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Introduction

Transcranial magnetic stimulation (TMS) is an
important tool used by researchers to study the
central and peripheral nervous systems, and by
clinicians to diagnose and treat diseases such as
depression, stroke and pain. The key advantage
of TMS Is that it iIs non-invasive, and carries
relatively few risks for test subjects, patients and
research animals. Furthermore, the choice of
specific TMS stimulation parameters (e.g. timing
of pulse sequences) can have either inhibitory or
facilitatory effects on brain networks, including
Induction of long-lasting neuroplasticity [1].

Commercially available TMS technology limits
the possibilities for novel stimulation paradigms
IN neuroscientific experiments. Many of these
limitations are inherent in the physical principles
by which particular TMS technologies operate.
Due to the large instantaneous power demand,
conventional TMS devices often use LC
oscillator circuits, which generate damped cosine
stimuli efficiently and without requiring very large
power switches, but they can produce only
restricted stimulus shape options.

Experimental results

The proposed single cell architecture (pTMS1)
was tested with a cell link voltage of VDC =1 kV
(peak-to-peak voltage 2 kV). For a 2.5 kHz
cosine stimulus, the maximum energy delivered
to the stimulation coil (D70 Remote caoll,
Magstim, UK) was measured to be 100.4 joules

[2].
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Figure 2. Measured waveforms for 2 different pTMS1 stimuli:
Voltage and current for (a) 2.5 kHz Cosine stimulus (biphasic
output)- (b) 2.5 kHz Sine stimulus (monophasic output).

The two-cell architecture (pTMS2) was tested
with a cell link voltage of VDC = 750 V (peak-to-
peak voltage 3 kV). For a 2.5 kHz cosine
stimulus, the maximum energy delivered to the
stimulation coil was measured to be 195 joules.

The achievable frequency starts at 2 kHz and
can be increased up to 5 kHz.

Desi gn According to the measured results, the
Introduced pTMS technology enables the
generation of desired stimulus waveforms in high

The rapid advance In power electronics frequency protocols (up to 1 kHz) at maximum
technology has made it possible to more stimulus output (Fig. 3).
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. : . . Figure 3. Measured novel waveforms and repetitive protocols:
5-level (pTI\/lSZ) cascaded H'b”dge Circuits In Voltage and current for (a) Double 2.5 kHz cosine stimuli where the
order to create a highly controllable AC output two pulses have a phase difference of 17 radians. (b) Triple 2.5 kHz
waveform (Fig. 1)_ cosine pulses with different phases. (¢c) Two 2.5 kHz sine pulses

with 1 ms interval, where the two pulses have a phase difference of
m radians. (d) Four 2.5 kHz cosine and sine pulses with different
phases.
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To Investigate the effect of a staircase-like
stimulus waveform (PWM pulse) on the response
and the behavior of a neuron, the Ileaky
integrate-and-fire (RC model) [2][3] and the
400 equations from the single-compartment Hodgkin-
Huxley type models [4] were utilized.The
modelling of the neural behaviour indicates that
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Figure 1. Two-cell cascaded H-bridge power converter (pTMS2). th_e m_embrane VOItage Change |n|t|ated_ by the
(a): Topology of power cell connection. (b): H-bridge structure, stimuli of the pTMS1 and the pTMS2 devices are
where N represents the cell number. (c): Output voltages of power close to the reference state although the neural

cells and total output voltage using pulse width modulation. The h TMS?2 st | : il
output pulse is a 5-level 2 kV,,, 2.5 kHz cosine-shaped equivalent response to the p stimulus IS more simiiar

modulated signal. to the defined 2.5 kHz biphasic reference (Fig 4).
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Figure 4. (a) Expected voltage changes in the membrane (AV,)
from the RC model, after exposure to the pTMS1 and the pTMS2
magnetic stimuli (time constant of the nerve membrane under
electromagnetic stimulation to be in the order of 150 us).
(b) Expected neuronal action potential from the HH model for the
biphasic stimuli generated by the pTMS1 and the pTMS2 systems
and action potential for the conventional biphasic stimuli, as a
reference signal.

Conclusion

The present work illustrates the unique
potential of the PWM method and H-bridge
Inverter topologies to imitate arbitrary magnetic
stimuli. More specifically, the implemented pTMS
devices are capable of generating more
controllable and more flexible pulse shapes and
amplitudes. The modular property of this inverter
enables the improvement of the neuromodulation
waveform by cascading H-bridges. The selected
switching patterns allow maximum recovery of
the energy delivered to the coil, which enables
the generation of rapid repetitive protocols.

Future extensions of this versatile PTMS
device to apply new modulation paradigms might
ald new treatments of psychiatric and
neurological diseases.

References

[1] D. Blumberger, F. Vila-Rodriguez, K. Thorpe and K. Feffer,
"Effectiveness of theta burst versus high-frequency repetitive
transcranial magnetic stimulation in patients with depression
(THREE-D): a randomised non-inferiority trial,"” The Lancet, vol.
391, no. 10131, pp. 1683-1692, APRIL 2018.

[2] Memarian Sorkhabi, et al.,” Programmable Transcranial
Magnetic Stimulation- A Modulation Approach for the Generation
of Controllable Magnetic Stimuli”, IEEE Tran. On Biomedical
Eng., 2020.

[3] Gerstner, Wulfram; et al.,” Neuronal Dynamics: From single
neurons to networks and models of cognition™ Cambridge
University Press, 2014.

[4] M. Pospischil, M. Toledo-Rodriguez, C. Monier, Z. Piwkowska,
T. Bal, Y. Frégnac, H. Markram and A. Destexhe, "Minimal
Hodgkin—Huxley type models for different classes of cortical and
thalamic neurons," Biological Cybernetics, vol. 99, p. 427-441,
2008.



