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Abstract— Pulsed modulators are the power sources used for 

biasing the klystron. They are categorized depending upon 

the topology, nature components used in the system, and 

output pulse parameters. Line type modulators are used for 

short pulse duration, typically few tens of microseconds, 

whereas hard switched modulator are used for short as well 

as long pulse duration. Marx modulator topology is used for 

generation of pulsed high voltage and does not require high 

voltage DC supply. The high voltage converter type long 

pulse modulators are used for high average power 

applications. This paper gives brief review about different 

types of pulse modulator, their properties, operating principle 

and application. 
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I. INTRODUCTION 

Pulse Power Technology is about storing energy in storage 

device and releasing to the load for short period with high 

peak power [1]. Energy usually stored either as electrostatic 

field in capacitors or as a magnetic field in inductors. In 

modern era, the pulsed power finds many industrial 

applications such as, flue gas treatment in power plants, 

sterilization, radiation processing, etc. The pulse modulator 

generates pulsed output voltage ranging from few kilovolts 

(kV) to hundreds of kV. The nature application decides the 

modulator topologies. For example application requiring 

output voltage of tens of kV and pulse width of few 

microseconds, line type modulator comes into picture.  It 

produces good rectangular pulses of short pulse duration. 

Application requiring long pulse duration, the line type 

modulator becomes bulky, as the size of pulse forming 

network increases with increase in number of stages of pulse 

forming network. .Some application requires long pulse 

width where, hard switched modulator are used, depending 

upon output voltage and current requirement of that particular 

application. With the advent of solid state technology, a new 

class of modulator called, Marx modulators gained popularity 

and applications. They are completely modular and suitable 

for short as well as long pulse applications. In high average 

power application, converter type modulators are also very 

popular. They are based on solid state switches and advanced 

power electronics. A brief review of various types of 

modulators is presented here. 

II. LINE TYPE MODULATOR 

The line modulator basically consists of DC power supply, 

isolating element, pulse forming network, switching element 

and pulse transformer.  

In the line type modulator all the stored energy in the 

storage device is delivers to the load during each pulse. The 

duration of pulse is determined by pulse forming network 

components, inductor and capacitors. The DC power supply 

is basically the output of three phase SCR based rectifier 

driven by auto transformer. Now a days, switch mode power 

supply (SMPS) can be used, because SMPS provides smooth 

regulation of the voltage, and more efficiency. The purpose 

of placing isolating elemnet in series with DC supply is to 

prevent the excessive current, acquired by the load during 

charing at turn on. The isolating element in case of line ype 

modulator must be inductive, not resistive otherwise it can 

dissipates more power. The inductor forms the resonant 

circuit with energy storage capacitor banks, and double 

voltage is available across the pulse transformer. This type of 

charging is known as resonant charging. 

 
Fig. 1: Line type modulator  

Once the PFN charged with double of supply 

voltage, to hold them there, blocking diodes are used in series 

with the charging inductor, as diodes cannot conduct in 

reverse direction. The peak inverse voltage rating of blocking 

diode is chosen according to voltage available across the 

charged PFN. A conventional PFN usually consists of the 

lumped-constant network, which is made up of cascaded low-

pass LC-filters. The pulse forming networks usually consists 

of inductances and capacitors, which may be put together, in 

any number of possible configurations. The configuration 

chosen for particular purpose at hand depends on the ease 

with which the network can be fabricated, as well as specific 

modulator characteristics desired [2]. 

A very commonly used switch in the line type 

modulator is hydrogen thyratron. An SCR can also be used 

for low voltage applications. The thyratron is a gas tube 

switch and has limited life, after that it has to be replaced with 

new thyratron switch. Both these switches are closed by 

means of proper trigger signal and open only when the current 

flowing through the devices down to zero or below a 

threshold value when all energy stored in the PFN is 

dissipated. This important property of the circuit makes it 

possible to take advantages of high current capacity and low 

voltage drop that are characteristics of gaseous discharge 

switches. Thyratron are extensively used in the line type 

modulators. The pulse transformer in line type modulator 

serves two purpose. First it isolates the low voltage section 

from high voltage section and stepped up the voltage as 

required by the load. Second it matches the load impedance 

with the characteristics impedance of the PFN, and delivers 

all stored into the load. 
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III. HARD SWITCHED MODULATOR 

 
Fig. 2: Hard switched modulator 

The hard switched modulator drives its name from the fact 

that, the switching devices must be high voltage vaccum tube. 

