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Design of Balanced Output High-Voltage Nanosecond
Pulse Source for Symmetrical Antenna

YANG De-giang, PAN Jin, ZHAO Zhi-gin, and NIE Zai-ping
(School of Electronic Engineering, University of Electronic Science and Technology of China Chengdu 610054)

Abstract Time-domain impulse generator is a very important unit in time-domain ultra-band radar systems.
Most time-domain impulse antennas are symmetrically designed which require balanced output pulse generators in
order to realize wideband matching. Aiming to solve the compatible problem of high voltage and balanced output,
which commonly exists in high-voltage pulse generators, this paper designs a new pulse generator circuit, the
cascade Marx circuit with balanced output. With this generator and a loaded bow-tie antenna, a 300 V nanosecond
pulse was generated. The measured result validates the effectiveness of the proposed pulse generator.
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The time-domain impulse has been widely used in
ground penetrating radar (GPR) for concealed targets
detection™. The antennas used for transmission are
usually symmetrically designed in order to realize
wideband matching™®®. Therefore, pulse generator
with balanced output is adopted. In radar system, the
detection range is a very important parameter. Usually
high amplitude output of the pulse generator is
demanded for long distance detection. However, it is
impossible for a single avalanche transistor to produce
such high amplitude output (e.g. hundreds of volts).
Cascade Marx circuit can significantly promote the
output voltage. But this kind of circuit usually provides
unbalanced output®®. Therefore, an unbalanced-
to-balanced conversion should be taken on the
symmetrical antenna which is extremely difficult for
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ultra-band time-domain pulse. In order to solve the
compatible problem of high voltage and balanced
output, this paper designs a new pulse generator circuit,
which uses the cascade Marx circuit with balanced
output. Experimental result shows that the new pulse
generator can meet the requirements of balanced
output and high amplitude of a bipolar pulse.

1 Design of the Symmetrical Marx
Circuit

In recent years, due to the emergence of high
performance avalanche transistors, it is possible to
miniaturize the size of solid high-voltage pulse
generator, which has been widely used in the pulse
circuits. When the transistor's collector voltage is high
enough, its amplitude of electric field in the charge
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region of the junction is many times higher than that at
the normal low-pressure condition. The carriers in the
collector are accelerated by the strong electric field,
leading to huge energies. Their collisions with the
lattice give rise to new electron-hole pairs. Then the
newly generated electron-hole pairs will be accelerated
again in the electric field. Repeating the above process,
the currents flow through the collector will rapidly
grow and bring avalanche multiplication phenomenon.
This is the transistor's avalanche multiplication
phenomenon. The obvious multiplication phenomenon
of the transistor is called as the avalanche transistors.
Fig. 1 gives the circuit diagram of a pulse
generator. The base of the avalanche transistor is
reverse biased. The working voltage reaches the
requirements of avalanche zone. Before the arrival of
the trigger pulse, the avalanche transistor is cut off.
The VCC voltage source charges the capacitor C,
through the R4 resistor and the Rj resistor, as illustrated
by the line
arrives, the transistor turns on rapidly. The capacitor C,
rapidly discharges through its own small resistance to
the ground. Since the voltage across the capacitor can
not abruptly jump, a negative pulse in the output
terminal will be generated. Confined by the voltage
characteristics of the transistor, usually this transistor
can only produce tens of volts pulse. If one wants to
generate larger pulse, cascade circuit is always
adopted.
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Fig. 1 The circuit diagram of a pulse generator

Fig. 2 is a principle sketch map of the Marx
circuit. When the switchers S turn off, all the
capacitances C are on charge. When the switchers turn
on, all the capacitances discharge which produce a
high-voltage pulse. The theoretical output voltage of
the pulse is U, =NxVCC, where N is the total
number of the capacitances, and VCC is the voltage of
the electric power. The avalanche transistor is a very
suitable switcher. Using avalanche transistor can
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miniaturize the size of the pulse generator.

The same capacitances can be set for each
capacitor at all levels, i.e. C,=C,=----- =C, , hence
the actual capacitance in the discharge process equals
to C=C,/N . The smaller the capacitance is, the
lower the pulse amplitude will be. Nevertheless, the
pulse will be narrower. Whereas, the bigger the
capacitance is, the higher the pulse amplitude is, but
the wider the pulse width will be. Vice versa.
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Fig. 2 The principle sketch map of the Marx circuit

As shown in Fig.3, when the avalanche transistors
are biased at the critical avalanche state, the power
charges for capacitors C, and Cs through the resistors
Ri, R, and Rs;. When a trigger pulse arrives, the
transistor will be avalanche breakdown. Because the
voltages across the c apacitors can not abruptly jump, a
in the Fig. e trigger puls
positive pulse and a negative pulse at the output port
will be generated.

Then they can be used as a balanced symmetrical
output pulse source directly connected to a symmetrical
antenna. Different from the non-symmetrical pulse, it
does not need the unbalanced-to-balanced conversion. It
can directly match the time-domain wideband antenna.
Therefore, the symmetrical pulse is very important. It
can improve the antenna radiation efficiency and reduce
the pulse tail.
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Fig. 3 The trigger port of symmetrical Marx
circuit with balanced output

Because of the breakdown voltage characteristics
of the transistor in Fig. 3, usually it is very difficulty to
generate a pulse which is higher than 100 V using
single level Max circuit. Some references also
proposed how to generate pulses with hundreds or
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even thousands volts using cascade circuit. But they
are all non-symmetrical pulses. It has never reported
how to generate a symmetrical nanosecond pulse with
hundreds volts with cascade circuit. In this paper, a
cascade Marx circuit with balanced output is proposed.
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Fig. 4 The sketch map of the 5 cascade stages
balanced output Marx circuit

The new cascade Marx circuit with balanced
output proposed in this paper is shown in Fig. 4. The
amplitude of the input trigger is larger than 1 V and the
pulse wide is less than 10 ns. The trigger signal is
transformed into one positive and one negative trigger
pulses by T,;. The positive trigger pulse makes the
cascade Marx circuits which consist of the avalanche
transistors T,~Tg avalanche continuously to produce a
positive high amplitude pulse. At the same time, the
negative trigger pulse makes the serial Marx circuits
which consist of the avalanche transistors T;~ Ty
avalanche continuously to produce a negative high
amplitude pulse. The amplitude of the output pulse
generated by this circuit can be upto +10 kV .

2 Experimental Results

A balanced output pulse generator with 0.5 ns
wide and £300 V amplitude has been realized. Fig. 5
and Fig. 6 show the photographs of the circuit board
and the antenna.

Fig. 5 The photographs of the circuit board
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Fig. 6 The photographs of the circuit board and the antenna

The experiment of transmitting/receiving a
nanosecond pulse is performed by combining the new
designed circuit with a bow-tie. The corresponding
wave form was recorded by the LeCroy wavepro 7Zi
oscillograph as shown in Fig. 7. The tailing of the
waveform is very small. The waveform in Fig. 7 is
better than that in Ref. [2]. The amplitude and the
width of the pulse in Fig. 7 are 3.375V and 0.5 ns,
respectively.
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Fig. 7 The wave form in the transmitting/receiving experiment
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3 Conclusions

The high-voltage nanosecond pulse generator
with balanced output designed in this paper possesses
prominent advantages when performing with the
symmetrical antenna. Due to the feature of the
balanced output, complicated unbalanced-to-balanced
conversion can be avoided. The design provides an
effective way for producing high amplitude pulse with
balanced output. Experimental result has proved the
effectiveness of the idea in the paper.
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