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At the MMF linac for increasing an average beam current an rf pulse width in the accelerating cavities of the
main part of the linac have to be increased. Pulse widths of a preamplifier modulator and a high voltage klystron
modulator limited this value. Modification of these units allowed increasing the rf pulse width at the klystron output
to about 240 ps and the beam pulse duration to 200 pYs. An estimation of the maximum possible rf pulse width and
the results of an experimental exploration of the upgraded high voltage klystron and preamplifier modulators are

presented. A possibility of the longtime stable work with a long pulse is shown.

PACS: 29.17+w

INTRODUCTION

At the MMF linac for providing physical experi-
ments and solving applied tasks an average beam cur-
rent have to be increased. One of the ways is a lengthen-
ing of the proton beam pulse duration in the linac. Ac-
cording to the project the maximum value was 100 s. It
was limited by the parameters of the injector and rf-
feeding equipment of the high-energy part of the accel-
erator. The injector branch was upgraded in 1998 year
[1]. Use of the RFQ booster cavity, decrease of high
voltage at the injector and other modifications at the
first part of the accelerator provided a possibility to get
200 psec beam pulse at the input of the main part of the
linac. The maximum value of rf pulse flattop in the cav-
ities of the high-energy part was only 120 ps.

A structure and the main parameters of 991 MHz rf
system are described in [2]. A pulse triode rf preamplifi-
er and a high-power klystron with anode modulators as
high-voltage supplies provide a necessary level of rf ac-
celerating field in the cavities. Modification of the
preamplifier and the klystron modulator for increasing
of the pulse width was done during last several years.

1. MODIFICATION OF THE
PREAMPLIFIER MODULATOR

The results of the works devoted to development of
a new type modulator for the rf preamplifier were pre-
sented in [3]. Briefly repeat them.

According to the project the 3-cascade triode pream-
plifier with 500 W rf power at its output was droved by
anode pulse modulator. A pulse-forming network (PFN)
consisting of 13 LC-links was charged up to 400...600V
and discharged through the primary of the pulse trans-
former with n=10. The maximum width of 2...3 kV out-
put pulse was about 140 psec. It seems that the simplest
way to increase the pulse duration up to 200...220 psec
is to add some LC-links into PFN, using old other ele-
ments and units of the modulator. But researches
showed impossibility to do this because of a saturation
of the pulse transformer. Some curves are presented in
Fig.1. One can see a nonlinear character of these depen-
dencies. The more pulse amplitude Ua is, the earlier sat-
uration takes place and the shorter maximum possible
duration of the pulse can be reached with the same
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quantity of the links in PFN. For getting required output
power we need Ua =2.4 kV. In this case maximum pulse
width only T=155 ps can be achieved.
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Fig. 1. Maximum pulse width of the preamplifier modu-
lator vs. numbers of PFN LC-links

This type of modulator has other disadvantages,
mentioned in [3]. By these reasons another type was
suggested and realized: cathode-grid modulator.

A new scheme has evident advantages. It uses
2.5 kV rectifiers with a capacitor for DC supplying an-
odes of the triodes. A low-voltage pulse former drives
the triodes through transistor switchers. A driving volt-
age is 50 V. Dimensions of the new unit are sufficiently
smaller. There are no high-current elements and no
heating inside the modulator unit. An efficiency of the
cathode modulator is twice better. A shape of the pulse
is practically ideal rectangular and it is very stable.
There is a possibility to adjust the pulse width from
120 psec up to 250 psec. The power of the high-voltage
transformer and accumulator capacitor limited this val-
ue.

2. LENGTHENING OF PFN
OF THE KLYSTRON MODULATOR

The high-power klystron modulator has a similar
electrical schematic. 4.5 kV adjustable thyristor rectifier
charges PFN, consisting of 3 parallel lines with 20 LC-
links in each, through a charging choke and a diode. The
parameters of the choke are like this to obtain a linear
type of the charging process at any pulse repetition rate
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(PRR). PFN discharges through the thyristor switcher
and the primary of the pulse transformer with n=20. The
main parameters of the modulator are presented below:

U out max = 80 kV;

P pulse max = 15 MW;

P average max = 280 kW;

I rectifier max = 80 A;

T pulse (flattop) = 170 psec;

T rise = 20 psec;

T fall = 25 psec;

A U (on flattop) £ 1.5%

PRR =10,50,100 Hz.

One of the most important parameters is a voltage
ripple at the pulse flattop A U. To satisfy the demands a
special procedure for adjusting exists. All PFN induc-
tances L are identical spiral coils disposed along a
straight axis on three floors. There is a possibility to
move each coil in transverse direction and to change the
mutual inductance for neighboring coils. As a result it is
able to make the amplitude ripple on the flattop after
two first oscillations less than 1.5%.

