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This work is devoted to evaluate the influence of the additional external magnetic field on dynamics of the
radiation in the extreme ultraviolet (EUV) range from multi-charged tin plasma of high-current pulse diode.
Investigations have shown that the use of an additional external magnetic field has improved the stability of the
plasma diode, enhanced the intensity of radiation, and changed the radiation profile.
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INTRODUCTION

In our previous studies [1, 2] we have obtained the
radiation pulses in extreme ultraviolet (EUV)
wavelength range as series of peaks of different
intensities and preferential directions of the radiation.
This paper is devoted to investigating additional
methods of the control of the intensity and orientation of
the extreme ultraviolet radiation from high-current pulse
plasma diode in the tin vapor.

EXPERIMENTAL SETUP

The experiments are carried out using a longitudinal
plasma diode shown in Fig. 1. The current in the diode
is excited between the rod and tubular electrodes by
discharge of the capacitor C, of 2.0 uF at starting
pressure of 2x10° Torr after filling discharge space by
preliminary plasma. The side surface of a rod electrode
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Fig. 1. Scheme of the experimental setup:

VC is the vacuum gap, SD is the detector AXUV-20, A is
the rod electrode, at first anode, C is the tubular
electrode, at first cathode, 1, is the Rogowski coil, V is
the voltage divider, V, is the igniting electrode
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is covered by tubular ceramic insulator to provide a
current density of about 0.1...0.7 MA/cm® on this
electrode face.
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Fig. 2. Three cases of magnetic field distribution: a) the
anode face is set in the inversion point of the magnetic
field; b) the anode face is set in the minimum of the
magnetic field; c) the anode face is set in the maximum
of the magnetic field

The diameter of the tubular electrode equals 10 mm,
diameter of the rod electrode — 5 mm, and the length of
the discharge gap is 4.5 cm. The working surface of the
electrodes is coated with 0.5 mm-thick tin layer. The
discharge voltage is from 4 to 15kV, the current
amplitude — from 5 to 35 kA, half-period of current
oscillations — 1.7 ps. The intensity of the radiation in the
12.2...15.8 nm wavelength range is measured, in
addition to the discharge characteristics, with the help of
two semiconductor detectors AXUV-20 being set
longitudinal and transverse to the discharge axis.

ISSN 1562-6016. BAHT. 2012. Ne6(82)



The magnetic field source is the permanent ring
magnet shown in Fig.2. The maximum value of
magnetic field is about 0.11T. It is set coaxially with the
axis of the discharge. In the experiments the permanent
magnet is shifted along axis to three positions, which
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intensity, discharge voltage (c¢) and current (d). The
narrow spike pulses of radiation are observed in three
half-periods of the discharge current oscillation. The
radiation pulses have different intensity and orientation
coefficients for each oscillation half-period. The
orientation coefficient is the ratio of the longitudinal
radiation intensity to transverse radiation intensity
(Tiong/Iran <1 — transverse, liong/liran >1 — longitudinal).
Fig. 4 shows the dependence of the radiation energy
in transverse (a, b, ¢) and longitudinal (d, e, i) direction
on discharge voltage in the three half-periods of the
discharge current oscillations for the different magnetic
field distributions. As it can be seen from Fig. 4 the
longitudinal radiation intensity did not change in the
cases with the additional external magnetic field. While
the transverse radiation intensity has essentially
increased in the 1% and 3" half-periods of the current
oscillations. But for 2™ half-period of the current
oscillations higher transverse radiation intensity was

obtained in the case of absence of the external magnetic
field.
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Fig. 3. The temporal dependence of the radiation
intensity in the longitudinal (a) and transverse (b)
directions, discharge voltage (c) and current (d)
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The experimental results show that in the case of
maximum magnetic field at the anode in the all half-
periods of current oscillation the radiation is observed to
be isotropic. The radiation intensity is remained almost
unchanged compared with the case of without magnetic
field. In the case of minimum magnetic field at the
anode the intensity is increased with increasing the
voltage. At lower discharge voltages the radiation is
longitudinal and at the high — transverse. The radiation
intensity achieved the highest value when the inversion
point of the magnetic field is set at the anode. Herewith
at all discharge voltages the radiation has been
transverse.
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Fig. 4. The dependence of radiation energy in transverse (a, b, c) and longitudinal (d, e, i)
directions on discharge voltage in the three half-periods of the discharge current oscillations
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Fig. 5. The dependences of pulse radiation energy in
2 steradian on the discharge voltage for different
magnetic field distributions

CONCLUSIONS

In the experiments it was shown that the external
magnetic field with a maximum value 0.11 T promotes
improvement of stable operation of the pulse high-
current plasma diode.

