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Introduction

Gas-filled discharge switch devices are widely used for high voltage pulse
generation in radiolocation techniques, for laser pumping and electromagnetic (in-
cluding X-rays) radiation generation, in electrophysical apparatus, technological
facilities for material treatment, and ozone generators, due to their best relevant
features [1, 2]. Extant devices, however, are not capable to resolve all actual prob-
lems of power pulse generation, so development of new switches with enhanced
features is required. The most actual is creation of the fast gas discharge switches
with full control, i.e. as closing/opening devices. The opening devices are capable
to interrupt electrical current with simultaneous sharp rising up voltage to high
values and the most known devices of such kind are the tacitron type thyratrons
with a grid control. However, the usual tacitrons contain the hot cathode with well
known demerits, therefore the development of tacitrons with a cold cathode is the
vital problem. The cold cathode may provide long lifetime, high radiation re-
sistance, low cost, etc. This work deals with development and investigation of the
tacitron type cold cathode device which can not only interrupt the current but limit
the maximal current, too.

Electrode structure of the gas tetrode

The device employs the hydrogen high density glow magnetron discharge (~
1 A/lcm2) maintained within a cylindrical hollow cold cathode, which is immersed
in an axial magnetic field generated with a permanent magnet (see Fig. 1). Two
microperforated grids are placed between the open end of the hollow cathode and
a flat main anode of the device. The first grid serves as an anode of the glow
magnetron discharge. The second grid serves as control one for regulation of an-
ode current.

The hollow-cathode effect together with the action of axial magnetic field
provides beautiful conditions for gas ionization by secondary cathode electrons
and generation of dense discharge plasma. The plasma surface in the openings of
the first grid serves as an electron emitter for the anode part of the device. The
products of gas pressure p and gaps d between the grids and between the second
grid and the anode are very small (d ~ several millimeters); that is corresponding
to pd values at the left of the left branch of Paschen curve. Hence, the self-main-
tained discharge between the gaps is impossible (as in vacuum) and we have the
combination of gas discharge part with vacuum one. However, some gas ion gen-
eration by electrons emitted through the first grid and ion compensation of elec-
tron space charge in the anode part occur. This provides low electrical impedance
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of the gaps.
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Figure.2. Anode current I, dependence on an-
ode voltage U, at different control pulse volt-
ages of the 2" grid. Load resistance equals zero

Figure.1. Schematic structure of experimental
tacitron electrodes; 1 — hollow cold cathode, 2-
auxiliary pre-ionizing discharge electrode; 3 —
1% grid; 4- 2™ grid; 5- anode; 6- supplemental
element of 1% grid
Operation performance of the two-grid tacitron

During the given work, very interesting features of control over the cold-
cathode gas-discharge tacitron with two grids under the high anode voltage
(Ua = 10-20 kV) have been revealed. There are three operation modes: thyratron,
pure tacitron, and current limiting modes. In the first thyratron mode, the device
works only as a closing switch. In the second tacitron mode, the device works as
a closing/opening switch (therewith the anode current pulse duration is defined
by the width of positive voltage pulses applied to the second grid), so the device
works as a current interrupter. In the third mode, device works as a closing/open-
ing switch but additionally the value of anode current is set up by the second grid
voltage, so the anode current value is regulated by the second grid voltage and the
device works as a vacuum tube (see Fig. 2). In the last mode, in the case of short-
age of the anode load the anode current value 1, was limited by our device.

