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A small-sized nanosecond generator was developed to trigger a magnetron gun. A voltage pulse of amplitude up
to 20 kV is applied to anode for gun triggering. Rise and fall fronts of high-voltage pulse are 20 and 70 ns conse-
quently. Thyratron TGI11-500/16 with a low-inductive storage capacitance was used as a switch. The capacitance is
discharged to the cable transformer (input wave impedance 25 Ohm, transformation ratio n = 2) operating at a load
of 500 Ohm (the capacitance of the magnetron gun anode to ground is 40 pF). Using this resistance transformer on
RF cables makes it possible to change rapidly the polarity of the trigger pulse.
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INTRODUCTION

NSC KIPT researches the processes of intense elec-
tron beams forming in electron sources with secondary-
emission cathodes in crossed fields. The electric field
required for beam generation in a gun is created by a
voltage pulse of a special form with a spike at a flat part
from two pulse generators; this voltage pulse is fed to
the gun cathode [1, 2].

The sharpness of the wvoltage pulse fall was
20...70 kV/us at pulse-fall time of 0.3..0.6 ps. Pulse
spike amplitude 1.3...1.7 times exceeded the amplitude
of the flat part of the voltage pulse. The disadvantages
of this method are the longtime fall of the voltage pulse
spike and electric breakdown occurence at high spike
amplitude, which considerably reduces the electrical
strength of the anode-cathode gap of the magnetron gun.

In this paper a method of voltage pulse forming by
summing electric fields of two pulses in the interelec-
trode gap of the magnetron gun is proposed: a micro-
second flat-topped pulse applied to the cathode and a
nanosecond pulse with a sharp fall applied to the anode
of the gun.

For this purpose, a nanosecond pulse generator was
developed to trigger a secondary emission process in the
magnetron gun. This will increase the electrical strength
of the anode-cathode gap and increase the fall sharpness
of the voltage pulse spike.

THE METHOD OF CTEATING
A NANOSECOND PULSE GENERATOR

A generator was developed and manufactured to ini-
tiate a secondary emission multiplication process on the
magnetron gun cathode by a nanosecond voltage pulse
applied to its anode. A simplified diagram of the high-
voltage nanosecond generator is shown in Fig. 1.

In Fig. 1: Cs — storage capacitance; Rc — charge re-
sistance; T — filament transformer; r; — current sensor;
S — switch (thyratron TGI1-500/16); PIT — pulse isolat-
ing transformer; TU — trigger unit; C — filter capacities;
RT — resistance transformer.

Voltage pulse of positive polarity can be obtained by
activating the load in the cathode circuit of the switch
(thyratron S). In this case the windings of the filament
transformer T (see Fig. 1) and the pulse transformer
(PIT) should be isolated from the primary windings and
keep the pulse voltage of the specified amplitude.
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Besides, the cathode capacitance to ground increas-
es. All this leads to circuit complication and weight-size
parameters increase and the cathode total capacitance to
ground can negate the generation of a nanosecond volt-
age pulse of given amplitude.

Rc Cs

N
174
}' LW\I fa) Ja anode

RT circuit

Fig. 1. A simplified diagram of the high-voltage
nanosecond generator of positive polarity with multipli-
cation of output voltage by resistance transformer
on radio-frequency cables with wave impendence

Therefore, in order to simplify the circuit and reduce
considerably the dimensions of the pulse generator for
obtaining the output voltage of positive polarity a simple
inversion on RF cables is used (Fig. 2). The storage ca-
pacitance Cs is discharged through the thyratron S (TGI1-
500/16) onto the braid of the radio-frequency cable.

TDS

Fig. 2. Block diagram of the generator with storage
capacitance, anode load and transmission path

In Fig. 2: S — switch (thyratron TGI1-500/16); Cs —
storage capacitance; Rc — charge resistance; Ri — dis-
charge current sensor of the thyratron; 1., — transmis-
sion path (RF cable RC — 50-3); Ry, Rg2 — voltage di-

15


mailto:nreshetnyak@kipt.kharkov.ua

vider; R, — anode load; Cag — magnetron gun anode ca-
pacitance to ground.

The amplitude and wave form of the output voltage
of the pulse generator depend on:

- the value of the storage capacitance Cs;

- the transformer ratio of the resistance transformer
on RF cables;

- the value of the anode load resistance;

- the value of the anode capacitance to ground,;

- the parameters of the thyratron grid circuit TGI1-
500/16 (C3, R1);

- the length of the cables of the transmission path;

- additional induction.

Functional diagram of the nanosecond pulse genera-
tor is presented in Fig. 3. Where T1 — power transform-
er; VD1 — VD4 — diode bridge; Cl1, C2, C5, C6 — filter
capacitance; TU — the thyratron trigerring unit; S — thy-
ratron TGI1 — 500/16; R1 — limit resistance of grid cur-
rent; R2, R3 — grid voltage divider; R6 — charge re-
sistance; R4, R5 — charge resistance divider; C3 — grid
filter capacitance; C4 — charge capacitance.

