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Abstract: Food processing technologies for food preservation have been in constant development over a few decades in order to meet current consumer’s demands. Healthy
competitive improvements are observed in both thermal and non-thermal food processing technology since past two decades due to technical revolution. Among these novel
technologies, pulsed electric field food processing technology has shown to be a potential
non-thermal treatment capable of preserving liquid foods. The high-voltage pulse generators specifically find their applications in pulsed electric field technology. So, this paper
proposes a new structure of a high-voltage pulse generator with a cascaded boost converter
topology. The choice of a cascaded boost converter helps in selecting low DC input voltage
and hence the size and space requirement of the high-voltage pulse generator is minimized.
The proposed circuit is capable of producing high-voltage pulses with flexibility of an
adjusting duty ratio and frequency. The designed circuit generates a maximum peak voltage
of 1 kV in the frequency range of 7.5–20 kHz and the pulse width range of 0.8–1.8 µs.
Also, the impedance matching between the cascaded boost converter and the high-voltage
pulse generator is found simple without further additional components. The efficiency can
be improved in the circuit by avoiding low frequency transformers.
Key words: cascaded boost converter, food processing, high-voltage pulse, MOSFET,
pulsed electric field

1. Introduction
The commonly known traditional food processing methods like cooking, heating, freezing,
refrigeration and blanching are preferred by people at their homes. However, from a large-scale
view, the food processing industries combine these techniques with other processing operations
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with the help of different technical prospects that could not be commonly practiced by consumers
during house-hold processing.
The modern technologies include high-temperature short-time heating or vacuum heating,
high pressure treatment, extrusion and microwave processing. These methods usually emphasize on food preservation with maximum retention of food quality [1–4]. So, non-thermal food
processing methods have gained attention of researchers as a substitution of traditional thermal
processing methods of food. Among the non-thermal processes, pulsed electric field [PEF] technology offers low processing temperature, efficient energy utilization, retaining the food quality
like flavor, colour, taste and nutrients [5–11]. Moreover, the generation of high-voltage pulses
requires a pulsed voltage generator as an inevitable part of the PEF food processing.
A commercial electroporator is capable of providing high electric field intensity in the order
of 10 kV/cm–100 kV/cm but it is found feeble in the study of microbial inactivation by PEF
technology due to the bigger size of the high-voltage pulse generator [12]. Whenever the voltage
across the microbe’s outer membrane (known as transmembrane voltage) reaches  1 V by the
applications of the high-voltage pulses, the microbe gets inactivated [13]. This phenomenon
known as electroporation is majorly influenced by either pulse magnitude or the number of
pulses applied [14]. It is proven from the literature that electrical parameters are interrelated
in determining the efficiency of the microbial inactivation [15–17]. The PEF generator can be
developed based on either higher output voltage at lower frequency or higher frequency at lower
voltage in the range of 1 kV to 5 kV [18]. Generally, the PEF generator design should have high
effectiveness, portable, cost-effective and flexible circuit design for food processing in order to
increase the effectiveness of the PEF technology.
PEF generators can be designed by using advanced semiconductor devices to reduce the
size and space requirement unlike the conventional PEF generators discussed in [19–21] and the
individual PEF generator developed in the past two decades that possesses its own advantages
and disadvantage. In conventional PEF generators, the thyratron, ignitron, gas spark gaps and
trigatron are used as switching elements. But, the classical switches have the drawbacks such
as: the repetition rate is limited (less than 100 Hz), the complex triggering circuit design and
the switching time delays which try to alter the wave-shape. But, the embellished technological
improvements in semiconductor technology have been brought in PEF systems to make them
efficient [18,22–26]. This paper proposes a high-voltage pulse generator that focuses on reducing
the input DC voltage requirement for the high-voltage pulse generation by selecting cascaded
boost converter topology as a front-end converter. The cascaded boost converter increases the
low-input DC voltage to high-voltage and consists of power electronics semiconductor switches.
The choice of power electronic switches minimizes the size of the equipment and also improves
the reliability of the circuit. The proposed circuit is designed to generate high-voltage pulses of a
maximum peak of 1 kV with an adjustable pulse width in the range of 0.8–1.8 µs and a frequency
range of a few kHz–50 kHz. The following sections elaborate the design and the experimental
results obtained in detail.