The following maximum peak anode current values I, have been obtained:
in the thyratron mode — 500 A, in the tacitron mode — 75 A, in the current limiter
mode — 5...18 A (at peak pulse anode voltage U, = 10 kV, current pulse duration
—1...3 us, average anode current — 150 mA, voltage drop during current pulse —
300...650 V). The study of the tacitron with cold cathode is in progress. We con-
sider the future work on development of the tacitron should be devoted to choice
of the cold cathode material to minimize the switch-on time and the voltage drop
during current pulses.
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AHOTaIis

Oco0nuBoCTI poOOTH BHUCOKOBOJBTHOIO Ta30pO3pSAIHOTO KOMYTYIOUOTO
Mpuiaja TACITPOHHOTO THUITY 3 IBOMA PEILITKaMH YIPABIIHHS 1 XOJOIHUM KaTo-
JIOM B MarHitTHOMY nodii. [Ipuctpiii Moxke mepeMHuKaTi eJIeKTPUYHHUI CTpyM Mpu
BHCOKIM Hampy3i B THPATPOHHOMY pEeXHUMI (SIK 3aMUKalOuuid NepemMuKay), B pe-
KHUMI1 TaCITPOHY (SIK IEPEMUKAY SIKUM 3aMUKA€/BIIMUKAE), a00 B AKOCTI TACITPOHY
3 aBTOMaTUYHUM OOMEKEHHSIM MaKCUMAaJIbHOIO 3HaYEHHS aHOJHOTO cTpyMy ( B
SIKOCT1 KOPOTKOTO 3aMHKaHHS B JIAHII031 HABaHTaXEHHs). Taki pe:kuMu poOOTH
IPUCTPOIO Peasi3yloThCs YEPE3 HEBEIIUKI 3a30pH MIXK MIKponep(opoBaHUX Kepy-
IOYUX CITOK 1 aHO/Ia 3 BUKOPUCTAHHAM KOHKPETHUX PEXKUMIB pOOOTH IMITYJIbCHUX
PELIITOK YIpaBiIiHHS.

KurouoBi ciioBa: npuiiai-BUMUKay, TaCITPOH, XOJOAHUHN KaTO, 00OMexKyBad
CTpyMYy.

AHHOTALIUA

OcobenHoctu pabOThl BBICOKOBOJBTHOTO Ta30pa3psIHOTO0 KOMMYTHPYIO-
mero npudopa TACUTPOHOIO TUIA C JIByMS YIPABIISIIONIUMU CETKAMH U XOJIOJ-
HBIM KaTOJJOM B MATHUTHOM TOJI€. Y CTPONUCTBO MOXKET NEPEKII0YATh dJIEKTpUUe-
CKHH TOK IIPH BBICOKHUX HaNPsKCHHUSIX B THPATPOHHOM PEKHUME (KAK 3aMBIKAFO-
U KITF0YEBON NpUOOp), B PeKMME TACHTPOHA (KaK 3aMBIKAIOIIUI/BRIKITFOUAO-
mui npulop), WIM B KaYECTBE TACUTPOHA C aBTOMATUYECKUM OTPAHUYEHHUEM
MaKCHMaJIBHOTO 3HA4Y€HUs aHOJHOIO TOKa (B ClIy4ae KOPOTKOI'O 3aMBIKAHHS B
Leny Harpy3ku). Takue pekuMbl pabOThl YCTPONCTBA peau3yroTcs Oiarogapst
HEOONBIIUM 3a30paM MEX]y MUKPONEpP(POPUPOBAHHBIMHU YIPABISIOLIUMHU CET-
KaMU U1 aHOJa C UCTIOJIb30BAHUEM CIELIMATIbHBIX PEXKUMOB PaOOThI YIPABIISIOLIUX
CETOK.

Kiarw4eBble ¢jioBa: BBIKIIOYAIOIMKUK TPUOOP, TACUTPOH, XOJOIHBIM KaTOJ,
OrpaHUYUTEIb TOKA.

Abstract

The features of operation of a high-voltage gas-discharge switch device of
tacitron type with two control grids and cold cathode in magnetic field are con-
sidered. The device is able to switch electric current at high voltages in the thyra-
tron mode (as a closing switch), in the tacitron mode (as a closing/opening
switch), or as a tacitron with automatic limitation of maximal value of the anode
current (in the case of shorted load circuit). Such modes of device operation are
realized due to small gaps between the microperforated control grids and the an-
ode and employing specific pulse operation modes of the control grids.
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