A A

N N
trig @ Ré R4 ﬁ RS

TU C4 anode
HH+
Ics N
R2
R[] cs®

Fig. 3. Generator of nanosecond pulses of positive
polarity. Electrical schematic diagram

Dividers R4 and R5 are used for measurement of the
charge voltage, dividers R2 and R3 — for measurement
of the voltage on the thyratron grid, which is used to
trigger TDS oscilloscope. Pulse generator dimentions
are 300x220%300 mm.
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Fig. 4. Simplified equivalent circuit of the storage capaci-

tance discharge Cs with an artificial oscillating loop (a),
simplified equivalent circuit of the generator (b)
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Simplified equivalent circuit of the storage capaci-
tance discharge Cs with an artificial oscillating loop and
a simplified equivalent circuit of the generator are pre-
sented in Fig. 4, where L4 — discharge loop inductance;
R; — current sensor for determining the maximum dis-

charge current through the thyratron (switch S); Ly —

additional loop inductance; R, — load resistance, Ly —
discharge loop inductance; Cs — storage resistance; Ru —
arm of the input voltage divider; 1;., — transmission path
(RF cable RC — 50-3); S — switch; Ri — switch current
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sensor; Rl — load resistance, R, — anode load; Ry, Ry, —
anode voltage divider.

Since RF cables with a wave impedance of 50 Ohm
are used, the load resistance value will vary from 17 to
100 Ohm depending on the number of cables and the
way they are connected.

Fig. 4,b shows a simplified equivalent circuit of the
generator in which the load is the resistance transformer
on RF cables with a multiplication factor of k = 2, an
output resistance of 100 Ohm and an input resistance of
25 Ohm.

Low resistance R (0.5 Ohm) and input resistance of
the transformer represent the voltage divider at the
transformer input with a division factor of 50.

The current of the storage capacitance discharge is

ltir = Uc/pictn,
where p, — wave impedance of the discharge loop; Uc —
charge voltage; r;. — load resistance.

Dependences of the output voltage on the storage
capacitance value are presented in Fig. 5,a,b.
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Fig. 5. Dependencies of input (negative) and output
(positive) voltages on the value of the storage
capacitance: 1,2 — without and with anode load
Uz = 16 kV. The cable length is 5 m. The transformation
ratio is 2. a — capacitance is 620 pF;

b — capacitance is 300 pF

As can be seen from the oscillogram (see Fig. 5,a)
the voltage pulse is 9 kV at maximum charging voltage
of 16 kV and storage capacitance of 620 pF. The volt-
age will be about 7 kV at storage capacitance of 300 pF;
it is a small value for investigation of the magnetron gun
trigger on the anode.

Further the increase of the generator output voltage
is possible by reducing the internal resistance of the
generator, that is, by increasing the value of the storage
capacitance up to several thousand picofarads (Fig. 6,
where Cs = 3.6 nF). The dependences of the output
voltage across the magnetron gun anode on transmission
path parameters are presented in Figs. 6, 7.
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Fig. 6. The dependence of the output voltage across the
magnetron gun anode on transmission path parameters:
1 — p=50 Ohm; 2 — p,=25 Ohm, 3 — transformation
ratio n-2. Four RF cables are mixed at input
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Fig. 7. The dependence of the anode output voltage on
transmission path parameters. Charge voltage is 10 kV:
1 — p=25 Ohm; 2 — n=2 (resistance transformer);
3 — =50 Ohm

As can be seen from oscillograms (see Figs. 6, 7),
using the resistance transformer allows increasing the
output voltage. In this case, increasing the resistance in
the anode circuit leads to output voltage increase.

The dependence of voltage across the anode of the
magnetron gun on the load resistance in the anode cir-
cuit is presented in Fig. 8.
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Fig. 8. The dependence of voltage across the magnetron
gun anode on the load resistance in the anode circuit
of the magnetron gun

The dependence of the generator output voltage on
the load voltage is presented in Fig. 9.

It follows from Fig. 9 that the amplitude of the out-
put voltage pulse increases 1.4 times with increasing the
load resistance by a factor of 2 at a charge voltage of
10 kV.
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Fig. 9. The dependence of the generator output voltage
on the load voltage: R1 = 170 Ohm; R2 = 240 Ohm;
R3 =360 Ohm

Thus, using a cable phase shifter whithin nanosec-
ond range we have obtained:

- a considerable reduction in the generator mass-
dimension parameters;

- decrease of the generator production time;

- increase of the operation reliability;

- use of protection elements in the generator power
supply (0...16 kV) ensures safety of work at high volt-
age;
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- possibility of rapid changing the voltage polarity
across the magnetron gun anode;

- increase of the voltage across the magnetron gun
anode at considerably lower charge voltage of the stor-
age capacitance (using a resistance transformer on RF
cables).

