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Abstract hence, an improved efficiency. The efficien@yget for

A line type modulator with a Blumlein pulse-formingthe modulator system (wall plug to usable pulagtop)
network (PFN) to drive a 75 M\Wulsedklystron for the is 75%.
main linac of an X-band Linear Collider is under The R&D'’s of the Blumlein type modulator, which is
development at KEK. This Blumlein modulator yields @ased upon conventional technology and components that
reasonably fast rise timeand hence, animproved exist at presentare being performed atKEK.[2] Two
efficiency. Ahigh powertest of the modulatoshowed kinds of modulators have beedeveloped. First
that an output pulse with a rise time(10%-90%) of lessmodulator, which iscalled Modulator #1 afterthis, has
than 350ns can be generated for khestron. Thispaper beenbuilt to study thepractical application of Blumlein
describesthe design, specificationand results of the type modulator. Theecondmodulator, which iscalled
performance tests of the Blumlein modulators. Modulator #2 after this, has been built to study a compact

and high performance Blumlein modulator.
1 INTRODUCTION

The klystron pulse modulator for afiband Linear 2 KLYSTRON
Collider requires to produce 454kV, 367A, 1.hs flat- The X-band klystron development program at KEK
top pulse todrive a 75MW klystron[1]. Thepresent hadbeenoriginally designedor 80 MW peak power at
configuration of the 0.5TeV lineamwllider requires more 400ns pulse length. The phrameters othe mainlinac
than 3200 modulators. The large number of klystronsererecently changed after reconsideriribe rf system.
and modulators dictate the need for a religvdefficient The main parameters of the klystron developing at present

system. are given in Table 1.[3]

Thepower efficiency of the modulatare extremely
important. Theeffective output power ofthe modulator Table 1. Specifications of X-band klystron
is the power ofthe flat-top portion of the high voltage ggeﬁtsigglefrzeﬁhuency 11&53424 GHz
output pulse and hence, the pulse with a fast rise time and peaﬁ)( outputgpower 75MW
fall time is required. The main contributor to the pulse Repetition rate 120pps

. RF efficiency 45%

waveform is gpulsetransformer(PT) asvell as apulse- Beam voltage 454kV
forming network(PFN). For these designs, the Beam current 3;‘:27’*
transformerturns ratio plays a very important role. Gain 53-56dB

Using a Blumlein method allows a lowdransformer
turns ratio, which yields a reasonably fast rise time and
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Figure 1. Circuit of the Blumlein type modulator.
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the rise time of output pulse. Tloalculatedvalues of
3 BLUMLEIN CIRCUIT distributed capacitanceer the klystronandthe PT are

The basic circuit of the Blumlein type modulator i@P0out 80pF and 40pF, respectively.
shown in Figure 1. It consists of a conventional PT, a
Blumlein PEN, asingle-thyratron switch tubeand a

resonant charging circuit with a de-Qing circuit. 200
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The modulator components shown in Figurard. all
housed in air. The maiparameters of the modulator #1 500 i
are given in Table 2. Maxwell minidouble-ended -0.5 0 0.5 T1 1.5 2 25 3
capacitorswere used as ®FN capacitor. The internal _ me(us)
inductance of the PFN capacitor itself should be lower for Figure 2. Output pulse waveform at the klystron.
faster dischargand it limits the shortness of theise
time. .The internalinductancg ofthis. capaci.tor is 4.3 Upgrade
approximately 20nH. Eachsectioncapacitorconsists of
two these capacitors whicire placed inseries to get We upgrade the modulator #1pmduce gulse with
100kV. These capacitors havestandardvalue of 7nF @ flat-top of 1.jis. To increasehe pulse width, the
and a ratedvoltage of 50kV. The thyratron EEV nhumber of the PFN section iscreased up t@0. Each
CX1937A with aratedvoltage of 80kV wasused as a line is made in two parallel lines focreasethe value of

switch tube which discharges the Blumlein PFN. the sectioninductance inorder to improve the PFN
characteristic. The charging transfornzerd the PT are

Table 2. Main parameters of the modulator #1 also remade. The parameters of the upgrade modulator are

