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Experiments were made to investigate the operation of the modulator in combination with the storage capacitor,
using the nonlinear properties of the core material of the pulse transformer for the formation of long pulses. Studies
were made on the parameters of voltage pulses at the secondary winding of the pulse step-up transformer. We have
considered the influence of the PT core demagnetization current and voltage on the shape of the output signal.

PACS: 41.75.Fr, 87.50.Mn

1. INTRODUCTION

Powerful electron beams present one of the effective
means for modifying the surface properties of materials.
This is currently central for strengthening reactor struc-
tural materials, improving their wear resistance, and in-
creasing the service life of reactor components. Being
exposed to the beam, the material surface is quickly
heated up to the transformation temperatures to a depth
of about the range of particles in the given material, and
then it is allowed to cool. It has been demonstrated in
refs. [2,3] that the optimum parameters of the electron
beam for modification of material surfaces are as fol-
lows: electron energy 100...400 keV, power density on
the material surface under treatment 1...5 MW/cm?
pulse duration 5...50 ps.

In recent years, consideration has been given to
magnetron guns with cold secondary-emission cathodes
in crossed fields [3]. These guns have a number of ad-
vantages: they are simple in design, retain emission af-
ter letting to air, and their service life may attain
100,000 hours. They hold promise for their use as elec-
tron sources for modification of material surfaces. For
power supply of these guns, it is necessary to have a
pulse modulator with long pulse duration (up to 100 us).
The generation of such pulses is a rather complicated
task. It appears reasonable to make use of the nonlinear
properties of the core material [4] of the pulse trans-
former for the formation of long pulses in the modulator
with the use of a storage capacitor and a pulse trans-
former. The present paper is concerned with the studies
into the possibility of creating the pulse modulator for
energizing the magnetron gun with a secondary-emis-
sion cathode.

2. THE EXPERIMENTAL SETUP AND THE
RESEARCH TECHNIQUES

The experiments were performed at the setup
schematically presented in Fig.1. The figure gives the
circuit of the pulse modulator with the storage capacitor
C =1.5 uF (load resistance R,= 880 Q). At discharge of
the storage capacitor to measure the generator resis-
tance, additional resistors R.aa = 12 Q, 21Q, 36 Q were
connected in series with the storage capacitor. Studies
were made on the parameters of voltage pulses at the
secondary winding of the pulse step-up transformer
(PT) for the discharge of the storage capacitor through
the PT, at different currents of PT core demagnetization
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Fig. 1. Measurement circuit

The pulses were registered by means of a possible to
match the signal amplitudes for their further transforma-
tion and processing in the ADC and PC. The signals are
registered in the digital form in steps of 200 ns. The
measuring error ranges within 1 to 2%.

3. EXPERIMENTAL RESULTS AND DIS-
CUSSION

The output voltage pulse is substantially influenced
by the current of PT core demagnetization. By varying
the demagnetization current luenm it is possible to vary the
working point position on the hysteresis loop with its
shift into the nonlinear region of the loop, where the
magnetizing inductance of the PT decreases, and hence,
the pulse shape changes.

The effect of demagnetization current, and corre-
spondingly, of the PT working point position on the pa-
rameters of the pulse was investigated for the modulator
with the storage capacitor. We have considered the influ-
ence of the PT core demagnetization current on the shape
of the output signal at a constant output voltage (Fig.2). It
can be seen from the figure with a decrease in the current
14 the voltage pulse duration in the secondary winding of
the PT also decreases. For example, at Is = + 20 A the
pulse duration makes 14 ps, while at I = - 20A the pulse
lasts 4.5 ps.

Fig.3 shows the pulse duration in the secondary
winding of the PT as a function of the output voltage at
a demagnetization current of + 20A (the demagnetiza-
tion current value was chosen from the consideration of
the PT operation in the linear part of the hysteresis
loop). At low voltage amplitude values the voltage pulse
falls off practically linearly. At high voltage values, two
stages may be distinguished in the voltage drop: at the
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first stage the voltage drops slowly, while at the second
stage it drops quickly. In the first case, this is due to the
operation in the linear part of the hysteresis loop, and in
the second case the working point is shifted to the non-
linear part of the hysteresis loop, and the sag of the
pulse becomes more abrupt.
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Fig.2. Output signal shape versus demagnetization cur-
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Fig.3. Pulse length as a function of output voltage am-
plitude

