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The pulse generators were developed to trigger the high-voltage dischargers of magnetic systems and the dis-
chargers of the generators of pulsed voltages used by the relativistic electron beam (REB) accelerator “TEMP-B”.
The description of the triggering pulse generators designed by the NSC KIPT to actuate the dischargers of the pulsed
voltage generators (PVG) and the dischargers of magnetic systems has been given. These are used by the commuta-
tion systems of capacitor banks with the stored energy margin in the range of 60 to 150 kJ. The generators provide

the generation of voltage pulses with the amplitude of up to 20 kV.

PACS: 29.20.-c; 29.90. +r

INTRODUCTION

The REB accelerator “TEMP-B” with the energy re-
serve of up to 150 kJ is intended for the generation of
the high-power REB pulses and the slowing-down
X-ray emission. The generator enables the generation of
the REB with the current of 2 to 20 kA and the particle
energy of 300 to 800 keV. Just one current pulse of the
accelerator is able to yield a maximum dose of the slow-
ing-down X-ray emission, i.e. ~ 9100 P. The main pow-
er supply source of such an accelerator is the pulse volt-
age generator (PVG) that was assembled according to
the specially updated Arkadev-Marx circuit. It consists
of the four (4) parallel operating channels. The shaped
high-voltage pulse is sent via the electrode from PVG to
the magnet-isolated vacuum diode of the REB accelera-
tor. The diode is divided into two parts. The first part
connects the PVG electrode with the insulating column
and the second part is a vacuum in the insulating col-
umn. The magnetic field is applied to shape and trans-
port the REB and avoid the beam current losses in the
vacuum diode. The magnetic field is created by the cur-
rent flowing through the conical and cylindrical sole-
noids. The conical solenoid is situated outside the vac-
uum diode and it provides the magnetic insulation. The
cylindrical solenoid is arranged inside the vacuum diode
and it is intended for the REB shaping and transporting.
To provide a stable operation of the shaping and accel-
erating line the REB accelerator requires the noise-
immune discharger triggering systems. The transistor-
type generator circuits developed by us shape the high-
voltage pulses of 20 kV that are used to trigger high-
power dischargers. These have galvanic decouplers be-
tween the input control pulse and the pulses of the de-
vices designed to directly actuate high-power discharg-
ers. These dischargers provide a considerable decrease
in electric noises that arise during the operation of the
devices of this type and considerably improve a stable
operation of the accelerator on the whole.
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TRIGGERING PULSE GENERATOR
FOR THE HIGH-VOLTAGE DISCHARGERS
OF THE PVG

A successful operation of the REB accelerator
“TEMP-B” requires a reliable operation of its numerous
units. It can be attained through the stable triggering of
the all systems of it [1]. Pulse signals are sent from the
synchronizing device to the pulse generator to actuate
the high-voltage dischargers of the PVG. Transistor-
type high-voltage pulse shaper-based circuit was devel-
oped to provide a stable operation of triggering dis-
chargers. The generator provides the generation of volt-
age pulses with the amplitude of up to 20 kV and the
current of 5 A in the short-circuit mode; the pulse dura-
tion of the first half-wave is 12 ps and the pulse repeti-
tion rate is within 10 Hz. Fig. 1 gives the generator cir-
cuit designed for the actuation of the high-voltage dis-
chargers of the PVG.
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Fig. 1. The generator circuit designed for the actuation
of the high-voltage dischargers of the PVG

The circuit consists of the dividing transformer T1;
the voltage doubler consisting of VD1, VD2, C1 and
C2, storage capacitors C3 and C4 and the symistor-
based switch-board VD6, and the step-up pulse trans-
former T3 whose secondary winding sends the signal to
the control electrode of the discharger. The symistor
VTA41-800V acts as a switch-board that provides the
discharge of storage capacitors onto the high-voltage
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transformer. The transformation ratio of the transformer
T3 is equal to 35. The secondary high-voltage winding
of the transformer consists of the four (4) sections and it
enables the generation of the triggering pulse within the
order of 20 kV. The triggering pulse generator devel-
oped for the actuation of the dischargers enables the
generation of the actuating pulse several times higher
than that of similar devices [2]. Fig. 2 gives the voltage
pulse oscillogram.
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Fig. 2. Output voltage pulse oscillogram
in the idling mode

A maximum value of the current that flows in the
discharge circuit is defined by the inductance of the
primary winding of the transformer and it is equal to
about 40 A. Fig. 3 gives the current oscillogram ob-
tained in the short-circuit mode.
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Fig. 3. Triggering current pulse in the short-circuit
mode for the active loading of 0.13 Q2

