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PWM frequency = 62.5kHz
8 bit resolution

R13, R14 discharge the capacitors
when the power plug is disconnected,
otherwise the inrush current limiter
won't work and there's a spark risk
with the larger caps

ADC notes:
Set internal Vref for the ADC to 
1.5V, as the output voltage of the 
þÿ�L�M�T�8�5� �i�s� �a�r�o�u�n�d� �1�.�4�V� �a�t� �2�0�°�C�.� �T�h�i�s� 
gives more resolution for the ADC.
The voltage divider for the input 
voltage is adjusted to the lower Vref.

C1, R11, Q3 limit the 
inrush current to 7.5A.
The gate voltage on Q1
slowly rises due to C1
charging. C1 must be
discharged on startup
for the inrush current
limiter to work.

test points for debugging

A few notes regarding power consumption:
With a cold heat plate, the current consumption is probably too high for
the DC plug and the power supply, which are both rated at 5A. To reduce
the current consumption, a PWM signal MUST be applied to the MOSFET gate
during the warmup phase. The PWM frequency must be at least 50 kHz for the
filter capacitors to work properly.
To calculate the allowed duty cycle, the user must enter the calculated 
or measured heat trace resistance before first use. With this information,
the MCU can calculate the maximum current at 100% PWM, and then calculate
the allowed duty cycle:

I_{cold} = V_{in} / R_{cold}

PWM_{max} = 4.75A / I_{cold} (0.25A as margin)

As the temperature rises, the duty cycle can be set higher.
þÿ�T�h�e� �r�e�s�i�s�t�a�n�c�e� �m�u�l�t�i�p�l�i�e�s� �b�y� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�6�3� �f�r�o�m� �2�0�°�C� �t�o� �1�8�0�°�C�.

With the calculated heat plate resistance, the results are:

R_{cold} = 1.56 Ohms
V_{in} = 12V
I_{cold} = 7.7A
PWM_{max} = 61.7%

The resistance of the hot heat plate is 2.54 Ohms, so the current flowing 
through a hot heat plate is 4.72 A, which is not overloading the PSU or 
DC plug. This means that even leaving the hot heat plate at 100% power 
will not destroy the PSU. Setting a cold heat plate to 100% power will
most likely blow the resettable fuse, and if not, the current consumption
will get to an accetable level as the heat plate heats up.

Behind this link you can simulate the power draw: 

As always, some margin should be added to all calculations, do not run this
this device at full power all the time if it is avoidable.

VCC-DIV = (Vin - 0.3) x 0.09091
12V -> 1.06V
ADC goes up to 1.5V.
MCU can detect voltage drops and
5V connected (programmer)

https://tinyurl.com/ycre2dxa

WARNING:
MOSFET gate driver is 
inverting, so PWM duty 
cycle is also inverted.

0% duty cycle 
= 100% power
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UPDI might need a serial resistor (4k7).
If this resistor is needed, it must be
included on the programmer side.
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The digital temperature sensors are optional
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