The conduction of this vaccum tube can be controlled by 

applying proper voltage at the grid control [3]. In hard 

switched modulator mainly capacitor banks are used for 

energy storage purpose. Once the energy has been stored in 

the storage device, the vaccum tube switches dissipates some 

fraction its stored energy into the load. The hard switched 

modulator produce good rectangular pulse shapes for long 

time. The output pulse width of modulator is controlled by on 

and off the vaccum tube switch. The disadvantages of hard 

switched modulatros are poor efficiency and it dissipates 

more power as compared to line type modulator and needs 

crow bar switch for klystron protection [4]. For droop 

compensation, bouncer circuit is used. The bouncer circuit 

employs an additional capacitor and inductor to provide a 

ringing circuit whose voltage is added to the main voltage 

pulse to compensate for the discharge voltage droop. The 

linear part of the longer sinusoidal waveform is used for 

droop compensation. The ringing period must be greater than 

twice the pulse period and its amplitude and impedance must 

track klystron voltage and current. The bouncer is large, 

expensive and inflexible. In addition requires an early pre 

pulse to start the bouncer before the main pulse. The bouncer 

circuit can be added to the primary side of the transformer or 

energy storage capacitor [5]. 

IV. SOLID STATE MARX MODULATOR 

In MARX modulator, the concept of Marx generator is used 

to charge slowly a stack of capacitors in parallel to a given 

voltage. Upon firing of the solid state switch, the capacitors 

are reconnected in series. The Marx modulator will then 

generate pulsed output voltage equal to the individual cell 

voltage times the number of cells. Conventionally spark gap 

configurations are used in instead of solid state switch. With 

spark gap configuration, it is impossible to stop the 

discharging process, until the capacitors are completely 

discharged, and hence it is impossible to produce a flattop 

pulse with a conventional Marx modulator. The advances of 

solid state semiconductor devices have enabled a new class 

of Marx modulator, using closing switch topology. There are 

three advantages of this topology. Firstly, the switches can be 

open under falut condition within few microseconds. 

Secondly, the capacitor may be sized for an small droop 

during the pulse duration, eleminating the need for pulse 

forming network. Lastly, in case of non-triggering of any 

particular stage, the output waveform is not affected as this 

stage is bypassed through diode. The Marx modulators can be 

used for both short and long pulse width [6]. 

V. HIGH VOLTAGE CONVERTER MODULATOR 

 
Fig. 3: Converter Type Modulator 

The high voltage converter type modulator can be used for 

long pulse duration of the order of milliseconds. It mainly 

consists of DC power supply, H-bridge based resonant 

converter, high frequency transformer, and three phase bridge 

rectifier and filter. The switching device in this modulator is 

essentially a IGBT. At high frequency, MOSFET has more 

conduction losses and less switching losses, whereas the BJT 

has high switching losses and low conduction loss at high 

frequency. The IGBT has properties of both MOSFET and 

BJT. In higher power applications, the IGBT’s are preferred 

due to their high power handling capability. The resonant 

topology has two advantages. First, it provides  soft switching 

of IGBT switches, and helps to achieve ZVS and ZCS at the 

turn on and turn off transistors of IGBT’s, therefore switching 

losses at turn on of the IGBT switches are small. Second the 

leakage inductance of the transformer can be used as a part of 

resonant inductor [7]. 

For droop compensation, mainly phase shift 

topology is used. In this topology, delay is introduced 

between diagonal switches, and then  phase advances 

between them, therefore output increases at the load., hence 

in this way droop minimizes. This type modulator does not 

require crow bar switches as in case of hard switched 

modulator. It is designed inherently for fault protection and 

arc protection. 
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