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Resistors to prevent rail going above 3.3V if every endstop,
fan, and thermistor pin is shorted to 40V at the same time.

SMD

3.3V power budget:
10mA ISO7721

25mA load resistors
150mA STM32

All other components have minimal current draw Zener required as FB recommended max is 18V.
Absolute max is 45V but adding a zener is cheap.

Discharge time to 5V UVLO is approximately 20 seconds with 24V input.

Diode required as 1ms reverse current
could raise 5V rail by 1V.

TXU0104 has absolute max of 6.5V.

These caps need to absorb energy from heater switch-off if fuse
to 24V blows and a dead short occurs on both heaters at same time.

In a worst-case scenario a dead short is applied until OCP triggers
and then is immediately removed. Assume the current reaches 60A:

þÿ�s�q�r�t�(�2�.�2�u�H�×�(�6�0�A�)�^�2�/�6�6�0�u�F�×�2�)= 5V

This should be low enough to never cause issues even if the
supply voltage is slightly higher than the allowed 24V.

Resistors to handle combined max diode leakage current.

UVLO = 8V
Vout = 4.9V
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KCL of input network ignoring ESD diode leakage and
overdriven/underdriven op-amps.

Nodes labelled in text boxes with the same styling as this one. T is
the thermistor resistance and F is the PTC fuse resistance.

import sympy as sym

A, B, X, Y, T, F, V = sym.symbols("A B X Y T F V")

eq1 = sym.Eq((A-B)/T + (A-X)/2000 + (A-V)/2000, 0)
eq2 = sym.Eq((B-A)/T + (B-F)/F + (B-Y)/2000, 0)
eq3 = sym.Eq((X-V)/39000 + X/39000 + (X-A)/2000, 0)
eq4 = sym.Eq((Y-V)/39000 + Y/39000 + (Y-B)/2000, 0)

print(sym.solve((eq1, eq2, eq3, eq4), (A, B, T, F)))

Result:
A = -2*V/39 + 43*X/39
B = -2*V/39 + 43*Y/39
T = 86000*(X - Y)/(43*V - 47*X)
F = 2000*(-2*V + 43*Y)/(45*V - 47*X - 4*Y + 78000)

Note that F is only accurate when only a single thermistor is
connected. The above can be easily modified to support finding F
when all 4 thermistors are connected if required.

X

V

V

A

B

ESD diodes must have a very low leakage current.

Op-amp substitutes should ideally:
- Be unity-gain stable.
- Have maximum of 150mV output swing from rails at 2k and þÿ�1�0�5�°�C�.
- Not exhibit phase inversion if inputs are overdriven.
- Allow for 2mA overdriven or underdriven current in to each input.
- Not have high offset voltage at high common mode voltages.

Good substitutes:
- OPAx320
- OPAx325
- OPAx328
- OPAx387
- OPAx388

Possible substitutes without enough details:
- TLVx387
- AD8605
- OPA323
- OPA322 (No explicit 2k swing spec)
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KCL of input network ignoring ESD diode leakage and
overdriven/underdriven op-amps.

Nodes labelled in text boxes with the same styling as this one. T is
the thermistor resistance and F is the PTC fuse resistance.

import sympy as sym

A, B, X, Y, T, F, V = sym.symbols("A B X Y T F V")

eq1 = sym.Eq((A-B)/T + (A-X)/2000 + (A-V)/2000, 0)
eq2 = sym.Eq((B-A)/T + (B-F)/F + (B-Y)/2000, 0)
eq3 = sym.Eq((X-V)/39000 + X/39000 + (X-A)/2000, 0)
eq4 = sym.Eq((Y-V)/39000 + Y/39000 + (Y-B)/2000, 0)

print(sym.solve((eq1, eq2, eq3, eq4), (A, B, T, F)))

Result:
A = -2*V/39 + 43*X/39
B = -2*V/39 + 43*Y/39
T = 86000*(X - Y)/(43*V - 47*X)
F = 2000*(-2*V + 43*Y)/(45*V - 47*X - 4*Y + 78000)

Note that F is only accurate when only a single thermistor is
connected. The above can be easily modified to support finding F
when all 4 thermistors are connected if required.
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Op-amp substitutes should ideally:
- Be unity-gain stable.
- Have maximum of 150mV output swing from rails at 2k and þÿ�1�0�5�°�C�.
- Not exhibit phase inversion if inputs are overdriven.
- Allow for 2mA overdriven or underdriven current in to each input.
- Not have high offset voltage at high common mode voltages.

