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For the VEPP-5 injection complex klystrons (5045, SLAC Lab., USA) power supply the four modulators pro-
ducing a pulse voltage of 23.5 kV, a current of 6.3 kA, a pulse-top-duration of 3.7 ps are used. The modulator
scheme designed over ten years ago has proved its reliability and let us to find out and study the weak spots of the
modulators. The output voltage stability and pulse-to-pulse time jitter improvements are made. The results of the
thyratrons TGI1-2500/50 and TGI1-5000/50A long-term exploitation in the VEPP-5 injection complex modulators
are presented. The test results of the thyratron TGI1-2500/50 operating in the mode of more then twice pulse current
overload at the nominal mode of modulator operation are also presented.

PACS: 29.17.+w

1. INTRODUCTION

The simplified schematic diagram of the pulse mod-
ulator used for the klystron 5045 power supply is pre-
sented in fig.1. The features of the early and later modu-
lator modifications were considered in papers [1,2,3].
The last revisions allowing one to improve the modula-

tor pulse parameters are described here.

2. THE USE OF A POSSIBILITY OF THE
THYRATRONS TGI1-2500/50 OPERATING
IN THE MODE OF MORE THEN TWICE
PULSE CURRENT OVERLOAD

Now the thyratrons TGI1-5000/50A are used as
switches at the three of four VEPP-5 injection complex
modulators. In the case of a nominal mode of operation
the thyratrons provide the commutation of a pulse cur-
rent with an amplitude up to 6.3 kA at an applied volt-
age up to 47 kV and a repetition rate up to 50 Hz. It
should be noted that the basic mode of thyratron TGI1-
5000/50A operation, according to the thyratron manu-
facturer's certificate, is the high-frequency inverter
switch mode designed at a repetition rate up to
2.75 kHz, a voltage up to 25 kV and a current amplitude
up to 450 A. The manufacturer does not test these thyra-
trons in the pulse mode of operation. From another side,
the thyratrons produced in 1991 are used at the modula-
tors. These circumstances explain the problems connect-
ed with the thyratron TGI1-5000/50A operation at the
complex VEPP-5 modulators. The lifetimes of these
thyratrons taken from one consignment can much differ.
It is the main problem. In some cases the term of the
thyratron reliable operation in the modulator mode of
operation even below the nominal one did not exceed
the month. For example the term of reliable operation of
the two thyratrons TGI1-2500/50 at the one complex
VEPP-5 modulator is more than 10 years.

The problem of fast failure of thyratrons TGI1-
5000/50A and their low quantity force us to examine the
possibility of the shift to the thyratron TGI1-2500/50
exploitation. According to manufacturer's certificate the
thyratrons TGI1-2500/50 are designed for the commuta-
tion of pulse currents up to 2.5 kA, so at the complex
VEPP-5 modulators they have been connected together
in parallel. The parallel connection of the thyratrons re-
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Fig. 1. Schematic diagram of the pulse
modulator used for klystron 5045 power

supply

sults in the following problems: the thyratrons turning-
on synchronization has to be provided and the compli-
cated mounting has to be done. At the same time it is
known [4], that the thyratrons TGI1-2500/50 used in the
pulse mode of operation can maintain more than a three-
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Fig.2. Waveforms of the voltage across the
grid-cathode section of the thyratron
TGI1-2500/50 without (a) and with (b) the
voltage spiking

time current overload under the stipulation that the
thyratron mean current does not exceed the certification
limit. The mean modulator PFN (pulse former network)
discharge current does not exceed 1.7 A while the certi-
fication limit of the thyratron TGI1-2500/50 mean an-
ode current is 4 A.

In order to investigate the possibility of the single
thyratron TGI1-2500/50 operation as a complex VEPP-
5 modulator switch the tests of thyratrons in different
modes of modulator operation including the nominal
mode have been made. The total test time of one thyra-
tron at the present moment has achieved 2500 hours.
During the tests the basic parameters of the thyratron
such as turning-on delay time, HG (hydrogen generator)
operating voltage (the procedure of HG voltage operat-
ing point search was described in [3]) have not changed
substantially.

At the nominal voltage 6.3 V across the HG outlets
during the current flowing through the thyratron some-
times the voltage spiking across the grid-cathode section
has been seen (fig.2). Probably it is caused by the short-
time fault of the thyratron conductance. The conduc-
tance conditions can be improved by the HG voltage in-
creasing. At a voltage of 7 V across the HG outlets the
voltage spiking across the grid-cathode section has dis-
appeared.

In the future the single thyratron TGI1-2500/50 is
supposed to be used as a complex VEPP-5 modulator
switch.

3. THE THYRATRONS TURNING-ON
STABILITY IMPROVEMENT

For the injection complex operation at a full power
the coordinated operation of the four modulators is re-
quired. It toughens the requirements to the output volt-
age pulse-to-pulse time jitter of the modulator
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The measurements of the thyratron turning-on pa-
rameters carried out at the three modulators during the
few working days and nights have demonstrated that the
thyratron turning-on time jitter has achieved 100 ns.

The working model of the thyratron driving provides
a 500 V voltage pulse across the grid-cathode section
rising in 600 ns. Having used such the driving parame-
ters the jitter of the order of few nanoseconds is hard to
achieve. The thyratron turning-on delay time is 1 Hs
while such a driving is used.

For the jitter decreasing the scheme providing the
voltage 1.4 kV across the grid-cathode section with the
rise time 30 ns (fig.3,a) was used. By the use of such a
scheme the jitter decreases to 20 ns and the thyratron
turning-on delay time reduces to 250 ns.

