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Abstract: The general circuit topology and principles of low-noise high-voltage power supply are 

investigated to meet the requirements of the high-voltage bias application in air kerma meters. Two 

topologies, flyback converter and Royer converter are simulated using SPICE simulation program. 

The simulation results indicate that the circuit structure of the Royer converter is more complex, but 

it obtains lower output high voltage noise. While we develop an adjustable high-voltage power 

supply according to the circuit structure of the Royer converter, and tested it to ensure the design 

requirements for continuously adjustable output high-voltage linearity. The test results show that 

the linear adjustment rate is not more than ±0.0025%, the load regulation rate is less than ±0.1%, and 

the output ripple noise voltage percentage is less than 0.01%. These tested performance make it 

more suitable for accurate nuclear measurements. 

Keywords: air kerma meter; flyback converter; high-voltage power supply; Royer converter 

 

1. Introduction 

The air kerma meter is a radiation meter used to measure the air kerma produced by 

an external radiation source [1]-[4]. It is usually composed of several major parts for de-

tection, signal processing, analysis, display, output, etc., of which the most important part 

that determines the basic performance of the meter is the detector. The frequently-used 

nuclear radiation detectors such as gas detectors, scintillation detectors, semiconductor 

detectors, solid-state trace detectors, etc., require using a high-voltage power supply as 

the detection bias voltage [5][6]. Therefore, the accuracy of nuclear radiation detectors that 

require high-voltage bias depends on the performance of the high-voltage power supply. 

The main indicators of interest for the high-voltage power supply of air kerma meters 

include output voltage linearity, linearity regulation, load regulation, output ripple and 

noise, etc.  

The high-voltage power supply module commonly used in radiation monitoring in-

struments shall not exceed 10 W at most, which belongs to micro power supply. Push pull 

converter and flyback converter are usually selected to achieve high-voltage output. In 

the research on high voltage of nuclear instruments, Masatosi Imori et al. designed a high 

voltage source with 1500V to 2000V output using driver circuits, transformers and Cock-

croft-Walton circuits for the high voltage of photomultiplier tubes[7]. It has a load re-

sistance of more than 10 MΩ and a conversion efficiency of more than 50%. Zeng Guo-

qiang and others designed a DC high-voltage power supply for the ionization chamber 
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according to the Royer principle [8]. In this method, two triodes are used to generate self-

excited oscillation, then high-voltage output is obtained through transformer, and finally 

DC high-voltage output is obtained through rectification. Its output voltage can reach 

3kV, and the feedback part adopts switching regulator TL1534. This method has low noise 

and high conversion efficiency. Qiang Guo et al. designed a programmable high-voltage 

power supply module for nuclear instruments based on the flyback converter principle 

[9]. Flyback converter is a kind of switching power supply, the switching signal is con-

trolled by PWM. Its output voltage is 0 to 600V, and the power supply noise does not 

exceed 600mV. Yu Qianqian and Qiao Minjuan et al. also designed DC high-voltage 

power supply in the context of nuclear instrument application [10], [11]. Both of them are 

low noise and low power. 

In order to improve the performance of nuclear radiation detectors and ensure their 

compliance with higher requirements for air kerma measurement, an adjustable high-

voltage power supply for air kerma meter is developed and proposed in this paper. The 

test results for the developed adjustable high-voltage power supply show that the key 

parameters including linear adjustment rate, the load regulation rate and the output rip-

ple noise voltage percentage can meet well with the accurate nuclear measurements for 

air kerma meter. 

2. Basic Circuit Principle 

The indicators of high-voltage power supply are closely related to circuit topology 

and design, and the ripple and noise are of particular importance as they restrain the limits 

of detector measurement, and the power supply topology largely determines the size of 

the ripple and noise [12]. The output current of the high-voltage power supply for air 

kerma meters is generally less than 10 mA, and its applicable topological structures are 

the flyback converters and the Royer converter. 

2.1. Circuit Principle of Flyback Converter 

The basic circuit of a flyback converter shown in Fig. 1 operates as follows: when Q1 

is conducting, rectifier diode D1 is subject to reverse cut-off, and output capacitor C1 sup-

plies power to load R1. Transformer T1 is equivalent to a pure inductor, Vin is added to 

both ends, and the current flowing through transformer primary winding Np rises line-

arly to a peak of I max. When Q1 is turned off, the voltage of transformer secondary wind-

ing Ns is reversed, and the reverse voltage causes the rectifier diode to enter the conduct-

ing state, while all or part of the energy stored in the primary winding
�

�
������

� is trans-

ferred to the secondary winding to provide load current and charge  output capacitor 

C1[13],[14]. 

