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Calculation and Test of 150V Direct Switch Modulator Model

TAO Xiao-Ping'*"”

Riidiger Kaiser’

1(Department of Astronomy and Applied Physics, University of Science & Technology of China, Hefei 230029, China)
2(DESY, Hamburg D-22607, Germany)

Abstract In order to get some experience to build a new modulator for DESY TESLA Test Facility (TTF) , a 150V direct switch long

pulse modulator has been designed. Compared to the modulator solution currently used at TTF, the new proposed one has some advan-

tages. Part of the simulation calculation of the 150V direct switch modulator is given in this paper. At the same time, a 150V modu-

lator model was constructed and measured. The test results show that the output voltage flat-top ripple is only +0.53 % .
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1 Introduction

The 150V direct switch modulator is mainly
composed of a 30pF storage capacitor, a droop
compensation circuit (DCC), two DC power supply and
some semi-conductor switches ( see Fig. 1). During
operation the DC power supply charges the storage
capacitor (C,) voltage to 150V and the storage capacitor
discharges by 5.73 % of its initial voltage in a 1.5ms
pulse duration. To correct the voltage slope to less than
0.50 % , a CLC droop compensation circuit ( DCC) is
used. The droop compensation circuit, which is composed
of a primary capacitor, a secondary capacitor and an
inductor, compensates the voltage droop from the storage
capacitor. The DCC primary capacitor C; is charged to an
appropriate voltage and discharges to the secondary
capacitor (C,) through the inductor. The value of 100H
inductor is chosen, according to the simulation results. In
order to get a nearly linear voltage in the 1.5ms main
pulse to compensate the voltage droop from the storage
capacitor, a high frequency semi-conductor switch should
be used. The switch frequency must be high enough and
the switch on-time will be continuously increased in the

1.5ms main pulse duration.
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Fig.1. 150V modulator circuit ( conceptual) .

Compared to the modulator solution currently used at
TTF, the proposed one has some advantages as

12 (1) lower storage capacitor, 30uF instead of

following
1400pF, (2) lower droop compensation circuit inductor,
100p:H instead of 330pH, (3)significantly lower losses on
cables, (4)no matching network, (5)no pulse transform-

er, (6)no filling with isolating oil necessary .

2 Simulation calculation

Summarized below are the Pspice simulation results
when the DCC switch frequency is 6.67kHz, 16.67kHz
and 33.33kHz in the 1.5ms main pulse duration.
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2.1 DCC switch frequency f=6.67kHz

During the 1.5ms pulse, the DCC switch operates 10
times, so the operation cycle is 150us and the frequency
is 6.67kHz. The shortest on-time of the DCC switch is
24us, and the longest on-time is 80us (Table 1).

Table 1. (T =150us,f=6.67kHz) .

No. 1 2 3 4 5 6 7 8 9 10
On-time/ps 24 28 30 32 34 38 42 48 60 80

Fig.2 shows the voltage waveforms of the storage ca-
pacitor (C,) and DCC secondary capacitor (C,) during
the 1.5ms main pulse. Fig.3 shows the voltage waveform

of the load. The output peak to peak voltage ripple is as

large as +0.93 % due to the larger ripple voltage of the
DCC secondary capacitor. So it is necessary to increase

the DCC switch frequency.
2.2 DCC switch frequency f=16.67kHz

During the 1.5ms pulse, the DCC switch operates
25 times, so the operation cycle is 60us and the frequen-
cy is 16.67kHz. The shortest on-time of the DCC switch
is 16us, and the longest on-time is 60ps (Table 2).
Fig.4 shows voltage waveforms of the storage capacitor
(C,) and DCC secondary capacitor ( C,) during the
1.5ms main pulse. Fig.5 shows that the output load volt-

age waveform ripple is about +0.50 % .
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Fig.2. Voltage waveforms of the storage capacitor and Fig.4. Voltage waveforms of the storage capacitor and
DCC secondary capacitor. DCC secondary capacitor.
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Fig.3. Voltage waveform of the load. Fig.5. Voltage waveform of the load.
Table 2. (T =60ps,f=16.67kHz) .
No. 1 2 3 4 5 6 7 8 9 10 11 12 13
On-time/ s 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 21.0 22.0 23.0 24.0
No. 14 15 16 17 18 19 20 21 22 23 24 25
On-time/ps  25.0 26.0 27.0 28.0 29.0 31.0 33.0 36.0 41.0 45.0 49.0 60.0

2.3 DCC switch frequency f=33.33kHz

During the 1.5ms pulse, the DCC switch operates
50times, so the operation cycle is 30ps and the frequency

is 33 .33kHz. The shortest on-time of the DCC switch is

10ps, and the longest on-time is 30us (Table 3) . Fig.6

shows voltage waveforms of the storage capacitor (C,) and
DCC secondary capacitor (C,) during the 1.5ms main

pulse. Fig.7 shows that the output voltage waveform rip-
ple of the load is about +0.33 % .
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Table 3. (T =30us,f=33.33kHz).
No. 1 2 3 4 5 6 7 8 9 10 11 12 13
On-time/ps 10.0 10.5 11.0 1.2 11.4 11.6 11.8 i2.0 12.2 12.4 12.6 12.8 13.0
No. 14 15 16 17 18 19 20 21 22 23 24 25 26
On-time/ps 13.2 13.4 13.6 13.8 14.0 14.3 14.5 14.8 15.0 15.3 15.5 15.8 16.0
No. 27 28 29 30 31 32 33 34 35 36 37 38 39
On-time/ s 16.3 16.5 16.8 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0 21.5
No. 40 41 42 43 44 45 46 47 48 49 50
On-time/pus  22.0 22.5 23.0 24.0 25.0 26.0 27.0 28.0 29.0 29.8 30.0
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Fig.10. Test waveform of the DCC secondary capacitor

In order to test the simulation results, a 150V direct

switch long pulse modulator

was constructed and

tested”’ . According to the calculation of the droop com
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Fig.8. Test waveform of the DCC switch trigger
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Test waveform of the load voliage .

pensation circuit, 16.67kHz of DCC switch frequency is
chosen. Fig.8 shows the test waveform of the DCC switch
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trigger voltage . The DCC switch on-time ( negative voltage
in Fig.8) is continuously increased in the 1.5ms main
pulse duration.

The storage capacitor voltage, the DCC secondary
capacitor voltage and the load voltage waveforms of the
150V modulator model have been measured. Fig.9 shows
a test waveform, in which the storage capacitor voltage
droop is 4.27 % in the 1.5ms pulse duration. Fig.10
shows a test waveform of the DCC secondary capacitor
voltage, in which the compensation capacitor voltage rises

from zero to 6.6V in the 1.5ms pulse duration. Fig.11

shows the test waveform, in which the load voltage ripple

is £0.53 % in the 1.5ms pulse duration.

4 Conclusion

The characteristics of a 150V direct switch long
pulse modulator have been simulated. In order to examine
the feasibility of the modulator design, a 150V direct
switch modulator model has been made and tested. The
test results show that the simulation calculation of the

150V modulator is reasonable.
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