Good substitutes:
- OPAx320
- OPAx325
- OPAx328
- OPAx387
- OPAx388

Possible substitutes without enough details:
- TLVx387
- AD8605
- OPA323
- OPA322 (No explicit 2k swing spec)
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KCL of input network ignoring ESD diode leakage and
overdriven/underdriven op-amps.

Nodes labelled in text boxes with the same styling as this one. T is
the thermistor resistance and F is the PTC fuse resistance.

import sympy as sym

A, B, X, Y, T, F, V = sym.symbols("A B X Y T F V")

eq1 = sym.Eq((A-B)/T + (A-X)/2000 + (A-V)/2000, 0)
eq2 = sym.Eq((B-A)/T + (B-F)/F + (B-Y)/2000, 0)
eq3 = sym.Eq((X-V)/39000 + X/39000 + (X-A)/2000, 0)
eq4 = sym.Eq((Y-V)/39000 + Y/39000 + (Y-B)/2000, 0)

print(sym.solve((eq1, eq2, eq3, eq4), (A, B, T, F)))

Result:
A = -2*V/39 + 43*X/39
B = -2*V/39 + 43*Y/39
T = 86000*(X - Y)/(43*V - 47*X)
F = 2000*(-2*V + 43*Y)/(45*V - 47*X - 4*Y + 78000)

Note that F is only accurate when only a single thermistor is
connected. The above can be easily modified to support finding F
when all 4 thermistors are connected if required.
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ESD diodes must have a very low leakage current.

Op-amp substitutes should ideally:
- Be unity-gain stable.
- Have maximum of 150mV output swing from rails at 2k and þÿ�1�0�5�°�C�.
- Not exhibit phase inversion if inputs are overdriven.
- Allow for 2mA overdriven or underdriven current in to each input.
- Not have high offset voltage at high common mode voltages.

Good substitutes:
- OPAx320
- OPAx325
- OPAx328
- OPAx387
- OPAx388

Possible substitutes without enough details:
- TLVx387
- AD8605
- OPA323
- OPA322 (No explicit 2k swing spec)
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KCL of input network ignoring ESD diode leakage and
overdriven/underdriven op-amps.

Nodes labelled in text boxes with the same styling as this one. T is
the thermistor resistance and F is the PTC fuse resistance.

import sympy as sym

A, B, X, Y, T, F, V = sym.symbols("A B X Y T F V")

eq1 = sym.Eq((A-B)/T + (A-X)/2000 + (A-V)/2000, 0)
eq2 = sym.Eq((B-A)/T + (B-F)/F + (B-Y)/2000, 0)
eq3 = sym.Eq((X-V)/39000 + X/39000 + (X-A)/2000, 0)
eq4 = sym.Eq((Y-V)/39000 + Y/39000 + (Y-B)/2000, 0)

print(sym.solve((eq1, eq2, eq3, eq4), (A, B, T, F)))

Result:
A = -2*V/39 + 43*X/39
B = -2*V/39 + 43*Y/39
T = 86000*(X - Y)/(43*V - 47*X)
F = 2000*(-2*V + 43*Y)/(45*V - 47*X - 4*Y + 78000)

Note that F is only accurate when only a single thermistor is
connected. The above can be easily modified to support finding F
when all 4 thermistors are connected if required.

X

V

V

A

B

ESD diodes must have a very low leakage current.

Op-amp substitutes should ideally:
- Be unity-gain stable.
- Have maximum of 150mV output swing from rails at 2k and þÿ�1�0�5�°�C�.
- Not exhibit phase inversion if inputs are overdriven.
- Allow for 2mA overdriven or underdriven current in to each input.
- Not have high offset voltage at high common mode voltages.

Good substitutes:
- OPAx320
- OPAx325
- OPAx328
- OPAx387
- OPAx388

Possible substitutes without enough details:
- TLVx387
- AD8605
- OPA323
- OPA322 (No explicit 2k swing spec)
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