The wave resistance of the discharge circuit of the
modulator with the storage capacitor (measured with the
use additional resistor R.ia) has been determined to be
~ 1.5 Q. This result is necessary for calculating the pa-
rameters of the modulator.
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Fig.4. Normalized output voltage pulses of amplitudes:
1-120kV; 2-107 kV; 3—100kV,; 4 -85 kV;
5 - 75 kV. The demagnetization current is 20 A
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Figure 4 shows the voltage pulses of different ampli-
tudes at the PT secondary winding, which were normal-
ized to their maximum value. It is seen that up to a cer-
tain moment of time (for 9 ps) all the pulses drop by the
same law; the sag of the pulse for 9 microseconds
makes 17%.

The sag of the pulse can be reduced by connecting
an additional inductor L., in series with the storage ca-
pacitor [6]. Calculations were made to find the depen-
dence of the pulse shape on different values of addition-
al inductance. Results of calculations ousted in the Ta-
ble, which gives the following pulse parameters: the
maximum amplitude U/U,, front time T, duration at a
20% sag of a pulse 7ys. It is clear from the table that
with a series connection of the additional inductor the
pulse duration increases, and the sag of the pulse gets
reduced. But in this case the pulse amplitude also de-
creases, while the pulse rise time increases.

The pulse parameters
Ladd ,MH t, us Tos,US U/Uo
0 0.7 9 0.77
40 2.7 11.4 0.67
60 4 12.1 0.65
100 6 13.6 0.61
4. CONCLUSION

The present measurements and calculations have
demonstrated that nonlinear properties of the pulse
transformer core material may be used for the formation
of long pulses in a modulator. This leads to a decrease
in the pulse decay time. By introducing an additional in-
ductor it appears possible to form the shape of the pulse
peak so as to obtain nearly a rectangular voltage pulse.
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K BOIIPOCY OB YBEJIMYEHUU JUINTEJILHOCTH UMITYJILCA HATIPSIKEHUS JIMHEMHOTO
MOJIYJISITOPA

B.B. 3akymun, H.I'. Pewuemnsx, B.I1. Pomacvko, H.A. Yepmuuyes

[IpoBeneHbI 3KCIIEPUMEHTHI IO HCCIEIOBAHUIO PAOOTHI MOAYISATOPA C HAKOMHUTENBHONH €MKOCTBIO, C LIENBI0 HC-
TOJIb30BAaHMSI HEIMHEWHBIX CBOMCTB MaTepHala cepledHHKa MMITYJIbCHOTO TpaHcdopmaropa aist (OpMHUPOBaHUS
HMITYJILCOB OOJNBIION JUIMTEIbHOCTH. V3ydanich napaMeTphbl UMITYJIbCOB HANPSDKEHHUS Ha BTOPUYHONH OOMOTKE MM-
MyJIBCHOTO TpaHc(opmMaTopa. PaccMoTpeHo BiIHMsSHUE TOKA pa3MarHMYMBaHUs CepeYHHKA UMITYJILCHOTO TpaHchop-
Maropa W HalpspKeHHs: Ha (pOpMy BBIXOJHOTO CHTHAA.

JIO MIUTAHHS PO 3BLIBIIEHHS TPUBAJIOCTI IMITYJIBCY HAIIPYTU JIHIMHOI'O
MOAYJATOPA

B.B. 3akymin, M.I. Pewsemnsx, B.Il. Pomacvko, I.A. Yepmiuges

[IpoBeneni eKCEpUMEHTH MO JIOCTIPKEHHIO POOOTH MOZIYJATOpPAa 3 HAKONMYYBAHOIO €MHICTIO, 3 METOIO
BUKOPUCTOBYBaHHS HENIHIHHMX BJIACTUBOCTEH MaTepialy ocepis IMIYJIbCHOrO TpaHchopMaropa 3amis
(hopMyBaHHS IMITYJILCIB BEJIMKOI JTOBKMHU. BUBUanucst mapaMeTpy iMITyJIbCiB HAIpy>KEHHsI Ha BTOPHHHIA 0OMOTII
iMITyJIbCHOTO TpaHcdopmaropa. Po3risiHyTo BIUIMB CTpyMy pO3MarHidyBaHHS Ta Hanpyru Ha (opMy BHXIiJIHOTO
IMITyJIBCY.
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