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 This paper describes design considerations of the High voltage (HV) module with 

low ripple and good stability in order to improve the efficiency of nuclear imaging 

systems consist of Single Photon Emission Computed Tomography (SPECT). In 

the design of the current HV module, push-pull topology is preferred, due to the 

fact; it has a better efficiency in comparison with other technologies. The module 

receives a positive continuous voltage about 5-8 V as input, and provides a 

programmable positive or negative continuous voltage from 800-2500 V as output 

for a total load of 200-KΩ. The ripple of the output voltage is 10 mV that it is 

measured by laboratory equipment’s and safe high voltage (SHV) probe. The 

measured output power in the designed module is 25 W. Experiment results show 

that minimum efficiency at full load is around 65%. The proposed HV module 

shows a good stability, low ripple (noise), fast rise time. So, it can be used in 

SPECT or gamma camera imaging system to provide the constant voltage for 

PMTS. 

 

Keywords: 

High Voltage, Stability,  

Efficiency, SPECT Systems, 

Voltage Ripple 

 

 

1. INTRODUCTION 

 An essential part of the many nuclear imaging system is switching high voltage power supply (SHVPS) [5] that 

widely used in medicine, spectroscopy and pulse-power applications [1-2,3]. It is well known that having a high 

voltage with minimum ripple for supplying Photo Multiplier Tubes (PMTs) in Gamma camera systems is mandatory 

[7]. The ripple of applied voltage can influence image quality and lead to blur the reconstructed image [6]. In this 

study, a high voltage module with a voltage range from 800 to 2500 V at a 200-KΩ load with low ripple and fast 

rise time has been designed and constructed.  

The magnitude of output ripple is proportional to load current. To achieve maximum Signal to Noise Ratio (SNR), 

output voltage ripple is less than 10 mV. It should be noted that, the designer must guarantee the stability of system 

during start up, the control unit is equipped with soft start up method, this methodology is a good choice when the 

stability and robustness of the system are important issues [4].  
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2. MATERIALS AND METHODS 

2.1.   PMT Gain and High Voltage Ripple 

    Increasing high voltage increases the kinetic energy of electrons impacting dynode  increases amplification 

factor d according to Eq. (1) 

 

𝑑 ≅ eV   (1) 

gi = δi ∗ ni (2) 

M=∏ giN
i=1  (3) 

  

Where gi is gain of dynode i, δi is secondary emission factor of dynode i, ni is collection efficiency of dynode i, N 

is the total number of the stage and M is a total gain of the multiplier [7]. For example, if g factor per dynode be 2 

times and total number of stages be 10, the total gain of multiplier is: 

 

M=210 ≈ 1000                                                                      (4) 

 

 This means that any fluctuation in applied voltage changes the gain by the amplification factor nearby 1000 (see 

Eq. (4)). Figure.1 illustrates this issue. 

 

 
 

Fig. 1. Voltage-divider high-tension supply with Zener diode for improved linearity [7] 

 

2.2. Circuit Description 

For proper analysis in this study, the software’s PROTEUS, MULTISIM, and MATLAB were used. The 

switching high voltage power supply (SHVPS) receives an input signal of the type 5-8 V DC, which the timer circuit 

afterwards shapes as pulses. The frequency and duty cycle are chosen to promote effective switching operation. The 

two input pins of the comparators are passed the output of the pulse width modulation (PWM) circuit. The four 

voltage comparators will produce two distinct output signals that are mirror images of one another. A signal is 

transmitted to each switching device individually. BJTs are used as a source of high current in order to drive the 

DBPT into switching in a very short amount of time. A general transformer performs the crucial task of converting 

the DC signal from the switching device into an AC signal. For the purpose of power conversion, matching frequency 

and duty cycle must be established for push-pull transformers in common usage. 3000 VAC is generated during this 
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step up transformer operation. The rectifier circuit is then supplied with the AC signal. By adding diodes to a network 

and using an RC filter to eliminate ripple, the circuit is capable of converting AC electrical power from the 

transformer to a DC voltage. The output end of the power supply is connected in series with the feedback pin of the 

comparators by a feedback circuit made consisting of resistors. It generates the desired system response by 

monitoring the output and comparing it to a chosen reference voltage to provide negative feedback. Therefore, by 

altering the reference voltage, any required output voltage may be set manually or electronically. Figure.2 and 3 

shows the schematic of power supply by MULTISIM 12.0 and MATLAB R2010 software’s. 

 

 
 

Fig. 2. Schematic of power supply by MULTISIM 12.0 

 

 

 
 

Fig. 3. Schematic of designed power supply by MATLAB R2010 
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3. RESULTS 

3.1. Ripple Reduction  

The SHVPS is created and constructed in accordance with the previously given standards, and simulation and 

experimentation are used to evaluate its performance. About 31 kHz is the SHVPS's nominal frequency, which is 

attained at 50% duty cycle. The values of the components, such as a capacitive filter (CO), transformer turn ratio (n) 

and maximum current at full load (IL) are  CO = 150 nF, n = 400, IO = 10 mA.  

