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Magnetoplasma compressor (MPC) of compact geometry has been designed and tested as a source of EUV
radiation. In present paper diagnostic system for registration of EUV radiation is described. It was applied for radiation
measurements in different operation modes of MPC. The registration system was designed on the base of combination
of different types of AXUV photodiodes. Possibility to minimize the influence of electrons and ions flows from dense
plasma stream on AXUYV detector performance and results of the measurements has been discussed.

PACS: 52.59.Dk, 52.70.Kz

1. INTRODUCTION

Development of powerful high-stable source of
vacuum ultraviolet radiation (EUV, A~13.5nm) is
important from the point of view further technological
progress in production of microelectronic components by
photolithographic method. There are several advanced
types of the devises for solution of this problem: laser
plasma systems with solid target (tin, lead, lithium),
different kinds of plasma discharge devices (z-pinches,
plasma foci and MPC systems with xenon plasma,
capillary discharges etc), plasma devices with metal
powder and tin vapour [1-3]. All these devices have some
advantages and disadvantages, but there is general
important  diagnostic task for development and
improvement these facilities as light sources —registration
and measurement of EUV radiation in different wave-
length ranges with high temporal and spatial resolution.

2. SCHEME OF EUV REGISTRATION
SYSTEM

One of the most universal methods of EUV radiation
registration is based on application of semiconductor
photodiodes. The photodiodes for registration of EUV
spectral range must be installed in vacuum chamber,
because EUV radiation is strongly attenuated in
atmosphere. The semiconductor detectors can be used
with different kind of filters for selection of necessary
wavelength range. Applying filters result in reduce of the
radiation intensity and measured signal amplitude.
Thereby, the photodiodes must have sufficient sensitivity
in this range. Another important detector parameter is
amplitude-frequency characteristic, since a majority of
EUV sources have pulsed regime of operation. Typical
pulse duration lies from several nanoseconds to some
microseconds. In this work, absolutely calibrated AXUV
diodes manufactured by IRD inc. were used to measure
the radiation intensity and radiation energy in required
wavelength ranges [4]. From these measurements
efficiency of radiation source can be evaluated.

The AXUVE based diagnostic system for selection
and registration of EUV radiation from plasma stream
was designed, manufactured and tested in plasma

experiments. The block scheme of registration equipment
is shown in Fig. 1. This system consists from duralumin
corps with 20 cm in diameter, height of 6 cm and
connection tube from stainless steel with maximum
diameter of 26 mm and 10 cm in length. Connection tube
consists from two coaxial tubes. Outer tube is used for
connection of diagnostic system with vacuum chamber of
plasma source [5, 6] and for vacuum pumping of corps.
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Fig. 1. Block diagram of the registration system

The inner tube with diameter of 12mm has two
diaphragms (input and output). The diaphragms determine
line of view and spatial resolution for measurements of
EUV radiation. Typical spatial resolution in near axis
region is below 1cm. Two permanent magnets were
installed between walls of inner and outer tubes in order
to provide deflecting magnetic field with strength up to
0.5T inside inner tube. This field prevents charged
particles penetration into the registration tract.

In central part of diagnostic system the multi-layer
mirror has been installed. The mirror has a possibility for
rotation around the centre of corps providing variation of
reflection angle from the mirror surface. The multilayer
mirror [7,8] in registration system was adjusted for
radiation in 13.5 nm wavelength, but radiation in visible
wave range could be reflected from mirror too. Possible
influence of visible radiation on results of AXUV
measurements has been checked. The detector in special
holding system was mounted on rail in registration system
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and had possibility of moving around the centre of corps
and measuring visible and EUV radiation. Different types
of AXUV diodes were applied for EUV radiation
measurements.

Output part of the inner tube has holding ring for
installation of different kinds of filters [9]. It made
possible changing the range of wavelengths, which
measured by AXUV (without additional internal filter).
Aluminium foil with different thickness and quartz was
also used as filters in our experiments. Multi-layer Mo/Si
mirror was applied in first stage of experiments as
selective element.

3. INFLUENCE OF CHARGED PARTICLES

The flow of particles from plasma stream through the
connection tube to AXUV surface is one of possible
obstacles for accurate measurements of EUV. Copper
collector (with size corresponding to AXUV dimension)
was applied for measurements of particles current. The
collector was installed into AXUV holder with line of
view directly to the plasma stream through varied number
of diaphragms. The flow of electrons and ions along the
connection tube to the collector surface was registered.
The current of ions measured by collector was up to
(0.1...0.3) A if no diaphragms applied. A typical signal of
particles current to the collector is presented in Fig 2.
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Fig. 2. Wave forms of discharge current at U.=20 kV (1),
particles current to the collector (2) and radiation in
visible wave range, measured by photodiode(3)

As it is shown in this figure, the currents of electrons and
ions were clearly observed. The current of electrons
appears first and it starts earlier than signal from
photodiode. Duration the electron current signal is about
6...8 us. The current of ions starts after 10...12 ps from
the discharge ignition and in the same time moment with
photodiode signal. The duration of ion current is about
30-35 us and it corresponds to duration of radiation in
visible wave range. The maximum value of ion current in
this figure is about 0.1 A. The values of electron and ion
currents were decreased by several times using input and
output diaphragms with diameter of 1 and 1.2 mm
correspondingly, but it still has essential level up to
(1...3)x107A. Time evolution of electron and ion currents
remains without changes. Two permanent magnets were
installed between walls of outer and inner connection
tubes for more effective suppression of electron and ion
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currents. The magnets provided magnetic field across
particles flow direction with strength up to 0.5 T. In this
perpendicular magnetic field most of particles were
deflected to the wall. Thus electron and ion currents to the
collector decrease drastically. The detected current falls
down (1...2)x10° A. Thereby, the negative influence of
particle current on EUV measurements was reduced
below the level of sensitivity in diagnostic equipment.