To increase pulse duration up to more than 200 psec
minimum 3 additional LC-links have to be installed. All
the PFN are placed in special rooms. The dimensions of
these rooms are different and limited. It is possible to
arrange 5 additional links, but they can be installed at
the end of each PFN line in transverse direction only. In
this case an inductance coupling in the local point is suf-
ficiently different and a distortion on the pulse flattop
takes place. For example, some shapes of the pulses are
presented in Fig.2.
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Fig.2. Shape of klystron modulator pulses (model)

This picture is a result of the transient analysis for
the simplified PFN model with real parameters. One
curve presents an ideal case, when all the LC links and
mutual inductances are similar, and the second curve
shows the case, when a jump of the coupling coeffi-
cients between 20 and 21 coils exists. To compensate
this oscillation one should move other coils and vary
magnetic coupling coefficients to get a desired shape of
the pulse flattop.

Experimental selection of the position of each coil in
11 modulators for adjusting PFN with additional 5 LC
links was done. Voltage ripple on the flattop (excepting
two first oscillations at the beginning) is less than 2%.
The duration of the pulse flattop is about 230 ps.

It should be mentioned that the maximum possible
pulse width for high voltage pulse transformer is about
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240 psec if the secondary voltage is about maximum
value. Then a saturation of the transformer iron starts.

3. TESTING OF THE MODIFIED
KLYSTRON MODULATOR

The first upgraded modulator was tested when it
worked to an active resistive load. A goal was to define
limits for existing electrical equipment.

The following parameters were obtained during test-
ing at PPR =50 Hz:

U load =70 kV;

ITload =165 A;

I rectifier =48 A;

T pulse (flattop) = 230 psec;

P load (average) = 115 kW;

P load (pulse) = 10.5 MW.

From this table one can see that all modulator units
can work well at PRR=50 Hz without exceeding the
limit parameters.

In the case of PPR = 100 Hz an average power and a
rectifier current will be twice as much as before and the
rectifier current will exceed the maximum possible val-
ue 80 A. It is the main limit for working with 5 addi-
tional LC-links at the voltage level 70 kV. Routine
working points of klystron anode voltages are 60...
65 kV. Only 3 additional LC-links can be used in this
case. The maximum pulse width we can obtain at
100 Hz is about 210 ps.

4. TESTING OF THE KLYSTRON,
WAVEGUIDE ELEMENTS
AND ACCELERATING CAVITIES

After testing of the modulator it was necessary to
check a klystron, waveguide, accelerating cavities and
other elements of rf system working with a long rf
pulse.

According to the klystron technical data maximum
average power at its output is 100 kW and maximum rf
pulse width is 800 psec. Basing on these demands one
can choose PPR and a pulse width for working point.

The following parameters were obtained when the
modulator with 3 additional LC-links worked with a
klystron as a load:

U klystron = 62 kV;

I klystron = 135 A;

PRR =100 Hz;

I rectifier = 80 A;

T mod. pulse (at 0.5 level) = 215 ps;

Collector water flow, Q = 160 1/min;

T coll. in = 14 grad;

T° coll. out = 30 grad;

P klystron beam pulse = 8.3 MW;

P klystron beam average = 180 kW.

Then an input rf signal was switched on. The param-
eters were the following:

T rf pulse = 200 psec;

PRR =100 Hz;

P rf klystron out (pulse) = 3.5 MW;

P rf klystron out (average) = 70 kW.

This is a typical running regime for getting a desir-
able level of the accelerating field in the accelerating
cavity. So it means that there is a possibility to work



successfully with PRR = 100 Hz and 200 psec rf pulse 5. CONCLUSION

at the high-energy part of the MMF linac. To the moment 22 preamplifiers and 11 klystron

During Fhe testing a heating of all the elements of modulators have been modified and tested at the MMF
the waveguide feeder was controlled. A temperature of ;.. During last two years the proton beam of 180-

regular parts of the cooper waveguide as well as temper- 185-usec-pulse width at 50 Hz PRR was accelerated
atures of rf quartz windows, waveguide phase shifter

and ferrite isolator was completely acceptable. The
problem was an overheating of the steel bellow, which
has no silver cover on its inner surface. To solve this
problem bellows with good quality silver cover were in- age beam current about 110 pA.

stalled in all working Waveguide feeders. The future plans at the linac are the following:
We should make mention about very careful me- 1. To modify the other modulators for getting a

chgnical adjustment of the rotating parts of W.aveguide higher beam energy when working with a long
switchers to except sparking on the inner specific gaps, pulse.

successfully up to energy 250 MeV and used for differ-
ent purposes. For example, the ordinary routine for iso-
tope program at the linac is 143...160 MeV beam with
maximum peak beam current up to 15 mA and the aver-

especially if Working with a long rf pulses.. o 2. To increase a peak current from the injector and
Due to lengthening of rf pulse a conditioning of all thereby to increase an average beam current.
the accelerating cavities was done. Sometimes the dura- 3. To work at PRR = 100 Hz and thereby to in-

tion of this procedure was very long. It depended on the
quality of the inner cavity surface. In order to get a sta-
ble work without sparks inside the cavity, the pulse REFERENCES
width of rf signal was increased step by step to 200 psec
during many hours.