The use of the pre-triggering scheme allowed the jit-
ter to decrease even greater. In this case the grid-cath-
ode section was supplied by the 100 V voltage 1 ms du-
ration pulse, after that the 1.4 kV voltage 30 ns rise time
pulse simultaneously with the start pulse was applied to
the grid-cathode section. The use of the pre-triggering
scheme for the thyratron TGI1-2500/50 driving allowed
one to decrease the jitter to 3 ns and to reduce twice the
thyratron turning-on delay time in comparison with the
previous driving model (fig.3). However one should to
note that the use of pre-triggering resulted sometimes in
a spontaneous turning-on of some thyratrons TGI1-
2500/50 at the anode voltage close to a nominal value. It
is expected that long-term exploitation of thyratrons in
the above mentioned operation mode will confirm the
expediency of the pre-triggering use
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Fig.3. Waveforms of the voltage across
the grid-cathode section of the thyratron
TGI1-2500/50 without (a) and with (b)
the use of the pre-triggering

4. THE VOLTAGE STABILITY
IMPROVEMENT

During the injection complex operation at the elec-
tron beam load the big pulse-to-pulse instability of the
beam energy was discovered. The measurements of the
modulators parameters showed that the stability of the
PFN charging voltage did not keep within +£0.1%. It
does not meet the requirements applied to the stabiliza-
tion system that represents the charging inductor sec-
ondary winding shorted for the purpose of stabilization
[2]. This effect was caused by the large triggering delay
time of the PFN voltage analog conversion scheme. It
resulted in the triggering delay time of the stabilization
system and, consequently, in the unsatisfactory modula-



tors output voltage stability. The decreasing of the mea-
suring scheme triggering allowed one to keep the PFN
voltage stability within +0.1%.
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MOAYJIATOPBI TH)KEKIIUOHHOI'O KOMIIVIEKCA BJIIII-5.
JOPABOTKA U OIIBIT DKCIIVIYATAIUN

A.B. Akumos, B.E. Akumos, I1.A. bak, H.B. Kazapezos, H.X. Kom, C.II. Ilempos, A.I. Yynwipa, B./l. FOoun

Juns nuranns kauetponoB 5045 (mpomsBoactBo SLAC) mmkekiponHoro komiuiekca BOIIII-5 ncnonbs3yrorest
MOJIYIISATOPHI, (POPMHUPYIOIIHE UMITYIIbCHI HalpspKkeHneM 23,5 kB, TokoM 6,3 KA, AMUTEIhHOCTEIO 3,7 MKC B KOJIHYe-
ctBe 4 wTyk. KoHCcTpyKIms MomynsTopoB, pazpadoranHas okoiio 10 siet Ha3aj, ToKa3ana CBOIO Ha/Ie)KHOCTh U, BMe-
CT€ C TeM, IO3BOJIMJIa U3YUUTh U BBISIBUTH Cl1a0ble MecTa MOAYJSTOpOB. [IpoBesieHa paboTa MO MOBBIMICHHUIO CTa-
OMJIBHOCTH HaNPSHKEHHS Ha KIMCTPOHE, YMEHBIIEHUIO BPEMEHHOT0 pa3dpoca OT UMITyJIbca K UMITyIIbCy. IIpuBoasT-
Csl pe3yJbTaThl [UIMTEIbHOU dKCIUTyaTaruu TupatporoB TT'M1-2500/50 u TTM1-5000/50 B MoayssiTopax yist MUTa-
HUS KIACTPOHOB 5045. M3105kKeHBI pe3ynbTaThl peCypCHBIX ucmbiTanmid TipaTpona TIM1-2500/50 mpu Gonee yem
JBOMHOI NeperpysKe 1Mo aMIUIUTY/Ie TOKa B HOMHHAIBHOM pEKUME paboThl MOAYIIATOPA.

MOIYJIATOPH IHKEKIIITHOTO KOMILIEKCY BEIIII-5.
JIOPOBKA I JOCBII EKCILTY ATALIT

A.B. Akumoes, B.€. Axkumos, I1.A. bax, 1.B. Kazapesos, H.X. Kim, C.II. Ilempoe, A.I. Yynupa, B./]. Ooun

st sxuBnenns kiictponiB 5045 (Bupoonuurso SLAC) imkekuiiinoro komruiekcy BEIIII-5 BUkopHCTOBYIOTHCS
MOIYJISTOPH, 10 (HOPMYIOThH IMITyJIbCH Hampyrow 23,5 kB, ctpymom 6,3 KA, TpuBamicTio 3,7 MKC y KiTbKOCTI 4
wtyk. KoHCTpykuiss MoaynsTopiB, po3po0OiieHa 6au3bko 10 pokiB ToMy, H0oBela CBOK HAIIMHICTD 1, pa3oM 3 THM,
JIO3BOJIFJIAa BUBYUTH i BUSBUTH CJIA0Ki Micist MoayJsiTopiB. IIpoBeneHa po6oTa 3 migBUIIEHHS CTabiIbHOCTI HATIPYTH
Ha KJIICTPOHi, 3MEHIIIEHHIO YacOBOTO PO3KUAY Bil IMIOYJIBbCY A0 IMITynbCy. IIpHBOASTBCS pE3yNbTaTH TPHUBAJIOL
excrutyatanii tuparponiB TI'T1-2500/50 i TIT11-5000/50 y wmomymnsitopax Iuisi KMBJICHHS KIicTpoHIB 5045.
BuxmageHo pesyipTraTH pecypcHHX icrmuTiB - TtUparpoHa TI11-2500/50 mnpm Ounpmm  HiX MOIBIHHOMY
NepeBaHTAXKEHHIO 110 aMILTITY i CTPyMy B HOMIHAIBHOMY PEXHUMi poO0OTH MOJYJIsITOpa.
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