 

Figure 1. Basic circuit block diagram of flyback converter. 

The flyback converter output is not connected to a filter inductor and does not require 

a high-voltage freewheel diode, giving this topology great advantages in high-voltage 

output. However, the large secondary peak current at the instant that the switch tube is 

turned off can cause serious RFI problems and high output noise[15]-[17]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 December 2022                   doi:10.20944/preprints202212.0553.v1

https://doi.org/10.20944/preprints202212.0553.v1


 

 

 

2.2. Circuit Principle of Royer Converter 

The basic circuit of a Royer converter, as shown in Fig. 2, is mainly composed of a 

pair of push-pull Negative-Positive-Negative (NPN) triodes, multi-winding transformer, 

rectifier diode, filter capacitor, etc., forming a self-excited oscillating push-pull circuit. It 

basically operates as follows: turned-on Vin is applied to the bases of the two NPN triodes 

through current limiting resistor R1, winding Nb1 and winding Nb2 respectively. Since 

the parameters of the two triodes are not identical, one of them will conduct first. If triode 

Q1 conducts first, the magnitude and direction of the transformer flux are determined by 

the current flowing through collector Q1, and the change in flux will cause an induced 

electromotive force on the feedback winding that decreases the Vq2 level and increases 

the Vq1 level. The interaction between the change in flux and the induced electromotive 

force causes triode Q1 to be subject to saturation conduction and transistor Q2 to be sub-

ject to cutoff. At this point, the flux reaches its maximum, and the induced electromotive 

force, which is proportional to the change rate of the flux, is zero. The disappearance of 

the induced electromotive force on the feedback winding causes the Vq1 level to drop 

with the collector current, and the change rate of the current and flux to reverse, leading 

to the reversal of the induced electromotive force on the feedback winding, the rise of the 

Vq2 level and the fall of the Vq1 level. The interaction between the change in flux and the 

induced electromotive force causes triode Q2 to be subject to saturation conduction and 

transistor Q1 to be subject to cutoff. The above two processes are repeated in cycles, re-

sulting in self-excited oscillations [18]. 

Np1 

Np2
Ns1

Ns2 Nb1

Nb2 

Vq2Vq1

Vs1 

Vs2

Vp1 

Vp2 

Vin 

Vout

D2 

R2 

C1 

C2 

D1 T1

R1 

Q1 Q2 

 

Figure 2. Basic circuit block diagram of Royer converter. 

The oscillogram of the basic circuit of a Royer converter is shown in Fig. 3, which 

shows that the positive feedback oscillation from the collector winding to the base wind-

ing forms an Alternating Current (AC) square wave: 

Vq1

Vq2

Vp1

Vp2
 

Figure 3. Oscillogram of Royer converter. 
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The basic circuit of a Royer converter has no feedback control loop. The switch wave-

form is AC square wave, and there is a large current spike at the moment of transistor 

cutoff that greatly increases the power consumption of the transistor. The simultaneous 

existence of high voltage and large current may cause the operating point of the transistor 

to fail by easily spiking out of the safe operating region. The high-voltage power supply 

used in air kerma meters should be stable and reliable, so functional circuits can be added 

to the basic Royer converter circuit and modified to meet the requirements of desired ap-

plications. Adding an output feedback loop and oscillation control circuit can stabilize the 

output voltage; We can reduce the output noise by changing the square wave oscillation 

to sine wave oscillation ; and decrease the required transformer size by adjusting the out-

put full bridge rectifier circuit to a voltage doubling rectifier circuit.  

3. Design of Royer Resonant Circuit 

The basic circuit of a Royer converter can be turned into a Royer resonant circuit by 

adding resonant capacitor C1. In addition, the transformer can be simplified, the center 

tap of the base control winding can be removed to provide bias voltage at one end of the 

winding, and the center tap of the high-voltage output winding can also be removed. The 

presence of the resonant capacitor causes the oscillating circuit to be subject to simple har-

monic oscillation at a specific frequency. Frequency f of the oscillation is related to the 

value of primary inductance L and resonant capacitance C of the transformer coil by the 

following equation: 

                              (1) 

According to the above equation, the Royer resonant circuit generates oscillations at 

a fixed resonant frequency f. If the oscillation amplitude does not exceed the withstand 

voltage of the triodes, a standard sine-wave oscillation will be generated, achieving the 

reduction of output noise [19]. 

Royer voltage control is designed as auxiliary winding current control, as shown in 

Fig. 4. It uses a closed-loop negative feedback regulation to control, the emitter or base 

current of the two push-pull triodes through an error amplifier circuit composed of an 

operational amplifier, thereby achieving a stable output by controlling the current of the 

primary or auxiliary winding. 

