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Abstract – The paper presents the results of inves-

tigations of an ultrawideband (UWB) radiation 

source with a single antenna excited by a bipolar 

pulse of the 220-ps length, 100-kV amplitude and 

pulse repetition rate up to 100 Hz as well as the 

design of a source with a 16-element antenna ar-

ray. 

1. Introduction 

In order to improve the space resolution of UWB radar 
and to carry out investigations on electromagnetic 

compatibility in the frequency range up to 10 GHz, it 

is necessary to decrease radiation pulse length to hun-

dreds of picoseconds. 

 

 

Fig. 1. Outward appearance of a source 

Structurally, the source under consideration 

(Fig. 1) consists of a monopolar pulse generator, bipo-

lar pulse former and radiating system. To connect the 

generator to the array antenna, a power divider with an 

impedance transformer is used. 

2. A bipolar voltage pulse generator 

The generator of bipolar voltage pulses consists of a 

monopolar pulse generator, intermediate sharpening 

stage and bipolar voltage pulse former. A high-voltage 

generator SINUS-160 was used in the given source as 

a monopolar pulse one [1]. An equivalent circuit of 

the bipolar voltage pulse generator shown in Fig. 2 

presents the monopolar pulse generator by an output 

forming line Т0 and switch S0. This line could charge 
from the secondary coil of Tesla transformer up to the 

voltage of 360 kV with the pulse repetition rate of 

100 Hz. The intermediate sharpening stage consists of 

a line Т1, limiting resistor R0, charging inductance L 

and switch S1. The bipolar pulse former is assembled 

according to the circuit with an open-ended line in-

cluding the lines Т2–Т8, the sharpening S2 and cut-off 

S3 switches and a load R. We used the similar con-

struction circuit in [2] when generating 0.5-ns-length 

bipolar voltage pulses. A principal difference of the 

former circuit is that the open line Т5 is connected 
between ground conductors of the lines Т4–Т5 and its 

output is loaded to two series-connected high-

impedance lines Т6–Т7. Parameters of the lines Т6–Т7 

were chosen by means of calculations taking into ac-

count the design features. 

The circuit was computer simulated using the pro-

gram PSpice. The switches had the commutation close 

to the ideal one. Fig. 2 presents the turn-on time of the 

switches, parameters of the lines, inductances, and 

resistors. The forming line T0 of the monopolar pulse 
generator charged up to the voltage of –360 kV is 

commutated by the switch S0 to the intermediate line 

Т1 through the limiting resistor R0 and charging induc-

tance L. Maximum charging voltage at the line T1  

 

      
Fig. 2. An equivalent circuit of a bipolar pulse generator 
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achieves 500 kV during 3.1 ns (Fig. 3). The switch S1 

operates in the charging voltage maximum and con-

nects the line T1 through a high-impedance line Т2 to a 

forming line T3 that is charged to the voltage of 

600 kV during 220 ps. When the switch S2 operates in 

the charging voltage maximum at the line Т3, and the 

switch S3 operates with a 68-ps relative delay in the 

transmitting line Т8, at the end of which the load 

R = 50 Ώ is installed, then a bipolar voltage pulse of 
the amplitudes ± 350 kV and length of 200 ps is 

formed.  
 

      

Fig. 3. Calculated waveforms of charging voltage U1, U2 at 

the lines Т1 and Т3 and a bipolar voltage pulse U in the line Т8 

Fig. 4 presents the design of the intermediate 

sharpening stage and bipolar pulse former. The sharp-

ening stage consists of three gas volumes separated 

with polycarbonate insulators 1 and 3. In the first vol-

ume, in the nitrogen medium under the pressure of 

90 atm, the disk line Т1, the sharpening switch S1 and 

the capacitive voltage divider D1 are disposed. An 
interelectrode gap in the switch is equal to 1.5 mm. 

The charging voltage pulse arrived to the line Т1 from 

the monopolar pulse generator through the charging 

inductance L. In the second volume under the nitrogen 

or hydrogen pressure of 100 atm there are placed the 

lines Т2–Т7, a part of the transmitting line Т8 and a 

sharpening S2 and cut-off S3 switches. 

In the third volume under the atmospheric pressure 

there is placed the second part of the transmitting line 

Т8 with a coupled-line voltage divider D for recording  
 

the output bipolar pulse. The divider was calibrated by 

a 200-ps-length bipolar voltage pulse from a low-

voltage generator by means of a stroboscopic oscillo-

scope TMR 8112 with the passband of 12 GHz. To 

record the output high-voltage pulse from the former, 

a TDS 6604 oscilloscope with the passband of 6 GHz 

was used that resulted in the pulse distortion both by 

amplitude and length. Low-voltage generator pulses 

recorded by means of the TDS 6604 and TMR 8112 
oscilloscopes are presented in Fig. 4 for comparison. 

The TDS 6604 oscilloscope with the measuring cable 

gives broadening of the pulse length by 1.145 times 

and decrease of the amplitudes of negative and posi-

tive half-waves by 1.93 and 1.66 times, correspond-

ingly. By these scaler coefficients, one can evaluate 

the output pulse parameters from the former. 
 