Although such a magnetic field is on the two orders
of magnitude lower intrinsic magnetic field in high-
current discharge stage, but it significantly influences
the primary plasma column, which determines the
subsequent dynamics of the discharge.

The peculiarity of the research is the use of a
permanent magnet ring, having an inversion point of the
magnetic field. So, the axial shift of the permanent
magnet can considerably change the topology of the
magnetic field in the discharge gap, and therefore gives
different distributions of the primary plasma.

Since the generation of multi-spikes pulses of EUV
radiation from the high-current pulse plasma diode is
due to the double electric layer formation [2]. The
electron beam, formed in the double layer, provides a
beam-plasma mechanism of local plasma heating.

Specifying certain distribution of the primary
plasma, with the help of external magnetic field,
determines the place of localization of the double
electric layer and the local heating area.

Moreover, the distribution of the primary plasma
determines and the shape of the emitted dense plasma
formation.

In the presence of radiation-induced effects the
shape of the dense plasma formation determines the
radiation direction from the plasma.
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BJIMSAHUE BHEHTHEI'O MATHUTHOT O I10OJIs1 HA THTEHCUBHOCTDH 1 HAITPABJIEHHOCTD
BY®-U3JIYYEHUSA N3 CWJIBHOTOYHOI'O UMITYJIBCHOTI'O IIVIASMEHHOT O IMOJA

E.B. bopeyn, H.A. A3apenxos, A. Hassanein, A.®. llenyiiko, B.U. Macnoes, /I.JI. Paouukos, 4. I peuko.

Pabora mocBsiiieHa olleHKe BIUSHUS JIOTOJHUTEIBHOTO BHEITHET0 MArHUTHOTO TOJIS HA TUHAMUKY H3JIy4EHHs B
JManasoHe BaKyyMHOTo yibTpaduoinera (BY®) n3z MHOro3apsHoil 1mia3Mbl 0JI0Ba CHIIBHOTOYHOTO MMITYJIBCHOTO
quona. HccnepmoBaHusl TOKaszaidM, 4YTO UCIOJB30BAaHME BHEIIHETO MArHUTHOIO HOJS TMO3BOJIAET YIYYIIUTh
CTaOMJIBHOCTh PAOOTHI IIJIA3MEHHOTO [0/, IOBBICUTh WHTEHCUBHOCTH W3JIyYEHHS W HW3MEHATH IUarpammy
HaIlpaBJIEHHOCTH M3ITyYCHUSL.

BIIJINB 30BHIIIIHBOI'O MATHITHOI'O ITIOJISI HA IHTEHCHUBHICTD TA CIIPAAMOBAHICTD
BY®-BUITPOMIHIOBAHHSA 3 CUWJIBHOCTPYMOBOT'O IMITYJIBCHOT'O IIVIABMOBOI'O A104Y

€.B. bopeyn, M.O. Azapenkos, , A. Hassanein, O.®. Ilenyiixo, B.1. Macnos, /I./1. Paouixos, A. I'peuxo

Po6oTa npucssdeHa OIiHIII BIUIMBY 10JaTKOBOTO MarHiTHOTO ITOJIA HAa AWHAMIKY BHIIPOMIHIOBAaHHS B Jiana3oHi
EKCTPEMAJIbHOIO BaKyyMHOro yibrpadionery (BY®) 3 0OararosapsaHoi IUIa3MH  OJIOBA CHIBHOCTPYMHOIO
iMImysscHOro giona. JlociiJkeHHs ITIOKa3ajiy, IO BUKOPHCTAHHS 30BHILIHBOTO MAarHiTHOTO TIOJSL JIO3BOJISIE
MOKPAIUTH CTaOUIbHICTH POOOTH IIa3MOBOTO [i0/1a, 30UIBIIUTH IHTEHCHBHICTh BUIIPOMIHIOBAHHS Ta 3MIHIOBATH
Jliarpamy CIIpsIMOBAaHOCTI BUIIPOMiHIOBaHHS.
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