 

Figure 4. Current control circuit of auxiliary winding. 

The secondary winding of transformer T1 outputs Direct Current (DC) high voltage 

through the rectifier circuit, then divides the voltage through resistors R2 and R3 to obtain 

sampling voltage and control voltage Vc. The triode base stage current is regulated 

through the error amplifier circuit. After stabilization by closed-loop negative feedback 

regulation, output high voltage Hv and control voltage Vc should be subject to the follow-

ing equations: 

                             (2) 
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                             (3) 

Equation 3 shows that the output high voltage and control voltage are theoretically 

proportional, and the specific proportion is determined by sampling resistors R2 and R3, 

but the actual conditions are affected by transformer core saturation. If the control voltage 

is too high, the output high voltage of the transformer secondary side will be saturated 

and the output high voltage will remain the same instead of increasing. Closed-loop neg-

ative feedback regulation can only be achieved if the control voltage drops back within 

the range in which the transformer core is not saturated. 

In the actual circuit, since sampling resistors R2 and R3 are subject to high voltage, 

the withstand voltage of a single resistor usually fails to meet the actual demand. Gener-

ally, multiple resistors in a series are used for voltage division to ensure that the voltage 

of each sampling resistor is within the withstand voltage range. In order to increase the 

maximum output voltage, the core material and size of the transformer can be changed. 

However, this will increase the size of the circuit board. A voltage doubling rectifier circuit 

for a diode can also be used to maintain higher output voltage for a smaller circuit board. 

4. Test Results 

This section provides a concise and precise description of the experimental results, 

their interpretation, as well as the experimental conclusions that can be drawn. 

4.1. Simulation Test Results 

4.1.1. Circuit Simulation Test of Flyback Converter 

We built the circuit of a flyback converter using the Simulation Program with Inte-

grated Circuit Emphasis (SPICE). The noise of the output high voltage from the flyback 

converter and the switching signal of the Metal-Oxide-Semiconductor (MOS) tube are ob-

served through two oscilloscope channels, where the observed noise is turned to the AC 

gear of the oscilloscope. The pulse duty cycle of Pulse Width Modulation (PWM) and the 

turn ratio of the transformer are adjusted to maintain the output voltage at 300 V. The 

waveform obtained when the output value is stabilized after 1 ms is shown in shown in 

Fig. 5. 

 

Figure 5. Simulation waveform of flyback converter. 

The simulated waveform shows that the output of the flyback converter is severely 

disturbed at the instant of the MOS tube  opening and closing. A pulse with an amplitude 

of 3.102 V is measured by the oscilloscope of the simulation program to follow the cycle 

of the switching signal, and the peak-to-peak value of noise at 300 V output is 3.526 V. 

This indicates that although the structure of the flyback converter is simple, the output 

noise is very high and will cause a great interference to the measurement results of air 

kerma meters. As such,  is not used  as the high-voltage power supply in this study.  
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4.1.2. Simulation Test of Royer Resonant Circuit 

The SPICE simulation program is also used to build a Royer concircuit as shown in 

Figure 4, in which the rectifier circuit is subject to a voltage doubling rectifier which trans-

forms the sinusoidal AC from the transformer into DC through voltage doubling and rec-

tification. The closed-loop control of the output high voltage can be achieved by varying 

the control voltage of the error amplifier, wherein sampling resistors R2 and R3 are taken 

to be 32 MΩ and 100 kΩ, respectively, and the control voltage is 0.3125 V. According to 

Equation 3, the theoretical value of the output high voltage is 100.3125 V. 

Oscilloscope channels A and B in the simulation program are connected to the output 

high voltage and base voltage of the triodes, respectively, and the waveform obtained by 

shifting the Y-axis data of the output high voltage by -300 V for easy observation is shown 

in Fig. 6. In the simulation, the triodes oscillate rapidly and then stop oscillating when the 

baseline drops to 0. The output high voltage correspondingly rises to its highest point, 

then begins to fall after the triodes stop oscillating. When the output high voltage falls to 

near the set value, the triode base starts to oscillate again and generates stable oscillations 

0.5 s after the start of the simulation, and the output high voltage is maintained and enters 

a stabilized state. 

 

Figure 6. Simulated waveform of Royer resonant circuit. 

After the Royer resonant circuit enters the stabilized state, the waveform is selected 

and amplified to obtain the waveform shown in Fig. 7. It is indicated that the Royer reso-

nant circuit is regulated by closed-loop negative feedback and two triodes can generate 

stable sinusoidal oscillations after the system is stabilized. The oscillation period meas-

ured by the oscilloscope of the simulation program is 10.968 μs, with a frequency of 91.174 

kHz. The output high voltage in the stabilized state is 100.282 V which differs very little 

from the theoretically calculated value. The output high voltage waveform of the simu-

lated Royer resonant circuit is smooth and subject to less noise, making it suitable for the 

high-voltage power supply of air kerma meters. 

