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Abstract: This contribution deals with a design and improvement of a logic unit, which controls
a HV generator for AC cell electroporation. The generator produces short bursts of bipolar high-
voltage pulses. Its safety is provided by appropriate topology of a power part and by safety circuits at
the control unit.
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1 INTRODUCTION

Demands on safety of electronic devices used in medicine are strict and approval of new devices for
clinical use takes a long time [1]. Thus, new devices are used for experiments. One of these new
devices is the HV generator for AC cell electroporation developed at FEEC BUT. This contribution is
focused on its control unit, which provides a safety of the whole device together with appropriately
chosen topology of a power part.

2 HV GENERATOR FOR AC CELL ELECTROPORATION

AC cell electroporation is based on the use of short bursts of bipolar rectangular pulses. The gener-
ator (Figure 1) of these bursts works as a DC-AC inverter with pulse transformer. Transformers are
replaceable, so two different output peak voltage values (1.3 kV or 2.5 kV) can be chosen. Delivered
peak power 27.5 kW in both cases is the same, so two maximal output current values (21 A resp.
11 A) are obtained. This topology is not widely used compared to topology with capacitor bank. The
topology with capacitor bank is advantageous with respect to shape of output pulses, which can be
purely rectangular [2]. Energy accumulation at capacitor bank also takes a less space.

(a) Front panel (b) Internal arrangement

Figure 1: HV generator for AC electroporation
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On the other hand, malfunction of a semiconductor switch, which connects the capacitor bank to ap-
plication electrodes, can cause uncontrolled discharge of the capacitor into the tissue. For this reason,
safety switch, which grounds the electrodes, must be used [3]. This problem does not occur, when the
topology with pulse transformer is used. Eventual transistor malfunction leads to magnetizing current
increase and core saturation [4]. Similar problem can occur in control unit, when signals are affected
by interference. For this reason, control unit must contain some protective circuits.

3 CONTROL UNIT

The control unit allows the operator to set time properties of the output voltage: a length of bursts,
a length of space between bursts and frequency of pulses. Output bursts can be synchronized with
ECG signals, that is important during operation near myocardium. A built-in overcurrent protection
reacts, when a primary current of the transformer exceeds its peak value. A block diagram of the unit
can be seen in Figure 2a and typical shape of the output voltage in Figure 2b.

(a) Block diagram of the control unit (b) Typical shape of the burst

Figure 2: Control unit of the generator

High-frequency pulses are generated by tunable CMOS 4047 oscillator, their frequency can be changed
from 60 to 470 kHz. Output signals Q and Q̄ are led to inputs IN A and IN B of an integrated gate
driver UCC 27524, whose outputs are boosted by MOSFET transistors. Gate signals for switching
transistors in power part are isolated by pulse transformer. The oscillator, which is also a source of
a clock signal (CLK) for a D-flip-flop (CMOS 4013), runs permanently. Bursts are created by cutting
of output signals Q and Q̄. It is provided by integrated driver in cooperation with D-flip-flop. Its input
S is grounded (S = 0) and signal from burst length generator (Figure 3) is led to its input D.

Figure 3: Burst length generator
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Logic state from input D is transferred to output Q with rising edge of the clock signal. Thus, when
output signal from the burst length generator D = 1, integrated driver is unblocked by its enable inputs
EN A and EN B. Burst length can be varied from 40 to 120 µs by potentiometer R4. The generator is
triggered on a rising edge of a signal brought to its input. A source of the input signal can be a space
length generator (AUTO mode) or a synchronization circuit (ECG mode). Working mode is selected
by toggle switch. Especially in ECG mode, when the input signal can be affected by interference,
a safety flip-flop circuit (IC2A, IC2B) is needed. It does not allow a creation of the new burst less than
0.3 s after the end of the previous one. This situation is captured in Figure 4.

Input signal

Blocking  signal

(a) Power part is working

Input signal

Blocking signal

(b) Power part is blocked

Figure 4: Input and blocking signals at the burst length generator

Blocking signal is triggered on a falling edge of the input signal brought to the mode switch. A normal
situation can be seen in Figure 4a. Rising edge of the input signal comes more than 0.3 s after the
falling edge, so power part is unblocked with each rising edge of the input signal for a period set by
potentiometer R4. An error situation is in Figure 4b, when the rising edge of the input signal comes
less than 0.3 s after the falling edge and the power part is permanently blocked. The space length
generator (Figure 5a) works as a relaxation oscillator. Its period can be set by potentiometer R5 from
0.5 to 1.5 s. A diode D1 with resistor R6 provide, that a duty cycle is lower than 0.5. Thus, the safety
flip-flop circuit IC2A, IC2B (Figure 3) can not block the power part.

