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A 5 W high voltage power supply unit with very high efficiency is developed. Its output voltage could be regulated between 0 and 5000 V with an output current from 0 to 1 mA. The unit basically is allocated to power different radiation detectors as scintillation detectors, semiconductor detectors, proportional chambers etc. The polarity of the output voltage – positive or negative – could be fixed in advance.

The electrical diagram of the device (with negative output) is shown on fig. 1. In order to cover the large voltage and current range with minimal power losses two-way control of the output voltage is used in it:

· the basic high voltage conversion is realized by a single chip pulse-width-modulation control circuit TL 494 (U2) [1]; through the outputs E1 and E2 it controls two power MOSFET Q1 and Q2, feeding successively the primary winding of the HV transformer T1;    
· the middle point of this winding is DC supplied by a low voltage converter (Q3, D8, L3, C23) [2], controlled also from the TL 494 outputs E1 and E2.
In such a way the import of energy in the primary winding of the transformer T1 and respectively its secondary winding voltage is controlled by the duration of “on” time of Q1 and Q2 and by the output voltage of the low voltage converter. By R26 the oscillation frequency of TL 494 could be regulated between 30 and 50 kHz. It is adjusted individually to correspond to the resonance frequency of the transformer T1. Because of the high inductance of secondary winding of T1 the form of its output voltage is near to sinusoidal. (Depending of the output voltage and current values it changes from pure sinusoidal to trapezoidal.)     

A four stage Cockroft-Walton rectifier (D2-D5, C1, C2, C8, C9) is used for the direct voltage generation. The output noise is drastically decreased (more than -60 dB attenuation of the basic harmonic) by a two stage LC-filter – L1, C17, C18 and L2, C16, C19, C20 (L2 and C16 form a parallel resonance circuit for the basic harmonic). Resistors R16 and R17 limit the short circuit output current. Resistor R13, included in the negative feedback chain, compensate the voltage drop on them.  

The signal for the negative feedback is taken by R11 before the output filter, in order to avoid the phase distortions. This signal is fed to the I1+ input of TL 494 through the amplifier U3A. The upper limit of the output high voltage could be adjusted by R2. A signal, proportional to the output voltage, is provided at the output Uout through the buffer U1A for external measuring and control. 

The reference voltage controlling the output voltage has to be fed to the UC input of the converter. It could be received from a manually controlled high- stabilized DC source or from a computer controlled DAC. The input UC is connected with TL 494 I1- input trough a buffer stage U1B. 
The second pair control inputs of TL 494 (I2+, I2-) is used for overloads protection. For this purpose the total output current passes through the resistor R23 and the corresponding voltage enters input “+” of U3B operational amplifier. A voltage, corresponding to the feedback chain current value, is fed to the U3B
“-“ input by R7. Thus its output signal, entering TL 494 I2+ input, corresponds exactly to the load current. It could be measured at the output Iout. 

The voltage (0÷5 V) limiting the maximal load current value has to be fed to ILIM input of the converter, from where it enters TL 494 I2- input. In case of overloading the output voltage is decreased to keep the load current under the set limit value.

For the control of the low voltage converter (Q3) the TL 494 output signals (E1, E2) are summarized (R27, R28) and integrated (C26), in order to generate a saw-shape voltage in the input of the comparator U4B, controlling the width of its output pulses. These pulses are fed to the base of Q3 through a power buffer (U5 – Timer 555). Thus the low voltage converter operates at double basic frequency of the main converter. The fully synchronized operation of both converters also contributes to the low output noise.

A supplementary protection against sudden increasing of the Q1 and Q2 current (in case of a short circuit in the Cockroft-Walton rectifier for example) is provided by the comparator U4A: the increasing of the voltage drop on the Q1, Q2 common emitter resistor R25 closes Q3 and the drain voltage of Q1, Q2 is fast decreasing. Besides the circuit of C31, D9, R46 and Q5 provides a delay in the raising of this voltage after each power “on” of the device: Q5 is kept “on” and Q3 - “off” during the charging of C31.   

The experimental measured power loss in the converter as a function of the output voltage at different constant load resistors or constant output currents is shown on fig. 2. These results show, that under any conditions the loss is smaller than 1 W, thus providing the high efficiency of the converter – more than 75% for output voltage from 2000 to 5000 V (fig. 3 and 4).
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