In this case, the optimum total resistance of the an-
ode circuit (together with voltage dividers) is 500 Ohm.
Voltage pulse of 17 kV was obtained on the anode at a
charge voltage of 10 kV.

Thus, the possibility of adjusting both the rate of fall
(rise) of the nanosecond pulse and its form was provid-
ed. It was achieved by changing the value of the storage
capacitance, as well as the parameters of the transmis-
sion path.

MEASUREMENT OF VOLTAGE
NANOSECOND PULSES

Fig. 10 shows a circuit for measurument of voltage
nanosecond pulses. VVoltage pulses from the generator of
trigger pulses (GT1) of negative polarity are fed to the
anode of magnetron gun A, into the circuit of which a
load resistance of 216 Ohm is applied which is a voltage
divider with division factor of 12 and further division by
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Fig. 10. Circuit for measurument
of voltage nanosecond pulses

FC (Faraday Cup) load is a resistance of 5.5 Ohm
with a voltage division factor of 11. Triggering the os-
cilloscope TDS-2012 is carried out by a voltage pulse of
the thyratron grid.

Fig. 11,a,b show voltage pulses across the anode of a
magnetron gun of positive and negative polarities, at
which experiments were carried out to trigger secondary
emission in the magnetron gun.
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Fig. 11. Voltage pulses across the magnetron gun
anode; a — positive polarity; b — negative polarity,
vertical scale of 5 kV/div
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BBICOKOBOJIbTHBIA HAHOCEKYH/IHBIN UMITYJIbCHBII TEHEPATOP
JIJIS1 BAITYCKA MATHETPOHHOM ITYILIKA

H.I'. Pewuemnsk, B.I1. Pomacovko, H.A. Yepmuues

Pa3zpaboTran ManorabapuTHBI HAaHOCEKYHIHBII Te€HepaTtop Uil 3allycka MarHeTpOHHOW mymku. Wmmyibe
HanpsOKeHUs aMIuuTy ol 1o 20 kB g 3amycka myniky nogaércs Ha e€ aHoz. PpOHTHI HapacTaHUs U CIIajia BBICO-
KOBOJIBTHOTO UMITyJibca cocTaBisitoT 20 u 70 He. B kadecTBe koMMyTaTopa ucronb3oBan tupatpon TIM1-500/16 ¢
MaJIONHIYKTUBHON HAaKOMUTEIbHOW EMKOCTBIO. Paspsin éMKoCTH ocymiecTBisieTcsl Ha KaOenbHbIH TpaHcdopmaTop
(BxomHOE BOJNHOBOE compoTuBieHHe 25 OM, Kod(h¢dumumeHT TpaHcpopMmamun n=2), paboTalomuil Ha HATPy3Ky
500 Om (émKocTh aHOMA MAaTHETPOHHOW MymKH Ha 3emiro 40 nd). Vicnonp3oBaHue JaHHOTO TpaHc(opMaTopa co-
MIPOTUBJICHUH Ha PaAMOYacTOTHBIX KaOEIsX JaeT BO3MOKHOCTH OIEPATHBHO M3MEHSTH MOJISIPHOCTD 3aITyCKAIOIIETO
UMITyJIbCa.

BUCOKOBOJIbTHUII HAHOCEKYH/ITHUI IMIIYJIbCHUI TEHEPATOP
JUIA BAITYCKY MATHETPOHHOI TAPMATH

M.I. Pewemnsx, B.Il. Pomacvxo, 1.0. Yepmiuies

Po3pobneno ManorabapuTHUN HAHOCEKYHAHUI T'eHepaTop AJs 3allyCKy MarHeTpOHHOI rapMartu. IMmmynsc Ha-
npyrd amiutityznoro a0 20 kB ais 3anycky rapMaTi nojgaethes Ha ii aHoA. PPOHTH HapOCTaHHS 1 cHajly BUCOKOBO-
JILTHOTO iMITyJibey cTaHoBIsTh 20 1 70 He. B sikocti komyTaTopa Brkopuctano tuparpon TT'11-500/16 3 manoinmyk-
THBHOIO HaKOIIMYYBaJIbHOIO €EMHICTIO. PO3psi eMHOCTI 31 ICHIOETRCS Ha KaOebHUI TpaHchopMaTop (BXiIHUA XBH-
mpoBHH omip 25 Om, koedimieHT TpaHcdopmarii n = 2), mo npamroe Ha HaBaHTaxkeHHsT 500 OM (eMHiCTH aHOIA Ma-
THEeTpOHHOI rapMaTy Ha 3emitto 40 nd). Bukopucranns ganoro Tpanc(hopmaTopa oInopiB Ha pajiodyacTOTHHX Kale-
JISIX JTa€ MOXKIIMBICTH OTIEPATHBHO 3MIHIOBATH MOJISIPHICTH 3aITyCKal04OTo IMITYJIBCY.
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