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Testing of Single Module of Marx Modulator
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Abstract— Pulse modulators are used to produce high-
voltage, high-power pulses with durations of several hundred
microseconds up to some milliseconds Marx modulator is one
such modulator used in Klystrons or Magnetrons. Klystron is
used to amplify the RF signal Marx modulator uses the
parallel series principle of charging and discharging to
charge/discharge the capacitors. This paper describes the
testing of a single module of 2.5 kV, 1ms Marx modulator.
IGBT is used as a switch. A trigger circuit was used for
triggering of the IGBT driver circuit.
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. INTRODUCTION

The Marx topology also enables features which are not
common to hard switch modulators. Primary among these is
the ability to control each module independently and thus
program the ultimate pulse voltage by choosing the number
of modules triggered. The use of a bypass diode rated for full
pulse current allows staggering of the modules’ turn-on time,
and ultimately enables full waveform synthesis in real-time.
Some benefits involved are, first, the switches may open
under fault conditions with sub-microsecond response,
eliminating the full energy discharge into a load arc, and the
need for arc protection crowbars. Second, the capacitors may
be sized for a small droop during the pulse duration,
eliminating the need for pulse forming circuitry. Third, the
triggering of the individual stages may be staggered, with the
non triggered stages bypassed via a diode, allowing
programmable waveform synthesis within a single high
voltage pulse.

Key objectives of the development effort are
modularity and scalability, combined with low cost and ease
of manufacture.

Interest in solid-state pulsed-power modulators has
grown due to the advantages these devices offer , such as long
life span, rectangular pulse waveforms and the ease of
controlling their pulse width and repetition rate. Depending
on the studies, various methods of generating high voltage
pulses using solid-state switches have been introduced.

To improve the reliability solid-state switch has
been developed to replace the thyratron tubes. The entry of
the thyristors during the sixties, solid state based technology
has taken over the tube technology in various applications.
Solid state technology has been advantageous over the tubes
and is superior to the tubes in terms of size, cost, efficiency,
reliability and maintenance. Thus solid state based switches
are generally advantageous over the older switching
technologies
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Fig. 1: Basic Marx topology

In the last decade, advancement of the solid state
switches created a path for more controllable Marx generator
which is called Marx modulator. In a Marx modulator, stack
of capacitors are charged slowly in parallel to a given voltage
by a power supply through solid state charging switches.
After charging, the capacitors are discharged in series by
firing of solid state discharging switches. The Marx
modulator will then generate an output pulse with a voltage
equal to the individual cell voltage times the number of cells
for a duration of discharging pulse. Some of the advantages
of the Marx modulator are simpler interconnect, scalability,
efficiency, oil-free design. A Marx cell employs an energy
storage capacitor, a charging IGBT switch, a discharging
IGBT switch, driver cards and diodes.

A. IGBT Switch:

The use of insulated gate bipolar transistors (IGBT) in place
of spark gaps, for example, gives simple Marx generators the
ability to produce square-shaped output pulses at very high
rates. The on/off switching capability of the IGBT also allows
the output pulse to change width from one pulse to the next,
enabling the generator to adapt rapidly to changing load
requirements. Currently, Marx generators using solid-state
switches unable to equal the high peak voltage and peak
power capacity of generators using spark gaps, but the
operational advantages of pulse control and high average
power have converted the single-shot Marx generator into a
versatile modulator.

B. Output Voltage in Marx Modulator:

The output obtained at the load is equal to the input voltage

times the number of stages/number of cells.If there are ‘n’

stages and input voltage is V,then output voltage is given as
Vo=-nV (1.2)

Various pulse parameters mentioned above

can be controlled by changing the IGBT parameters.The time

of charging ,time of discharging i.e pulse width depends upon

the time constant of the circuit,which is governed by the value

of the capacitance as well as the load resistance.

T=RC (1.2)

Marx topology is repetitive in nature,a single block

is repeated ‘n’ times to form the multiple stages.All the stages

are identical ,if there is fault in any stage that stage can be
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bypassed and the output is obtained through rest of the
stages.

Il. DESIGN & TESTING OF MODULATOR

Fig. 2 shows the connection of the testing circuitary of the
single Marx module.This consist of 2.5 KV Marx
module,capacitor ,charging IGBT, discharging IGBT,driver
circuits for both IGBTs,trigger circuit for the IGBT driver
,load resistance,oscilloscope and diodes.

RESISTANCE

POWER SUPPLY

Fig. 2: Testing circuitary of 2.5KV single Marx module
IC M57962L is used as driver card for IGBT.Trigger
circuit gives signal in the form of optical pulses.These optical
pulses are received by the driver circuit of the IGBTs.DC-DC
Converter gives supply to the IGBT driver card circuit.2.5KV
dc supply is given for charging the capacitor.40uF capacitor
is used as the main charging element.Load resistance of

10K'Q is used.
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Fig. 3: Circuit diagram of test circuit
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Fig. 4: Trigger Card schematic

Trigger circuit consist of 555 timer and three
monoshot 4538 IC .555 timer gives pulse to 1st 4538 IC
,which gives an output pulse of 900ms.This pulse of 900ms
is given to the charging circuit through optical
transmitter.Again the output of 1st 4538 IC is given to 2nd
4538 IC and this is given to 3rd 4538 IC.This 3rd IC gives the
output pulse of 1ms.This pulse of 1ms is supplied to the
discharging circuit through optical transmitter. This 4538 IC
gives output at the rising or falling edge as per the pin
connection.
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Fig. 6: 2.5kV pulse(stretched view)
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Fig. 7: 2.5kV pulse

I11. CONCLUSION

A single module of the Marx Modulator was tested. The
practical implementation of Marx modulator was made.The
output pulse is 2.5kv,1ms flattop pulse. The switching action
is done using IGBTs which have individual driver circuits
based on IC M57962L

REFERENCES

[1] A.Haddad,D.Warne —“Advances in High Voltage
Engineering “IET Power and Energy series.

[2] G.E. Leyh- “The ILC Marx Modulator development
program  “ILC  /Stanford Linear  Accelerator
CenterStanford University Stanford CA 94309,USA

All rights reserved by www.ijsrd.com 683




Testing of Single Module of Marx Modulator
(IJSRD/Vol. 5/Issue 04/2017/172)

[3] G.E.Leyh—The Marx Modulator development program
for the international linear collider”- Stanford Linear
Accelerator Center, Menlo Park, CA 94025, USA

[4] G.E. Dale, H.C. Kirbie, W.B. Haynes, C.E. Heath, T.A.
Lopez, F.P. Romero, and R.M. Wheat Jr —Design and
application of a diode-directed solid state marx
modulator”-Los Alamos National Laboratory, PO Box
1663, Mail Stop J-570

[5] G.E. Leyh —Prototype development progress toward a
500kv solid state marx modulator”, Stanford Linear
Accelerator Center, Menlo Park, CA USA

[6] Mahesh Acharya, and Purushottam Shrivastava. "Design
and development of a prototype 25 kV, 10 A long pulse
Marx modulator for high power klystron." Review of
Scientific Instruments 87, no. 2 (2016): 025114.

[71 Mahesh Acharya, Purushottam Shrivastava—“Design and
development of high voltage Marx modulator
technology for long pulse application”-in Proceedings of
Indian Particle Accelerator Conference (InPAC-2013)
(BRNS, Kolkata, India, 2013),pp. 725-727.

All rights reserved by www.ijsrd.com 684