-400

unit  Design  Upgrade given in Table 2. We simulated the output pulse
Outputpulse ; FIp. ;
Secondary voltage(Max) KV 560 560 V\{ave_form by_usmg circuit parameters _obtalned by the
Secondary current(Max.) A 503 503 circuit analysis above subsection. Figure 3 shows the
Pulse width us 0.8 2.4 i i i
Flat.op o~ 400 1560 result for a charging voltage _of 70_kV. _ The simulation
Repetition rates pps 50 50 shows that an output pulse with a rise time(10%-90%) of
350nsand aflat-top width of more than 15 can be
Pulsetransformer .
Step-up ratio 1:8 1:8 achieved.
Blumlein PEN
PFN impedancel/line Q 8.7 17.4
No. of sections 13 20 100 ; . 1 ,
Inductance/section uH 0.265 1.06 ; : i /\
Capacitance/section nF 3.5 35 < 0 i ; : :
Total capacitance nF 91 280 3 : : i / i
Charging voltage(Max.) kv 70 70 g -100 \ i / i
£ -200 \ / 1
> : : :
A . -300 SR S
4.2 Output pulse waveform and circuit analysis § 106 \
s - i ; s
The solid line in Figure 2 shows an example of the & ., \ P /
klystron voltage waveform. An output pulse withpeak A\ |
voltage of 470kV, a rise time(10%-90%) of 350ndla& O e e e s s 4 A s
top width(flatnesst1%) of 400nsand afall time(10%- Time(us)
90%) of 350ns was successfully generated. The rise time Figure 3. Output pulse waveform simulated by a
is a sufficiently shortbecausethe rise time of the computer code Micro-Cap IV.
requirement is less than 400ns.
We have analyzed the modulator circuit by a 5 MODULATOR #2

simulation method. The brokecurve in this figure
shows result simulated by a computede Micro-Cap 5.1 Hardware
IV. The simulation gives a good fit to the measudath.
From this analysis, it wafund that total distributed
capacitance irthe pulse transformer, the tardnd the
klystron is about 180pF. Thisrge valuemainly limits

The modulator components shown in Figurard. all
housed in a cylindricaktainless oil tank which also
mounts the klystron. This allows to make all circuits
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significantly compactand also to make circuit wiring 5.2 High-voltage test

short.

The slow rise timeaused bystray inductance of

wiring is therefore improvedand it makes modulator

efficiency better.
modulator#2.
diameter and 1.6m in height.

Figure 4 is a photograph of th
The size of the oil tank is 1.8m in

The thyratron EEV

CX2199 with aratedvoltage of 100kV wasised as a
switch tube. For the Blumlein PFN,campactdouble-
ended capacitorwith a capacitance of1.9nF, arated
voltage of 80kV, a voltagesversal 0f65%, aninternal
inductance o#40nH and adesignlife of 2x1¢ shots was
developed by Maxwell Energy Products, Inc.. The size

the capacitor is 4"wide x6”deep x 10.25"high.

The

main parameters of the modulator are given in Table 3.

Table 3. Design parameters of the modulator #2

Outputpulse

Secondary voltage(Max.)
Secondary current(Max.)

Pulse width
Flat-top
Repetition rates

Pulsetransformer
Step-up ratio

Blumlein PEN

PEN impedance/line
No. of sections
Inductance/section
Capacitance/section
Charging voltage(Max.)

560kV
503A
700ns
400ns
50pps

1.7

115
16
252nH
1.9nF
80kV

Figure 4. Photograph of the modulator #2.

A preliminary test habeenperformed toconfirm the

erformance of the modulator. Tkecondary side of the

T wasconnected to al120Q ceramicresistor. The
modulator was operated up to a charging voltage of 80kV
without any faults. Figure 5 shows the output
waveforms obtained for a charging voltagedokV. An
output pulse with a peak voltage of 280kV, rige
time(10%-90%) of 210ns, a flat-topwidth(flatness
+4.5%) of 400ns and a fall time(10%-90%) of 280ns was
&uccessfully generated.
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Figure 5. Output pulse waveform at the resistor load.
Upper trace: Output voltage(100kV/div)
Lower trace: Output current(200A/div)
Horizontal: 200ns/div

6 FUTURE PLANS

The upgradework of the modulator #1 is now in
progressand will be completed on October,998. We
plan to test the modulator #2 connecting toXB72K
klystron to confirm itsperformance inthis winter. In
order to reducéoth productioncosts and spaces of the
modulators, we make a design study of thedulator
operating two or four klystrons.
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