tin concentration
Each target contains 3.8 μg of tin
Assuming the operation at 7 kHz (laser at the same frequency)
Total number of target  shot by laser over 30,000 hrs = 7.6 x 1011 targets
2.9 tons of tin used over 10 years -> 300 kg/year

300 kg of tin will be deposited inside source chamber 
each year without recycling

Laser pulse energy >1J
To control the laser intensity for high CE (1011 W/cm2)
focus diameter >300 μm with 10 ns pulse

The amount of tin consumed to generate EUV emission is unknown
Assuming 90% of tin retrieved and  targets delivered on demand
1.1 x 109 targets per week 
4.2 kg per week delivered
3.8 kg per week retrieved
420 g/week of tin spreading into source chamber

Total tin handled per year 226 kg
Total tin retrieved per year 203 kg

Tin inventory for each EUV source facility is significantly large

If 1μg of tin is ablated from the electrode surface in discharge source configuration
760 kg of tin is consumed over 30,000 hours at 7 kHz operation

If 10 source modules are exchanged over 10 years
76 kg of tin is recycled from a source module

Further discussion of tin consumption is necessary with sufficient information

Tin inventory for other source configurations is large
even if tin recycling scheme are used
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Pointing stability 30μm

Gaussian fit   0.93
M2 1.3

Far Field Beam Performance

Ion spectra from tin-doped droplet plasma

Witness plate comparison

Precision synchronization

PlasmaLaser beam
Imaging

Imaging

Motion control
Target supply

Delay control
Laser trigger

Position analysis
Post processing

Targets

PlasmaLaser beam
Imaging

Imaging

Motion control
Target supply

Delay control
Laser trigger

Position analysis
Post processing

Targets

Intelligent 3 –D imaging feedback system 
controls target and laser beam pointing 

3-D droplet stability of 3 μm

24 hour operation at 
30 kHz 

Single term operation 
for several days 
already demonstrated 

30 kHz stable laser irradiation demonstrated
Laser shoots every droplet!

35 μm35 μm30 kHz 
drople
ts

Ideal source configuration for HVM EUVLIdeal source configuration for HVM EUVL

High stabilityHigh stability

Adapted various laser systemsAdapted various laser systems

MassMass--limited tinlimited tin--doped droplet target will be installed indoped droplet target will be installed in

Mirror lifetime estimation Mirror lifetime estimation 

•The collector mirror lifetime is estimated using quantitatively measured ion kinetic energy distributions
•and calculated surface sputtering yields of Si and Mo under Tin ion bombardment
•There is no sign of fast ion generation from tin-doped droplet plasmas
•For 10% drop in the mirror reflectivity at the end of  lifetime, 600 hours at 7 kHz and >100 hours at ~ 30 kHz are estimated
•High transmission and high ion suppression mitigation scheme extends the lifetime significantly

28%

21%

7%

Higher tin concentration
Higher CE

Tin-doped droplet

Solid tin

Higher CE from 
Solid tin target

Tin-doped droplet Solid tin

Even without control

1s

30s

60s

120s

100 Hz laser operation
Captured single plasma
No control, No feedback applied
Visible images

1 Hz
M2 ~ 1.2
1064 nm
532 nm
355 nm
11.5 ns
Max. 1.7J

100 Hz
1064 nm
532 nm
10 ns
Max. 300 mJ

Industrial High Power Laser
Diode pumped, Q-switched, 
variable rep. rate 3-10kHz
1064 nm
Max. 800W

10 Hz
1064 nm
532 nm
10.5 ns
Max. 120 mJ

Vacuum: <10-4 Torr

Two 3000lps turbo pumps

Industrial proven high rep.rate

high power laser

FFS spectrographs

EUV energy monitor

Activating

Two 3000lps 
turbo pumps

1Hz precision
laser

~40μm diameter105 shots 103 shots

Advantages
Disadvantages

Tin Discharge sources 

Tin droplet sources
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