2. Electric circuitry and design
A high-voltage pulse generator requires high-voltage DC supply as an input side source.
There are many conventional methods available such as rectifier circuits, voltage doubler circuits
and voltage multiplier circuits. One of the simplest methods is to use rectifier circuits, either a
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half-wave rectifier or a full-wave rectifier. However, these circuits also require high AC voltage as
input. Again, several units are to be connected in series as the voltage demand increases. When a
number of units are used in series, transient voltage distribution across each unit becomes nonuniform and special care must be taken to make the distribution uniform. Moreover, the circuits
need large supply and an isolation transformer. So, the proposed generator has been designed in
a non-isolated manner to avoid the huge transformers with the help of power electronics DC-DC
converters. Though there are many topologies that have been developed to increase the voltage
level like a multiplier, switched capacitor and multilevel converters, the cascaded boost converter
is selected in the present work. The cascaded boost converter is a straight forward approach to
increase the voltage gain in geometric progression with reduced components and without any
complicated circuit connection. So, the proposed circuit in this paper avoids such a huge isolating
transformer by the selection of the cascaded boost converter and the respective circuit is shown
in Fig. 1. This helps in reducing the input voltage and the space requirement.

(a)

(b)
Fig. 1. High-voltage pulse generator: (a) block diagram; (b) circuit diagram

2.1. DC power supply
A 48 V battery is used to feed the cascaded boost converter. This can be replaced by two 24 V,
25 A switched mode power supply (SMPS) connected in series.
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2.2. Cascaded boost converter
The cascaded boost converter has a better voltage gain than the conventional boost converter
and so, the proposed high-voltage pulse generator is designed based on the cascaded boost
converter [27,28]. The cascaded boost converter is as shown in Fig. 1 and this circuit results from
the association of two identical elementary boost converters connected in tandem. It consists of
an input voltage source, two independently controlled switches S1 , S2 , two freewheeling diodes
D1 , D2 , two capacitors C1 , C2 and two inductors L 1 and L 2 [29, 30]. The modes of operation are
as follows.
Mode 1: This begins when the switch S1 is turned on. During this period, S2 will remain off.
The inductor L 1 gets loaded through the supply voltage and stores the energy. This mode finishes
when S1 is turned off.
Mode 2: During this mode of operation, S1 is turned off and S2 is turned on. The output of the
first stage has now become the input of the second stage. The inductor L 2 gets loaded through the
supply voltage and stores the energy. This mode of operation is finished when S2 is turned off.
The voltage ratio is calculated by using Equation (1) as follows [31–33]:
Vout
1
1
=
,
Vin
(1 − D1 ) (1 − D2 )

(1)

where D1 is the duty cycle of the first stage and D2 is the duty cycle of the second stage in the
cascaded boost converter circuit.
The output and inductor currents are given by the following Equations (2)–(4).
Vout
,
R
Iout
,
=
1 − D2

Iout =

(2)

I L2

(3)

I L1 =

I L2
,
1 − D1

(4)

where I L1 and I L2 are the currents flowing through the inductors L 1 and L 2 , respectively. The
inductor and capacitor values can be calculated by using the following Equations (5)–(8).
L1 =

D1Vin
,
f ∆i L1

(5)

L2 =

D2Vin
,
f ∆i L2

(6)

C1 =

D1V1
,
f R∆VC1

(7)

C2 =

D2Vout
,
f R∆VC2

(8)

where V1 and V2 are the voltage across the capacitors C1 as C2 , respectively.
Based on the requirement, the circuit components are chosen in order to produce high-voltage
pulses of peak 1.7 kV and the values are tabulated in Table 1.
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Table 1. Circuit components.
Component

