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Method: Use of tanh() hysteresis control
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Fig. 6. Schematic of the sub-circuit for the Hysteresis PWM modulator.
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Fig 2. LTspice schematic of the Pre-Charge sub-circuit
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Control Consideration:
Purpose is to construct a method that is valid for arbitrary Vacpeak, Vdc, and Rload.

1)

2)

3)

4)

I_L inductor current must follow the reference current within the hysteresis control
function. The feedback from |_L is critical here.

For Vdc output feedback, system power must be conserved. Therefore, a Vout feedback
must be used such that |_L is adjusted to increase or decrease according to Vout/Vdc.
Since ¥2*Vacpeak*l_L_peak=Vout**2/Rload via power conservation, any deviation from Vdc
must cause |_L to correct itself with a factor of the form (Vout)**2 . Using the term
(Vout/Vdc)**2*1_L to replace the I_L term in the hysteresis function would serve the
purpose of correction without changing the hysteresis switching condition. For example, if
Vout > Vdc, the current |_L would be too large and must reduce so that the term
(Vout/Vdc)**2*1_L would match the reference current. Alternatively, factor (Vdc/Vout)**2
can be used to scale |I_ref. Testing shows they result in similar circuit behavior. But since
Vout may be accidentally zero so as to blow up the factor, the former factor would be used.
The reference current used in hysteresis function must obey power conservation such that
% *Vacpeak*|_ref_preak=Vdc**2/Rload. Thus |_ref peak=2*Vdc**2/(Rload*Vacpeak).
To control the average duty cycle and frequency, inductor L can be varied. The smaller the
L, the higher the frequency (faster the charging/discharging). The higher the Vdc, the
higher the average duty cycle and the lower the frequency.
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Summary

* Using LTSpice simulator, Boost PFC and totem
Pole PFC can be designed using GaNPower
1200V GaNFET

* Circuit implementation takes feedbacks from
output voltage and inductor current in a form
easy to implement using op-amp or digitally
controlled using the tanh() function.
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