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Abstract

Medical magnetic stimulator generates strong magnetic field pulses. Clinical applications of the magnetic pulse are the stimulation of
nervous system and the contraction of muscle. The unique source of the strong magnetic pulse is a capacitor-inductor resonator and this
inductor generates a strong sinusoidal magnetic pulse by discharging the capacitor with high initial voltage. Continuous muscle contraction
needs sequential generation of the magnetic pulses. However, to keep the magnitude of sequential pulses identical, an expensive
high-voltage power supply have to support voltage drop of the capacitor between the pulses. A protection circuit between the supply and the
resonator is necessary to protect the supply from reverse current caused by capacitor voltage reversal. In this paper, a new circuit structure
of the magnetic stimulator adopting a low-frequency fly-back switching is proposed. The new circuit supports sequential pulse generation
and allows the reverse current without damage. Performance of the new circuit is examined and a low-cost magnetic stimulator for urinary
incontinence therapy is being developed using the presented method.
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Fig. 1. A basic magnetic stimulator and its current and voltage waveforms. (a) L-C resonance mode and (b) L-R discharge mode.
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Fig. 2. (a) A magnetic stimulator circuit for continuous stimulation and (b) 1., current waveform. Tpand Tgare

pulse width and interval of the stimulation pulses, respectively. Stimulation frequency f¢ = 1 / Ts.
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Fig. 3. Results of pSpice simulation of the magnetic stimulator. (Vc(0)=100V, Li=12mH, L,=40uH, C=100uF). Broken lines and arrows in the circuits represent
current paths and directions. (a) Discharging of the C is started by SCR furn-on. C and L, forms L-C resonator loop. Sinusoidal current of L, increases to
its peak and voltage of the C decreases to zero. (b) D, is tumed on by voltage reversal of the C. Current and voltage of the L-C resonator continuous
oscillation. (c) Ds is tumed on by reversal of resonance current. {d) The curmrent and voltage oscillation is finished by SCR off.

346 | J. Biomed. Eng. Res.



BELN

~200V

£.00083
PMBAIE: BRIDG

(o) 72t 1

2. ﬂ"c_‘

e, L 6508,
200000 bl nEilE

(c) 2t I

Jeong Han Yi, Hyung Sik Kim, Moon-Chang Hur, and Jung-Hoe Kim

BEL L E3EE

Fmespiiipiiyiigeian g i3
et PG DRDTG
200M . vt onnse
7
aa

~ 300,

pAN BRDY

2. 000{!5.

h 2.90080
"AIEAES BEIDE

(b) FTt I

2. 50608 2, 50030
B Né By

(d) P2 v

38 5. M2 AP |XF=7| 2| 22| pSpice o 4 ok, 2t 718 SEH2 I8 30t S ste, E2to[YY SEHTIE 2 M 2l SIACt Vo(0)=100V, 27| A Adu] =122,

2AFAHM IHE A = 12mH, C=100uF, L=40uH.

Fig. 5. Results of pSpice simulation for the new stimulator.  Vc{0)=100V. Ni:N; = 1:2. Inductance of N> = 12mH. C=100uF. L=40uH.
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