The VD6 symistor control pulse is sent from the
triggering device via the dividing transformer T2 and
the current limiting resistor R3. The control pulse that
actuates the symistor VD6 has a positive polarity with
the amplitude of 15 V and the duration of 4 pus. The re-
sisters R1 and R2 are intended for the limitation of the
charging current of storage capacitors C3 and C4. The
resistor RS confines the discharge current of the capaci-
tors C3 and C4 to the level of 400 A. The light emitting
diode VD4 indicates the operation of the actuating gen-
erator. The represented triggering pulse generator circuit
allowed us to attain the stable actuation of high voltage
dischargers and it can be applied for the power supply
systems used by the VPGs and pulse current generators
(PCGs) that contribute to the solution of different tech-
nological problems relating to the change in the proper-
ties of condensed media, modification of the surfaces of
polycomposite materials, etc.
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TRIGGERING PULSE GENERATORS
FOR THE HIGH-VOLTAGE DISCHARGERS
OF MAGNETIC SYSTEMS

Triggering pulse generators used for the actuation of
the high-voltage dischargers of magnetic systems gener-
ate the pulses that drive the dischargers of conical and
cylindrical solenoids [3]. These allow us to create the
appropriate conditions for the magnetic insulation and
for the beam transportation. The delay in the actuation
of the discharger of the cylindrical solenoid is within the
order of 15 ms. The magnetic field intensity of the coni-
cal solenoid was equal to 4 kE and the intensity of the
magnetic field of the cylindrical solenoid intended for
the REB focusing and transportation was equal to
11.7 kKE. Magnetic systems are actuated by the spark
dischargers R1 P. 21654, assembly 7 that were devel-
oped by the Institute for the Physics Technology of the
Academy of Sciences of the Ukrainian Soviet Socialist
Republic and these are used as the switch-boards for the
energy — intensive capacitor banks. Usually the hydro-
gen thyratron-based triggering pulse generator circuit is
used. The hydrogen thyratron discharges the prelimi-
nary charged high-voltage capacitor bank onto the pri-
mary winding of the high-voltage transformer. The gen-
erated high-voltage pulse is sent from the secondary
transformer winding to the control electrode of the dis-
charger. The application of the hydrogen thyratron pre-
supposes the use of the high-power filament trans-
former, the high-voltage power supply source to charge
the storage capacitor, and the shaper of the high —
voltage driving pulse that is sent to the net-shaped elec-
trode of the thyratron. It takes approximately 5...7 min
for the hydrogen thyratron to get prepared for the opera-
tion.

The suggested generator circuit allows us to get rid
of the large-size transformers, to use standard semicon-
ductor devices and to cut uptime. The triggering pulse
generator circuit designed for the actuation of the high-
voltage dischargers of magnetic systems is given in
Fig. 4.
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Fig. 4. The triggering pulse generator circuit
designed for the actuation of high-voltage dischargers
of magnetic systems
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The triggering pulse generator circuit designed for
the actuation of the high-voltage dischargers of mag-
netic systems includes the voltage converter fabricated
using the push-pull circuit with the midpoint on the
VT1-VT2 transistors. The converter operation fre-
quency is 16 kHz. The limitation of the charging current
of the capacitors C6 to Cl1loccurs at the level of 30 mA
at the initial time instant, using the capacitor C1 for the
input ac voltage circuit. As the capacitors C6 to C11 are
charged the charging current is cut down and the con-
verter is switched to the voltage stabilization mode,
maintaining the C6 to C11 voltage at the level of 350 V.
The standard thyristor VS1-BT12-600 is used for the
switching of the capacitors C6-C11. The ignition coil
B115-U-XL with the transformation ratio of 88 is used
as the step-up transformer. When the thyrister VS1 is
switched on via the ignition coil the so-called “resonance
charge of the capacitors” C12, C13 occurs [4]. The charg-
ing of the capacitors C12 and C13 occurs prior to the
breakdown of the additional uncontrolled spark dis-
charger FV1.The breakdown voltage of this discharger is
within 10 kV. The voltage value to which the capacitors
C12 and C13 are charged is derived from the formula:

1 1
= 2UuxC M)

CG + CS‘
where U, is the C12 and C13 capacitor voltage, U, is
the C6 through C11 capacitor voltage driven to the sec-
ondary winding of the step-up transformer and it is
=K,-U,= 88350 V =30.8-10° V, C!, is
the C6 - C11 capacitors capacitance driven to the sec-
ondary winding of the step-up transformer and it is
equal to C)=C/K. =5-10°F/88° =6.46-10""F C,,

is the C12 and C13 capacitors capacitance.

The calculated capacitor voltage value is equal to
17.3-10° V and it results in the confident actuation of the
uncontrolled spark discharger.

The formula (1) shows that a decrease in the capaci-
tance value of C, results in its increased voltage value

equal to U

in

and the action time of the high voltage is reduced.
Therefore, the capacitance value of C, is selected ex-
pecting that the action time of the high voltage that ex-
ceeds the value of the breakdown voltage of the spark
discharger would be longer than the delay time of the
breakdown of this spark discharger.
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Fig. 5. T3 spark coil voltage and current oscillogram
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The discharge of the additional capacitor Cg via the
uncontrolled spark discharger onto the built-in high-
voltage transformer of the spark discharger
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(R1 P. 21654 assembly 7) results in the actuation of this
discharger. The oscillogram in Fig. 5 shows the opera-
tion of the triggering circuit.