(a) Space length generator (b) ECG synchronization circuit

Figure 5: Space length sources

A signal brought to the ECG input (Figure 5b) is isolated by optocoupler D1, T1, which also works as
a signal shaper. Shaped signal (ECG) is led to the mode switch and to a flip-flop circuit, which extends
the signal to synchronize an external oscilloscope used for burst visualization. Oscilloscope output is
isolated by the second optocoupler D2, T2, which works also as a signal inverter. Mentioned signals
in one sequence are captured in Figure 6. It is obvious that the burst length generator is triggered
on the rising edge of the space length signal and the power part is unblocked with rising edge of the
burst length signal. The first and the last pulse is shortened and the whole burst is delayed because
of used D-flip-flop. When the rising edge of the burst length signal appears at the D-input of CMOS
4013 (Figure 2a), the flip-flop waits for the rising edge of the CLK signal and after that, the rising
edge from the D-input is transferred to its Q-output. The power part is unblocked. A similar situation
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becomes with the falling edge of the burst length signal. The last pulse is created, but the power part
is blocked with the next CLK rising edge and the pulse is cut off.

Signal from
space length generator

Signal from
burst length generator

Output voltage burst

Figure 6: Sequence of control signals

Primary current of the pulse transformer in the power part is sensed by a pulse transformer with trans-
fer ratio 1:1500 (Figure 7) and rectified. When the primary current exceeds its nominal value 96 A,
voltage drop on shunt resistors R7, R8 reach to 8.5 V and RESET signal created by Schmitt triggers
IC1C, IC1D is transferred to the R-input of CMOS 4013 and power part is blocked. Unblocking is
provided by mains switch. Undervoltage protection, which is based on TL 431 regulator and Schmitt
triggers IC1A, IC1B , is also needed. The control unit is powered from auxiliary supply + 15 V DC and
in the case of voltage drop, power transistors can be switched incorrectly. To suppress this problem,
gate signals are blocked, when the supply voltage decreases under 13 V.

Figure 7: Undervolatge and overcurrent protection

4 BURST LENGTH GENERATOR IMPROVEMENT

Burst length generator can be improved by protective flip-flop circuit (IC3A, IC3B), which does not
allow a creation of longer burst than 150 µs. A cutout of current circuit diagram can be seen in
Figure 8a. Improved version is shown in Figure 8b, added components are red. When an error in
flip-flop (IC1B, IC1C) occurs, added protective circuit cuts the burst after 150 µs, so the amount of
energy delivered to the tissue cannot be increased. Other part, that can be improved, is the synchro-
nization circuit. Actual version allows to synchronize the oscilloscope only in ECG mode. But it
is advantageous to synchronize the oscilloscope also in AUTO mode, because it simplifies the work
with devices at workplace. And finally, control unit based on Schmitt triggers is simple, but changes
of current parameters or addition of new functions is associated with component replacements or new
PCB design. For this reason, new sample of AC electroporating generator will be controlled by MCU
or FPGA.
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(a) Current version (b) Improved version

Figure 8: Protective circuit in burst length generator

5 CONCLUSION

This contribution deals with control unit of HV generator for AC electroporation. The unit, which is
based on Schmitt triggers, produces gate signals for switching transistors, protects these transistors
against the overrcurrent and allows the user to set time properties of output voltage bursts. Addi-
tional function is ECG synchronization possibility. Safety of the whole device is provided by chosen
topology of the power part and by safety circuits as parts of the control unit. The topology with
pulse transformer is more safe compared to the topology with capacitor banks, because the risk of
uncontrolled capacitor discharge is eliminated and a body of the patient is isolated from AC mains
by the pulse transformer. The control unit contains mentioned overcurrent protection, undervoltage
protection and flip-flop circuit, which provides a minimal delay between two bursts. Next sample of
the unit will be supplemented by other flip-flop, which will determine maximal length of the burst.
Finally, the whole device will by controlled by MCU or FPGA.
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