I hurt my back early in wrestling season of my senior year in high school, so I spent a lot of time in the training room on the STIM machine (muscle stimulator).   It seemed to help, so I became interested in the theory.  Many different waveforms are used, including Russian, TENS, interferential, Premodulated, and Hi Volt, and EMS.  Some of the simpler waveforms can be created with a 555 timer, as on commercially available portable units, but I wanted all of the flexibility of the trainer’s big and expensive machine.

I run an MSP430 at 8MHz and create a PWM output at 170 kHz to drive 7 half bridge, 4 of which act as class-d amplifiers, and one of which drives a custom pulse transformer.
To create the most complex high  voltage 'interferential' waveform, I need to cycle through the loop at 170 kHz, allowing the 4khz sine waves to be amplitude modulated by beating  two outputs at a variable 1-100 Hz.  I haven't bothered to hook up a serial line or LCD, but use LEDs and buttons for I/O.

The MSP430 enabled an inexpensive STIM which is more flexible than even the Trainer's.  The links show some video in operation, the layout and the code.

* Runs on a single rechargable NiMH PP3 9v battery for over 30 min at max power, much longer when using lower power waveforms (square waves)

* Calculated run time exceeds 4 hours at max power when packed with lithium

* Single MSP430F149 running at 8MHz

* 7 half bridges for driving 4 independent channels

* powerful 0-100v buck boost power supply

* 6 different operating modes


Premodulated:



0-50ma RMS into 1kohm load



4KHz true sine wave



1-400hz beat frequency


Interferential



0-50ma RMS per channel into 1kohm load



4KHz true sine wave



1-400hz beat frequency


Russian



1 or 2 channels



0-50ma RMS per channel into 1kohm load



2.5KHz true sine wave



20-100Hz Pulse Repetition Frequency



10-50% duty cycle


TENS



0-100V



50-300uS pulse width



1-150Hz PRF



Biphasic


EMS



0-100V



200-500uS pulse width



1-150Hz PRF



Biphasic


Hi volt



0-500V



2-100hz PRF



5uS Pulse Width



Twin peaks spaced 100uS

* utilizes 12 bit ADC to control Buck-Boost Converter

* Runs Buck-Boost Converter and 4 half bridges by Timer B

* 170khz switching frequency
* Updates pulse width at 170khz- only 23 clock cycles between PWM updates