The oscillogram shows that the T3 coil voltage for
beam 1 is 350 V. The current measured on the resis-
tance of 0.3 Q for beam 2 is 12 A. The current change
rate in the spark coil T3 is 0.2 A/ps that enables the use
of the standard tyristor. Fig. 6 gives the oscillogram for
the uncontrolled discharger voltage measured using the
capacitive voltage divider with the dividing ratio of 200.
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Fig. 6. FVI1 uncontrolled discharger voltage oscillogram

The given oscillogram shows that the discharger
breakdown occurs at the voltage value of 10 kV.

The pulse generators developed for the actuation of
high-voltage dischargers allow us to synchronize the
operation of the REB accelerator “TEMP-B”. Fig. 7
shows the oscillogram for the total magnetic field inten-
sity distribution along the acceleration column axis with
an actuation of the two solenoids and the VPG trigger-
ing pulse is sent at the maximum intensity in magnetic
systems.
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Fig. 7. Oscillogram for control pulses and the total
magnetic field intensity distribution along
the acceleration column axis

In Fig. 7, beam 1 is the total magnetic field intensity
distribution along the acceleration column axis, beam 2
is the first solenoid triggering pulse, beam 3 is the sec-
ond solenoid triggering pulse, beam 4 is the VPG trig-
gering pulse.

The synchronizing device control pulses provide se-
ries actuation of the high-voltage dischargers of mag-
netic systems and the high-voltage dischargers of the
generator of pulse voltages are actuated at the time of a
maximum intensity of the magnetic field.

CONCLUSIONS

The pulse generators developed for the actuation of
the high-voltage dischargers of magnetic systems and
high-voltage dischargers of the generators of pulse volt-
ages enable the generation of an appropriate triggering
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pulse required for the stable operation of actuating dis-
chargers.

The circuit suggested for the generator of triggering

pulses enables the creation of a simple device for trig-
gering pulses with a low-voltage storage capacitor and it
permits the use of standard semiconductor devices and
allows us to shorten the uptime.
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IFEHEPATOPBI UMITYJIbCOB 3AIIY CKA BbICOKOBOJIbTHBIX PA3PSITHUKOB
JJIA MATHUTHBIX CUCTEM U TEHEPATOPA UMITYJIbCHBIX HAITPSI)KEHUU YCKOPUTEJISA
PEJATUBUCTCKHUX DJIEKTPOHHBIX ITYYKOB «TEMII-b>»

A.b. bampakos, A.A. 3unuenxo, 10.®. Jlonun, A.I. I[lonomapes, C.H. @edomos

PazpaboTanbl reHepaTopbl UMITYJILCOB IS 3aITyCKa BEICOKOBOJIBTHBIX Pa3psAHUKOB MAarHUTHBIX CUCTEM M I'eHe-
paropa UMITYJIbCHBIX HAPSDKEHUH YCKOPHUTEINS PENSITUBUCTCKUX AeKTpoHHBIX my4ykoB (POIT) « TEMII-by. [puse-
JICHO ONMCaHHE T'€HEPAaTOPOB M PAaCCMOTPEHa MX paboTa ¢ paspsiaHukaMu, crpoektupoBanHbiMu B HHI[ XDTU,
KOTOpBIE UCTIONB3YIOTCSA B CHCTEMaX KOMMYTAllMM KOHAEHCATOPHBIX OaTapeil ¢ 3HepreTHYeckuM 3amnacom ot 60 1o
150 x[Ix. ['eHepaTopbl 00ecIIeunBarOT ONYYEHNE UMITYIILCOB HANIPSDKEHUsI ¢ aMIUIUTy0M 110 20 kB.

IF'EHEPATOPH IMITYJIBCIB 3AITY CKY BUCOKOBOJIbTHHUX PO3PAJHUKIB J1JI51 MAT'HITHUX
CUCTEM ITEHEPATOPA IMITYJIbCHUX HAIIPYT IPUCKOPIOBAYA PEJIAATUBICTCBKUX
EJIEKTPOHHUX ITYYKIB «TEMII-b»

O.b. bampaxkoe, A.A. 3inuenko, 10.®. Jlonin, A.I. Ilonomapwvos, C.1. @edomos

Po3pobineHo renepaTopy iMITYJIBCIB SISl 3aITyCKY BUCOKOBOJIBTHUX PO3PSAHUKIB MarHITHUX CHCTEM 1 TeHepaTopa
IMITYJILCHAX HAmpyr NMPHCKOpIOBada penstuBicTchbkux enekTpoHHuX mydkiB (PEIT) « TEMII-by. IlpuBeneno omuc
TCHEPaTOopiB 1 PO3MIIAHYTa 1X podoTa 3 po3psaHukamu, cnpoekropanumu B HHI[ XTI, siki BUKOPHCTOBYIOTHCS B
crcTeMax KOMYTallil KOHIEHCaTOpHUX OaTtapeii 3 eHepreTnyHuM 3amacoMm Bix 60 no 150 x/[x. ['eneparopu 3abe3mne-
YYIOTh OTPUMAaHHS IMITYJIbCIB HANPYTH 3 aMILTiTy010 110 20 KB.
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