Another problem was a choosing of the working
point for a system of stabilization of the cavity resonant
frequency. Power dissipated in the cavity walls increas-
es twice when the pulse repetition rate rises to 100 Hz
as compared to 50 Hz. Moreover losses in the walls are
increased sufficiently when we increase the rf pulse
width, and therefore an additional adjustment of the wa-
ter cooling system have to be done especially at
PRR=100 Hz.
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YBEJIMYEHMUE JUIMTEJBHOCTHU UMITYJIbCA BU-IIOJISA B PEBOHATOPAX
OCHOBHOM YACTH JIY MM®

B.H. /leonmves, B.B. Ilennoe

Ha nuneitnom yckopurene MM® st yBenH4eHUS CpeIHEro TOKa IydKa IPOTOHOB MOTPEeOOBATIOCH YBEIUIHUTh
JUTATEIEHOCTS UMIyJIbca BU-monst B pe3oHaTopax OCHOBHOI 9acTH yckopurend. [IpoBeaeHHbIe paboTHI 10 Mozep-
HU3aIMH 000pynoBaHKs KaHaIoB BU-UTaHMS TO3BOIMIIN YBEIMYHUTH [UIMTENBHOCT orubatonerr BU-ummysisca Ha
BBIXOJI€ YCHIUTENBHOTO KIUCTPOHA 10 240 MKC, 4TO Ja€T BO3MOKHOCTh YCKOPATB ITy4OK ATUTEABHOCTBIO 200 MKC.
B pabote onmcanbl npojenaHHble pabOTHI, JaHBI OLEHKH 10 OTPAaHWYCHUIO MaKCHMaJIbHO BO3MOXKHBIX BEIUYUH
JUIMTEIBHOCTH, MPEJCTABIICHBI PE3yJIbTAaThl SKCIEPUMEHTAIBHBIX HCIBITAHUI 000pynoBaHus KaHaitoB BU-nuranus
npu paboTe ¢ yUIMHEHHBIM HMITYJIbCOM M IOKa3aHa BO3MOXKHOCTb YCTOMUYMBOIH pabOTHI MOIIHBIX MOJYJISTOPOB,
MpeaABaprUTEIbHbIX yCHJ’IHTCJ’[Gﬁ, KIIMCTPOHOB, 3JICMCHTOB BOHHOBOﬂHO-q)HZ[CpHOﬁ CUCTEMBI U CaMUX YCKOPSAIOHIUX
PE30HATOPOB B IKCILTyaTaALlMOHHOM PEXHMME C YBEJIMUEHHON AJIUTEIbHOCTBIO UMITYJIbCA.

3BIJIBHIEHHSA TPUBAJIOCTI IMITYJIBCY BUY-ITOJISA B PEBOHATOPAX
OCHOBHOI YACTUHH JIY MM®

B.H. /leonmuves, B.B. Ilennoes

Ha minifiHoMy mnpuckoproBadi MM® mns 30imbIIEHHS CEpeIHBOIO CTPyMy IIydKa IPOTOHIB Tpeba Oyio
30UIBIINTH TPUBANICTH iMITyJIbcy BU-11oJsi B pe3oHaTOpax OCHOBHOI YaCTHHH IpHCKOploBaua. [IpoBeneni podoTu 3
MOJIepHi3alii ycTaTKyBaHHs KaHaniB BU->KMBICHHS TO3BOJIMIN 30UIBIINTH TPUBATICTb, 110 00ruHae BU-imMmmysbey
Ha BHUXO[I IiJCHIIIOBAJIBHOIO KIicTpoHa 10 240 MKC, 1[0 Ja€ MOJJIMBICTh NMPHUCKOPIOBATH IMYYOK TPHBAJICTIO
200 mMxc. Y poboti onucaHi mpopobiieHi poOOTH, aHi OI[IHKH M0 OOMEKCHHIO MaKCHMAJIbHO MOJKJIMBHUX BEJTHYNH
TPHUBAJIOCTi, MPECTAaBICHI PE3yIbTAaTH EKCICPUMEHTAJIbHAX ICIHUTIB yCTaTKyBaHHSA KaHaliB BY-XuBICHHSA mpu
poOOTI 3 TOAOBKEHUM IMITYJIBCOM 1 ITOKa3aHa MOXJIUBICTH CTIHKOI POOOTH MOTYXHHX MOZIYJIATOPIB, MMOIEPEIHIX
i ICHJTIOBAYiB, KJIICTPOHIB, €JIEMCHTIB XBIJICBITHO-(PIiIEPHOT CUCTEMH i caMUX PE30HATOPIB, IO MPUCKOPIOIOTH B
eKCIUTyaTalifHOMY PEKUMI 31 30UTBIICHO0 TPUBANICTIO IMITYIIBCY.
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