4. TESTS OF REGISTRATION SYSTEM
AND FIRST RESULTS

First experimental tests of registration system were
made to check the influence of high power visible
radiation from the compression zone to our EUV detector.
The AXUV-20 photodiode with Mo/Si film on the surface
was used for EUV measurements in narrow bandwidth of
12.2...15.8 nm. Detector was installed to the holder of
registration system. A quartz glass was applied as the
filter for visible light selection. It was installed in front of
AXUV-20 Mo/Si. Radiation measurements from the
plasma stream showed that radiation with wave length
more than 200 nm and, in particular, in visible wave
range did not registered by the detector. The level of
signal was less than 1 mV (noise-level). Thus, the
radiation in visible wave range doesn’t make influence on
measurements in EUV region.

Typical signals from AXUV (in EUV region), the
radiation intensity of visible xenon lines (observed by
photoelectronic multiplier with spectral selector) and the
discharge current are shown in Fig. 3. From this data
follows that with reduction of wavelength the start time of

light emission shifts to the moment of discharge ignition.
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Fig. 3. Waveforms of discharge current and radiation
intensity in visible and EUV region

Thus, the experiments show that the electromagnetic
radiation from plasma discharge, and also the particles
flux from the plasma stream to AXUV through
connection tube, doesn't make any influence on
performed EUV measurements.

It was found that radiation peak from the
compression zone, measured in half width, is about
3...5ps. The intensity of EUV radiation rises with
increase of discharge current and this increasing is faster
than registered grow of visible radiation intensity.

EUV radiation depends on operation modes of
magnetoplasma compressor. It was discovered that most
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CUCTEMA PETMCTPAIIMU BY®- U3JYUEHUSA U3 KCEHOHOBOM IJIA3MbI BBICOKOM
IJIOTHOCTH, TEHEPUPYEMOM MIIK
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B.B. Cmansuyos, /I.B. Enucees

Marnutornazmenssiii komnpeccop (MIIK) kommakTHOW TeomeTpum ObUT pa3paboTaH M HCOBITAH B KadecTBE
UCTOYHMKA m3mydeHns BY®. B Hacrosmeil paboTe onrcaHa JUATHOCTHYECKAs CUCTEMA JUIS PETHCTPAIH H3ITydeHHs
BY®. IIpoBemenbr m3mepenusi BY®-uzmydenus B pasznmuHbix pexkumax pabotsr MIIK. Cucrema permctpanuu
IIOCTpOEHa Ha OCHOBE COYETaHMSA pazauyHbIX THIOB (otoanonoB AXUV. Beuto mccrnemoBaHO BIUSHHE ITOTOKA
OJICKTPOHOB M HOHOB M3 IUIa3Mbl Ha MOBCPXHOCTb ACTCKTOpA, a TaKXKE BUAMMOTO M3JIYUYCHHS Ha PpE3yJIbTaThbl
U3MEpEHU.

CUCTEMA PEECTPAILII BY® BUITPOMIHIOBAHHS 3 KCEHOHOBOI IIVIA3SMU BUCOKOI
I'YCTUHU, IKA TEHEPUPYETHCS MIIK

10.B. Ilempos, 1.€. I'apkywia, A. Hassanein, /I.I'.Conaxos, I.K. Mapuenko, B.B. Yebomapvos, M.C. Jladuzina,
B.B. Cmansuyos, /I.B. Enicecs

MarnitomrazmoBuii kommpecop (MIIK) kommakTHOT reomeTpii 0yi0 po3po0iIeHO i BUPOOYBAHO Yy SKOCTI JKepema
BunpomiHioBaHHss BY®. V 1ifi pobOoTi ommcaHa miarHOCTHYHA CUCTeMa s peectparlii BYd-punpomiHOBaHHS.
IIpoBeneno BumiproBanHs BY ®- BumpoMiHioBaHHS B pi3HuX pexumax podorn MIIK. Cucrema peectpariii modymoBaHa
Ha OCHOBI MTOETHAHHS pi3HUX TUMIB (oTomioniB AXUV. Byio goCiiKeHO BIJTUB IOTOKY €IEKTPOHIB Ta 10HIB 3 TUTa3MHU
Ha MMOBEPXHIO JIETEKTOPa, & TAKOXK BUMMOIO BUITPOMIHIOBAHHS HA Pe3yJbTaTH BUMIPIOBAHb.
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