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7. Conclusion7. Conclusion

1. Introduction 1. Introduction 

Axial Dynamics of Z-pinch Plasmas Driven by 100 ns-long Current PulsesAxial Dynamics of ZAxial Dynamics of Z--pinch Plasmas Driven by 100 nspinch Plasmas Driven by 100 ns--long Currentlong Current PulsesPulses

In order to find a direction to improve the conversion efficiency from the discharge energy 
to EUV yield (CE), it is important to understand the plasma dynamics and EUV radiation 
mechanism. This paper discusses the dynamics of Z-pinch plasmas driven by a fast  rise-
rate current, which is based on time-resolved measurements including 

1. visible imaging
2. EUV imaging
3. Thomson scattering (Ar plasmas)

3. EUV Emission Dependent on Xe Gas Flow Rate 3. EUV Emission Dependent on Xe Gas Flow Rate 

Acknowledgements : This work was supported by NEDO, EUVA, and 
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► Plasma motion along Z axis is dynamic.
► After the first compression, plasma split into two parts and they 

move in opposite direction in Z axis.

4. Time-Resolved Visible Imaging4. Time-Resolved Visible Imaging
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► Plasma is dynamic not only in the radial direction but in the axial direction. 

► EUV radiant plasma drifts toward the vacuum side together with high temperature 
region. 

► This plasma dynamics determines the EUV source size. 

5. Time-Resolved EUV Imaging5. Time-Resolved EUV Imaging

► No EUV emission occurs during the 
primary compression with X-ray radiation.

► EUV emissive region drifts toward the 
vacuum side. This drift determines the 
EUV source size.

15 shots superposed in each

time (10 ns interval)

► A micro channel plate used as a detector of the pinhole camera was driven by 
pulsed voltages. Time resolution determined by the pulse width is 5 ns. 

13.5 nm11 nm

primary compression

2. Z-pinch Device2. Z-pinch Device

Condition
Xe gas flow rate: 30 ~80 cc/min
Repetition rate : 100 Hz
Input energy per shot:  E0 = 15.3 J
Insulator wall: 5mmφx10 mmL
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diagnostics

Ich

Vc

magnetic switch
(FINEMET core)

capacitor bank
42 nF

magnetic pulse 
compressor (MPC)

D.C. current for 
core reset

Xe gas

anode

cathode

window

current monitor
voltage monitor

High-speed 
visible camera

Transmission spectrograph 
with EUV pinhole camera

Fast X-ray detectors

Nd-YAG Laser
(5 ns) Thomson Scattering System

30º

30º

15º

Bz coil

Fast in-band EUV detectors

5 mm

Al2O3 Insulator

0

5

10

15

20

25

30

35

40

0

5

10

15

20

20 40 60 80 100

Ip
 (k

A
)

in
-b

an
d 

E
U

V
, X

-r
ay

 y
ei

ld
s 

(a
.u

.)

Xe gas flow rate (cc/min)

ID = 5 mm
E

0
 =15.0 J

in-band EUV

I
p

X-ray

-20

-10

0

10

20

0

0.2

0.4

0.6

0.8

0 50 100 150 200 250 300

P
la

sm
a 

C
ur

re
nt

, I
p [k

A]

E
m

is
si

on
 [a

.u
.]

I
p

EUV

time (ns)

X-ray

Xe 50 sccm

0

5

10

15

20

25

30

35

40

0

1

2

3

4

5

6

20 40 60 80 100

so
ur

ce
 le

ng
th

 a
lo

ng
 Z

 a
xi

s 
(m

m
)

E
0
 = 15 J, 

ID = 5 mm

Xe flow rate (cc/min)

E
U

V
 y

ie
ld

 p
er

 p
ul

se
 (a

.u
)

in-band EUV

L (1/e2)

L (1/e)

100 sccm70 sccm50 sccm40 sccm30 sccm

Primary energy：15 J/shot
Xe flow rate : 50 sccm
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 at Z = 1 mm

Typical waveforms of plasma current, 
X-ray and in-band EUV emissions

Xe flow

Amplitude of Plasma current and in-band 
EUV and X-ray yields versus Xe flow rate

EUV spectra at Z = 1 mm Spatial distribution of 13.5 nm emission

Source length as a function of Xe flow rate

► X-ray radiation occurs in the case of a small 
flow rate of Xe gas. No EUV emission is 
observed during the X-ray radiation.  

→ Primary compression of rarefied gas ??? 

► X-ray yield is decreased with increasing the 
gas flow rate.

► EUV spectrum and source length is varied 
with the Xe flow rate.

► The variation of the EUV spectra indicates 
the plasma temperature is decreased with 
increasing the Xe flow rate. 

Xe flow

6. Thomson Scattering Measurement of Xe and Ar Plasmas6. Thomson Scattering Measurement of Xe and Ar Plasmas

1mm1mm1mm Target
spatial resolution  50 μm

Nd:YAG Laser 5 ns

Scattered Spectra (ion term)
Spatial Distribution of Temperature, Average 

Ion Charge along Z axis (Ar plasmas)

laser (532 nm±30 pm)

► The ion term peak shift due to thermal 
motion of Xe plasmas is not sufficiently 
large to estimate the plasma parameters.

► Spectrum shift indicates the plasma drift.
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► High temperature region drifts to the 
vacuum side, which coincides with the 
motion of EUV radiant region.
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