The input pulses to trigger the transformer is shown in Fig.4 and 5, Fig.6 also presents experimental and simulated 

waveforms of outputs that are without and with filter capacitors, respectively.  High voltage, low current of 10 mA, 

and a maximum power of 25 W were all produced by the power supply. This established low ripple about 10 mV 

(Figure.7) As soon as change in output voltage response due to load changing, feedback unit senses the difference 

of between sensed voltage and referenced voltage and apply it to PI controller then a controlled voltage send to the 

PWM unit to drive the power transistors. Fig.8 shows the transient response of SHVPS under close loop condition 

for step and impulse inputs, this Figure presents the stability analysis of SHVPS too, for overcome to instability 

problem added extra pole in pole-zero graph by PI controller (Fig.8). 

From the simulated waveforms, it can be found that under closed loop condition the SHVPS should operate 

ideally. Comparison of controlling signal with output voltage that they are attained through simulation and 

experiment is shown in Fig.9.  

 

Fig.4. Input pulses for power transistor 

 

  

 
 

Fig.5. Rectified output voltage without filter and feedback unit 
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Fig.6. Rectified output voltage in software analysis.     

 

 
 

Fig.7. DC voltage of 2 KV produced by the power supply 

 
Fig.  8.  Close loop response analysis by MATLAB R2010. 
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Fig.  9. Control to output characteristic. 

3.2.  Temperature Test  

The power supply voltage can work at different temperatures to maintain a good level. This matter is important 

due to it able to work in the different situation, different installation locations and exist of adjacent devices that can 

degrade the performance of SHVPS. Thermal stability of supply will be determined by a number called the Output 

temperature coefficient. Temperature test is very important because of it can show the changes of output voltage and 

efficiency of module in proportional to the temperature changes. Table 1 shows the measured data for this test. In 

Fig.10 and Fig.11 show temperature test results for proposed module, too. 

Table 1. The resulting of accomplished temperature test on the module. 

 

 
Fig. 10.  Changing of Output voltage Vs. Temperature. 

 

65 60 55 50 45 40 35 25 Temperature (°C) 

647 675 698 700 723 829 934   1000 (V)OUT V 
43 45 46 47 48 62 63 67 Efficiency (%) 
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Fig. 11. Changing of Efficiency Vs. Temperature. 

3.3.  Voltage Stability 

It is very important that output voltage of power supply be constant (acceptable) against of the changes the output 

load. Constant the output voltage of power supply with output current changes called the load regulation. It means 

that the power supply under various loads (from 10% to 100%), has the constant output voltage. For power supplies 

with a good line regulation, the error rate is less than ±% 0.5. As the impedance of photo multiplier tube that used 

here is 200 kΩ approximately, the output voltage changes performed with software analysis in 10%, 50% and 100% 

of the output load and with initial voltage of 1000 V that have been shown in figure 12, figure 13 and figure 14. 

 
 

Fig. 12. Output voltage changes at 10% of nominal load 
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Fig. 13. Output voltage changes at 50% of nominal load. 

 

 

 
  

Fig. 14. Output voltage changes at 100% of nominal load. 

 

 

Table 2. Comparison between fabricated SHVPS and C11323 model of Hamamatsu. 

  

 

 

 

 

 

 

4. DISCUSSION AND CONCLUSION  

The control circuit for this SHVPS is selected under various line, pulse load condition and fast rise time response. 

The rise time is found about 35 ms and line regulation is less than 0.2. As the SHVPS is switched at half the pulse 

load frequency under HV, transformer insulation must be safe from failure, so is used from NOMEX insulator. The 

efficiency of the SHVPS is greater than 65% in the guaranteed voltage range that it can be improved by digitalizing 

Parameter Proposed SHVPS Hamamatsu [7] Unit 

Voltage Input +5 - +15 +20  -  +25 V 

Current Input 1.75 1.7 A 

Guaranteed Output Voltage Range 500 - 2500 300 - 1800 V 

Ripple (Pk-Pk) 10 40     mV 

Output Voltage Control 0  -   +5 0   -   +6 V 

Output Voltage Rise Time 35 100     ms 

Line Regulation 20 5 % 

Efficiency 65 80 % 

Weight Approx.450 Approx.230 g 
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of the module. In future works, has been decided to digitalizing the SHVPS using a microcontroller. Optimizing 

work for this module occurred at <50°C and increasing in temperature led to decreasing in output voltage and 

efficiency. Specifications of proposed SHVPS and a same type (C11323 model of Hamamatsu [7]) have been shown 

in the table 2.  
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