     

Fig. 4. Low-voltage generator pulse recorded with the TRM  

  8112 and TDS 6604 oscilloscopes 

Fig. 5 shows the output bipolar voltage pulses U 
recorded from the voltage divider D when the 

switches S2–S3 are filled with hydrogen or nitrogen. In 

nitrogen, the amplitudes were of – 100 and + 87 kV 

while in hydrogen they were of – 50 and + 35 kV, 

respectively. Leading edges of bipolar voltage pulses 

are drawn by pre-pulses caused by the passage of the 

charging pulses of the forming line Т3 through a trans-

fer capacitance of the switch S2 (Fig. 2). Pulse length 

was determined by the level of 0.1 of the amplitude 

value using a linear approximation of the leading edge 
to the intersection with a zero line and taking into 
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Fig. 4. A bipolar pulse former design 
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account the scaler coefficients. In nitrogen and hydro-

gen, it was equal to 215 and 260 ps, respectively. 
 

 

Fig. 5. Output bipolar voltage pulses from the divider D 

when the switches S2–S3 are filled with nitrogen and hydrogen 

Relative spread of the voltage amplitude in these 

gases at a pulse repetition rate of 100 Hz is no higher 

than 4%. In the switches, it is preferable to use nitro-

gen in comparison with hydrogen due to its higher 

electric strength. 

3. Antenna characteristics 

Fig. 6 presents the design of a combined antenna in-

tended to radiate high-power pulses. The antenna can 

be considered as a combination of an electric type 

radiator in the form of a ТЕМ-horn 1 and magnetic 
radiators in the form of active 2 and passive 3 mag-

netic dipoles. The antenna is connected to a 50-Ώ 

wave impedance feeder through the N-type RF-

connector 4. The antenna length L equals to 43 mm, 

the height H and the width are equal to 40 mm. 

 

Fig. 6. A combined transmitting antenna design 

The antenna is optimized to radiate bipolar voltage 

pulses of the length 200 ps and amplitude up to 

100 kV. The passband by the level of VSWR ≤ 2 

equals to 1.4…9.8 GHz. Change of the amplitude-
frequency response relative the average value is not 

larger than ± 1.5 dB for forward direction (ϕ, δ = 0 °, 

where ϕ is the azimuth angle, δ is the elevation) in the 
frequency range of 1.1…8.1 GHz. Deviation of a 

phase-frequency response from linear for the same 

observation angles is less than ±π/16 for the frequen-
cies of 1.7…9.2 GHz. A relative passband determined 

by simultaneous fulfillment of these criteria is 4.8:1 in 

the direction of the main radiation maximum. 

Energetic efficiency calculated as the ratio of the 

radiated energy to the generator pulse one (without 

taking into account losses in the transmitting antenna) 

is approximately equal to 0.92. 

The combined antenna efficiency by the field radi-

ated is determined as follows: 

=

p

E

g

E R
k

U
, 

where Ep is the peak value of the electric field strength 

in a pulse radiated by the antenna, Ug is the peak value 

of the generator voltage amplitude equal to 0.9. 

The antenna patterns by peak power are close to 

the cardiode ones in Н- and Е-planes. FWHM of the 
patterns in H-plane is 90 ° while in E-plane it is equal 

to 100 °. The directivity factor of the antenna equals to 4. 

4. Array antenna 

In order to excite a 16-element array from one genera-

tor, the designs of series-connected impedance trans-

former and 16-channel power divider have been de-

veloped. A transformer of impedances from 50 to 

3.125 Ώ was installed at the divider input. The total 

feeder impedance of a 16-element array is 

50/16 = 3.125 Ώ. A compensated exponential transi-

tion was used for impedance transformation. SF6-gas 
under pressure was used to increase the electric 

strength in the transmission line. 

The array (Fig. 7) consists of 16 (4 × 4) elements 

united into vertical sections with four elements in 

each. The elements in a vertical section are connected 

galvanically with each other. The distance between the 

sections equals to 44 mm. The array aperture is 

172 × 160 mm. 
 

 

Fig. 7. Array antenna 
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5. Measurement results 

In order to decrease a breakdown probability at the 

excitation with a high-voltage pulse, a radiated an-

tenna was placed into the SF6-gas atmosphere with a 

small excess pressure. The antenna was excited with a 

pulse presented in Fig. 5. A radiated pulse was re-

corded with a Tektronix TDS 6604 oscilloscope by 

means of a TEM-horn installed at a 10.5-m distance. 

Fig. 8 presents the waveform of the radiated pulse. 
The field strength was found by the ratio  

=

a

e

U
E

h
, 

where Ua is the voltage at the receiving antenna out-

put, he is the effective length of the receiving antenna. 

Fig. 9 presents the effective length he of the TEM-

horn versus frequency equal to ≈ 0.03 m for the pulse 

given. The effective potential of radiation is 100 kV. 
 

 
Fig. 8. Radiated pulse waveform 

 

Fig. 9. The TEM-horn effective length versus frequency 

6. Conclusion 

High-power sources of ultrawideband picosecond 

radiation have been developed. An effective potential 

of a single antenna source is equal to 100 kV at a 100-

Hz pulse repetition rate. A predicted effective poten-

tial for a 16-element array source is ~ 350 kV. 
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