L1

L2

C1

C2

L3

L4

C3

1 mH

1 mH

10 µF

10 µF

220 µH

220 µH

10 µF

Switches

S1 IXTX20N247,
20 A, 1500 V

S2 IXTX20N247,
20 A, 1500 V

S3 IXTX20N247,
20 A, 1500 V

Duty ratio

0.66

0.66

0.5

Switching frequency

Maximum – 50 kHz

Maximum – 50 kHz

Maximum – 50 kHz

Fig. 2 shows the simulation results of the circuit using MATLAB/SIMULINK. Fig. 2(a)
illustrates the waveform of the input voltage and the current, where the input current varies as the
load changes its value. So, the maximum current drawn from the input side supply is determined
by the capacity of the battery. Fig. 2(b) represents the waveforms of output electrical signals at
the second stage of the cascaded boost converter. When the steady state is achieved, the voltage
is maintained as constant at 400 V and the current I L2 attains 12 A.

(a)

(b)

(c)

Fig. 2. (a) input voltage and current; (b) output voltage and current; (c) duty ratio vs. voltage gain

It is observed that the ripple content in the input current and the inductor current I L2 are very
low. The voltage gain increases when the duty cycle increases as in other power converters and
the corresponding plot is shown in Fig. 2(c). It is observed that the pulse voltage is increased with
the increased load resistance.
2.3. High-voltage pulse generator
The cascaded boost converter output acts as the input to the high-voltage pulse generator.
The cascaded boost converter is connected to the next stage of the high-voltage pulse generator
with proper impedance matching through the inductor L 3 which is considered an impedance
matching device. The value of the L 3 inductor should be selected in such a way that the variations
in load should not be reflected in the DC supply on the input side. So, the selection of the
cascaded boost converter as a front-end converter simplifies the impedance matching between
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the cascaded boost converter and the high-voltage pulse generator. The high-voltage pulses are
generated whenever the current through the inductor L 4 is interrupted at regular intervals with the
help of the MOSFET switch S3 in the circuit. The current through the inductor L 4 is calculated
by using following Equation (9).
Z
1
I L4 (t) =
VL4 (t) d (t),
(9)
L4
L 3 or L 4 =

VL4 × Ton
,
I L4,peak

(10)

C3 =

I L4 × Ton
,
VL4

(11)

where Ton is the switch-on time period of MOSFET S3 .
The output voltage and current pulse generated by the proposed circuit are shown in Fig. 3 for
a load resistance of 50 Ω, which is the typical value of the biological load (food samples) [34],
and the duty ratio is set as 0.65 at 20 kHz. The load current also follows the pulse pattern which
is recommended by the biological load, where the heat generated during the process should be
maintained as low as possible. The steep pulses are determined by the rise/fall time characteristics
of the MOSFET switch used in the circuit. The pulse energy can be stored and then delivered to
the food samples.

Fig. 3. Output pulse voltage and current duty ratio 0.65 at 20 kHz

3. Experimental results
The proposed circuit is designed to work in open loop mode and fabricated. Pulse width
modulation technique is used to adjust the pulse width and pulse frequency. A PIC18F2550
microcontroller is programmed in such a way to adjust the frequency and pulse width in the
designed topology. PIC18F2550 is energized by a 5 V DC supply which is built by using a bridge
rectifier (diode 1N4007) along with a voltage regulator (IC 7805). A maximum frequency of
50 kHz and 75% of a duty ratio are obtained by changing the output ports of PIC18F2550. The
voltages and current of the proposed converter are different at different stages. The voltage at
the first stage of the cascaded boost converter is doubled at the end of the second stage of the
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cascaded boost converter. The MOSFET switches are identically selected based on the maximum
voltage of the circuit. So, three identical MOSFETs, IXTX20N247, 20 A, 1500 V, are used in
the proto type pulse generator by considering the safety margin, and moreover, the MOSFETs
are inexpensive. But, the MOSFETs and other components should be perfectly selected as per
the design, if the output voltage range is extended further. The experimental set up is shown
in Fig. 4. The input side battery is replaced by a series-connected SMPS of 24 V rating each.
The food chamber, which is made up of acrylic glass, is used to carry a liquid food sample of
volume 100 ml.