 

Figure 7. Simulated waveform in stabilized state. 
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4.2. Performance Test Results 

We carry out performance tests in order to evaluate the performance of the developed 

high-voltage power supply. The tested performance factors include output voltage line-

arity, linear regulation rate, load regulation rate and output ripple and noise, and the test 

results and discussions are as follows. 

4.2.1. Output Voltage Linearity 

The high-voltage power supply is developed and designed to regulate voltage Vadj 

within the range of 0 to 2.5 V, and the output high voltage is linear and continuously 

adjustable within the range of 0 to 400 V. The output high voltage is measured by varying 

the regulating voltage in a step of 0.05 V under the input voltage Vin = 12 V and no-load 

conditions. The output voltage linearity of the high-voltage power supply is obtained as 

shown in Fig. 8, and R² in the correlation curve is equal to 1. This indicates that the output 

voltage of the high-voltage power supply shows a good linear relationship with the reg-

ulating voltage within the designed operating range. 

 

 

Figure 8. Correlation curve between output high voltage and regulating voltage for high-voltage 

power supply. 

4.2.2. Linear Regulation Rate 

Input voltage Vin of the high-voltage power supply proposed herein is designed to 

operate within the range of 9.6 V-14.4 V. With a regulating voltage of 2.5 V and a load of 

400 kΩ, the output high voltage is measured for any large changes by varying the input 

voltage in a step of 0.2 V. The correlation curve between the output high voltage and input 

voltage for the high-voltage power supply is shown in Fig. 9. The output high voltage 

varies by 0.01 V within an input voltage range of 9.6 V -14.4 V with a linear regulation rate 

of no more than ±0.0025%. 
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Figure 9. Correlation curve between output high voltage and input voltage for high-voltage power 

supply. 

4.2.3. Load Regulation Rate 

The load regulation rate indicates the extent to which the output high voltage of the 

high-voltage power supply changes as the load changes. The load of the high voltage 

power supply is designed to be not less than 400 kΩ, and the output high voltage should 

vary less over the operating range. If the regulating voltage is 2.5 V and the input voltage 

is 12 V, the output high voltage is measured by varying the load of the high-voltage power 

supply to generate the correlation curve between the output high voltage and the load for 

the high-voltage power supply, as shown in Fig. 10, and the load regulation rate is less 

than ±0.1% within a the load range of 400 kΩ-4,000 kΩ. 

 

Figure 10. Correlation curve between output high voltage and load for high-voltage power sup-

ply . 

4.2.4. Output Ripple and Noise 

The output ripple and noise of high-voltage power supply restrains the limits of de-

tector measurement, making them particularly important for air kerma meters. With an 

input voltage of 12 V, regulating voltage of 2.5 V, output high voltage of 400 V and no-

load conditions, the output ripple and noise waveform of the high-voltage power supply 

is measured with the high voltage-resistant oscilloscope probe, as shown in Fig. 11. It can 

be calculated that the voltage percentage of ripple and noise is less than 0.01%, which 

meets the design requirements. 

 

Figure 11. Output ripple and noise waveform of high-voltage power supply. 

5. Conclusions 

The flyback converter has a simple structure and uncomplicated circuit, and is widely 

used for switching power supplies, but the results of the SPICE simulation test shows that 

although the output voltage of the flyback converter enters a stabilized state quickly, the 
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opening and closing signals of the switch tube disturb the converter and cause it to gen-

erate excessive noise. Therefore, the flyback converter is not suitable for use as the high-

voltage power supply of air kerma meters. The Royer converter effectively reduces noise 

by amplifying the stable sinusoidal AC signal from the self-excited push-pull through the 

transformer, then passing the signal through the rectifier circuit. The closed-loop negative 

feedback regulation circuit is linearly controlled and, which can achieve the stable control 

of the output voltage. An adjustable high-voltage power supply is designed according to 

the principles of the Royer converter, and the  Royer resonant circuit is tested by the 

SPICE simulation program, showing that although its output voltage takes longer to enter 

the stabilized state, the output high-voltage waveform is smooth and subject to less noise 

after stabilizing. Actual performance tests indicate that the output voltage linearity, linear 

regulation rate, load regulation rate, output ripple and noise, and other indexes of the 

developed adjustable high-voltage power supply meet the requirements and are suitable 

for air kerma meters. 
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