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A new power supply design for radio-frequency hyperthermia
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Abstract: Objective The current high- power capacitive radio- frequency (RF) hyperthermia apparatus needs to adjust the
parameters of reactance element based on patient's physical structure and environmental temperature to realize output circuit
impedance matching, achieving the best heating efficiency. The adjustment is inconvenient, easily decreasing the reliability of
apparatus. A new RF power supply based on micro control unit (MCU) and direct digital frequency synthesis (DDS)
technology is designed in this paper. Methods RF signals were generated by the DDS chip, and the output circuit was at
resonance amplifying state. MCU system continuously monitored the amplitude of RF output voltage. When the changes of
circuit impedance leaded to the detuning of resonant circuit or output impedance mismatch, the amplitude of RF output voltage
would dramatically decreased. At this moment, MCU would control DDS to change the frequency of the input signal of
amplification circuit by sweep frequency. And then, a new resonance would be established on another frequency to control the
stability of output RF voltage amplitude. Finally, the theoretical calculation combined with circuit simulation was applied to
verify the new design. Results With the reference value of initial resonance parameters, when the capacitance parameter of
external circuit changed within 5 pF, the changes of output voltage was about 20%. However, if the frequency change of the
DDS output signal was individually adjusted from f,-1.33 MHz to fo+1.17 MHz, the variation range of output voltage could be
up to 18%. The output voltage fluctuations caused by the change of external circuit parameters could be eliminated by adjusting the
frequency of DDS output signals in real time, and the amplitude variation of output voltage during the hyperthermia would not
exceed 2% of its initial value. Conclusion When the load or circuit parameter of RF hyperthermia apparatus changes, MCU
will automatically adjust the frequency of DDS output signal to keep the amplitude stability of RF output voltage.

Key words: radio- frequency hyperthermia; direct digital frequency synthesis technology; radio- frequency power supply;
resonant amplification
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Fig.1 Schematic diagram
Note: MCU: Micro control unit; DDS: Direct digital frequency
synthesis; LPF: Low passed filter; RF: Radio-frequency
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characteristic simulation curves
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Tab.1 Simulation parameters

CEP UN)  Un(V)  f(MHD  AGKF  Af (MHD
50 252 312 41.85 -5 1.17
51 269 312 41.80 -4 112
52 285 315 41.40 -3 0.72
53 298 310 41.02 -2 0.34
54 307 308 40.80 -1 0.12
55 311 311 40.68 0 0.00
56 307 313 40.25 1 -0.43
57 298 313 40.05 2 -0.63
58 284 313 39.85 3 -0.83
59 267 309 39.60 4 -1.08
60 249 305 39.35 5 -1.33
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