Fig. 4. Experimental set up: (a) DC power supply; (b) front panel of the fabricated circuit;
(c) food chamber; (d) internal circuit

The fabricated circuit is tested for two different input voltage (24 V and 48 V), different
frequencies and pulse widths for a resistive type load of 50 Ω, and the results are tabulated in
Table 2. It is observed that the output pulse magnitude is found maximum when the frequency
is set at 7.5 to 20 kHz when the duty ratio is 0.5. The output pulse width is found in the range
of 0.8–1.78 µs, and it can be achieved by adjusting the switching pulse width of the MOSFET
switch S3 .
In the proposed circuit, separate driving circuits are preferred to trigger the MOSFET switches
S1 , S2 and S3 . The output pulse magnitude is doubled whenever the input DC voltage doubles.
The designed cascaded boost converter works in continuous mode, and so it helps to provide like
a constant DC source to the high-voltage pulse generator.
Fig. 5 shows the output voltage pulse and looks similar to the simulation output. The voltage
peak is basically determined by the di/dt rating of the inductors (L 3 and L 4 ) used. The desired
value of the output voltage can be determined by the properties of liquid food samples and
the volume selected for the experiments. The voltage peak values can be adjusted by switching
frequency and a duty ratio. The proposed circuit has the reliability for the maximum voltage under
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Table 2. Experimental results of the prototype high-voltage pulse generator.

Input
voltage (V)

Input
current (A)

Frequency
(kHz)

3

50

10

0.5

520, 1.55

5

0.25

210, 1.78

20

0.5

1000, 0.81

10

0.25

500, 1

24

0.32

1000, 0.84

12

0.2

500, 1.16

21

0.21

1000, 0.81

11

0.11

500, 1

20

0.16

1000, 0.81

10

0.08

500, 1

10

0.5

215, 1.55

5

0.25

106, 1.78

24

0.5

500, 1.03

12

0.25

250, 1.38

24

0.4

500, 1.01

12

0.25

250, 1.38

25

0.28

520, 1.03

13

0.28

250, 1.38

29

0.22

500, 1

15

0.11

250, 1.4

1.5
3.6

20

2
48

4

15

2.5
3.6

10

2
3

7.5

2
3

50

1.5
4

20

2
24

Duty ratio

Output
voltage,
peak (V)
pulse
width (µs)

Switching
pulse
width (µs)

2.5

15

2
2

10

1.5
2
1.5

7.5

both the control parameters of switching frequency and a duty ratio. The maximum output current
is observed as 250 mA for the developed prototype. For a 1 kV output voltage pulse, the average
output voltage is found to be 500 V and so, the overall maximum efficiency is found at 87%.
Though the cascaded boost converter increases the number of components when compared to
the front-end rectifier in the conventional topology, the circuit avoids low-frequency transformers
and so, the efficiency is found better for the proposed topology.
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Fig. 5. Output voltage pulses for a resistive load of 50 Ω

4. Conclusions
The proposed circuit has no step-up low-frequency transformer. Hence the generator efficiency is enhanced, and the generator weight and volume are reduced. Semiconductor devices
are employed in the circuit and thus it can be considered as a cost-effective, high-voltage pulse
generator. The cascaded boost converter has better voltage gain than a single-stage boost converter
and also works in continuous current mode. The combination of the cascaded boost converter
and high-voltage pulse generator proves better impedance matching. Also, the proper impedance
matching is required to avoid the load change reflection on the input battery side. The circuit reliability is improved for different switching frequencies and a duty ratio. The number of MOSFETs
included in the high-voltage pulse generator can be increased to raise the voltage magnitude and
to reduce the voltage stress on each individual MOSFET. However, care must be taken to use a
well-synchronized driver circuit to trigger individual MOSFETs.
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