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Abstract: A laser-produced plasma(LPP) source was built using liquid as target and a Nd: YAG laser as the irradiation la-
ser, and the LPP source’s radiation with ethanol and acetone target respectively was measured by an AXUV100 silicon
photodiode combined with a McPHERSON model 247 grazing incidence monochromator of the resolution AA<C0. 075 nm
and the wavelength scanning interval 0.5 nm. Both ethanol and acetone target LPP source had EUV emission at 11~ 20
nm wavelength. The comparison between the spectra of the two kinds of target materials shows that all the two kinds of
target source’s spectra are the result of oxygen ions’ transitions under current source’s parameters, but the spectrum inten-
sity from different target sources is different. The spectra intensity from the ethanol target is higher than that from the
acetone target., In addition, the target liquid is forced into the vacuum chamber by the background pressure supported by
the connected external high pressure gas, and the influence of the background pressure on the source’s intensity is investi-
gated.
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tics. In experiments, the metal targets with in-
1 Introduction terdiction facilities cannot meet the need of actu-

al applications. Thus the change of target design

LPP sources hold great promise as bright
sources of extreme-ultraviolet (EUV) and soft
X-ray radiation for applications such as projec-

Lzl L1 However,

tion lithography-'*, microscopy
with LPP source, the applicability is restricted
due to the emissions of debris, which may dam-
age sensitive metrology components close to LPP
source. To reduce the debris, methods concen-
trating on two aspects have been applied before
the appearance of gas and liquid targets. One as-
pect is to reduce the amount of debris, the other

is to interdict the debris from reaching the op-
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is putting forward, that can reduce or eliminate
the debris fundamentally. There are the follow-
ing types of sources until now: gas target, gas
cluster target, cryogenic target and liquid target

A1 In this paper, we propose a

LPP source
LPP source with liquid target. It is a low-debris
and high-efficiency soft X-ray source, which can
be operated chronically and continuously. It has
wide applications and good prospects in various
fields. For ethanol and acetone are materials
common, cheap and consisting of oxygen ions,

they are chosen to be the source’s target.
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2 Source structure and experiments

We developed a liquid target LPP source,
and its schematic diagram and principle for work
is shown in Fig. 1. The source comprises a tem-
perature-controlled electromagnetic valve, a Q-
switch Nd: YAG laser, a pulse signal-generator
and a liquid collector. The laser is a Q-switch
Nd: YAG laser delivering 10 Hz of ~1 J~7 ns
long pulses at A=1 064 nm. The beam is focused
onto the liquid droplet with a lens, which is be-
low the nozzle 10 mm away. An AXUV-100
photodiode (IRD company) is used to record the

spectra combined with the monochrometer.

Ethanol(3 040 kPa) ale

Laser beam
to Monochromator

Differential pumping stage
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Fig. 1 Schematic diagram of the LPP source

There are two operation modes for this
source: pulse mode and continuum mode. For
the former, three pulses generated by the signal-
generator trigger Xe-lamp of laser, Q-switch and
electromagnetic valve respectively in terms of
certain time sequence. The laser beam focuses
on the liquid micro-droplet exactly, generating
LPP, and emitting soft X-ray. For the latter,
liquid is injected into the chamber continuously
from the nozzle, forming LPP and emitting
stronger soft X-ray.

The target material is reagent-grade liquid,
being forced into the vacuum chamber by high
pressure gas connected with the liquid tank. The
high pressure is about 3 040 kPa. The vacuum
chamber is pumped by turbo-molecular pump.

Besides, to keep the main chamber pressure of

the monochromator, a differential stage is used.
The spectrum measurement system is com-
posed of a monochromator, a detector and the

amplification circuit, shown in Fig. 2.
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Fig.2 Experimental setup

The monochromator is the grazing inci-
dence monochromator, with a 600 lp/mm blazed
grating. For the grating, the spectrum resolu-
tion is 0. 015 nm when the incidence angle is 88°
and the slit width is 10 ym. The scanning slit
together with the detector moves along the Row-
land circle when the wavelength scans.

Spectra were recorded by an AXUV 100 sil-
icon photodiode. Because of the weak signal, a
charge sensitive preamplifier is used to amplify
the output signal from the diode. A data acquisi-
tion card (NI-DAQ6023E) transfers the analog
signals into digital signals and a VI program
based on NI-labview processed the data and

saved them in a PC computer.

3.0¢
O1s2p-1523d
L O152p154d S-S

01s%2s-1s%3p

H(au.)

02s2p-2s3d

Fig. 3 EUV emission spectra obtained from ethanol

target LPP source
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Fig.4 EUV emission spectra obtained from acetone

target LPP source

3 Results and discussion

In the experiment, the laser pulse’s peak in-
tensity is 8 X 10" W/cm?. Ethanol and acetone
were used as target respectively and the spectra
at 11 ~20 nm were recorded. Fig. 3 and Fig. 4
show the spectra obtained from the two kinds of
target LPP source. They show that there exist
five strong line emissions in the 11 ~20 nm re-
gion. According to spectrum calculation by
COWAN program™?, these lines are all genera-
ted from electronic transitions in oxygen ions.
They are transitions of 1s*2s-1s*4p (11.58 nm),
1s*2p-1s4d (12.98 nm), 1s*2s-1s*3p (15. 01
nm), 1s*2p-1s’3d (17. 30 nm) and 2s2p-2s3d
(19. 37 nm) ,respectively.

Though the intensity is not the absolute
value, it demonstrates that the spectra from the
ethanol target are higher than those from the ac-
etone target since the spectra were recorded at
the same conditions. Because the ratio of oxygen
in ethanol is higher than in acetone, so under the
same conditions one laser pulse can interact with
more oxygen ions in ethanol than in acetone.

In the process of the experiment it was

found that the pressure forcing the liquid into

the vacuum chamber has an important influence
on the spectrum intensity. So at a certain wave-
length, we measured the intensity while chan-
ging the pressure. Figure 5 shows the result.

It can be seen that below 2020 kPa, the
spectrum intensity is weak because liquid injec-
ted into the chamber is little. From 2020 kPa to
3 040 kPa, with the pressure increases, the in-
tensity increases for the liquid interacting with
the laser pulse increases. While above the 3 040
kPa, this kind of trend disappears, which shows
that 3 040 kPa maybe the suitable background

pressure for the current nozzle orifice.
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Fig. 5 Gas pressure influence on spectrum

4 Conclusion

The LPP EUV source with liquid target can
be used as a high brightness source for soft X-
ray and EUV generation. It is debris free and
suitable for more kinds of liquid target. In the
future,work can be done focusing on how to im-
prove the laser’s in tensity at the focus point,
how to improve the source’s stability and how to
improve the conversion effieciency from laser to
EUV. This source is now working in State Key

Lab of Applied Optics on a daily basis.
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