Need to add mounting holes - done
Need to add BT/WPS button?

Trace widths
1oz copper 
High current AC path up to 16A. 
400mil width allows for 16.5°C temperature rise which is acceptable but will aim for 500mil.
Two side of 200 or 250mil track is not possible due to distance between pads of terminal blocks and triac, and proximity of components. 
To achieve desired current capacity: 125mil track on top layer, 125m fill on bottom layer. Bottom layer fill will have solder mask removed to allow for solder to be added. Have made this loop as tight as possible which will make adding solder easily as essentially will be soldering legs together. All components are through hole except for the fuse holders, where I have added a through hole pad on top of the smd pad. 
PCB cutouts added around the legs of the terminal blocks to further increase creepage distance, and pads slightly reduced in size as these were a problem area. Possibly should have gone with 7.62mm pitch terminals.

Low current AC path. 
Pump up to 65W (ours is only 25W) is only 0.3A. AC/DC converter max input current is 0.75A. Current through triac driver is negligible (60mA). Allowing for 2 amps gives 30mil trace width, have gone with 50mil for all other AC traces as there is room and looks tidy. 

DC
Max output of AC/DC converter is 8A. minimum trace width 150mil, so 200mil.
ESP32 up to 1.1A, can get away with 10mil track. 30mil.
Relays are 106mA each so negligible. 30mil.
Each servo has a stall current up to 2.5A. 50mil. Or 200mil if using bus.

Signal traces 10mil.



Track Clearances

Signal 10mil. DC traces 20mil.



12/08/21

Is DC GND via next to D1 creating ground loop?

Questions/notes from 11/08/21
high current AC - Track on top fill on bottom. 125 mil or 3mm each side. 70mil clearance 1.7mm.
AC Ground polygon fill? Does this need to be able to carry the full current (track width), and does the same clearance rule apply. 
Even though most traces are on the top, a lot of components are through hole so the ground plane is very broken up with clearance around each pad.

pcb cutout between tracks at the terminals to increase creepage?

SMD resistors on AC side? Pad clearance too small?

seperation between AC side and DC - currently about 5mm under the triac driver. Cutout? move to other side of board?

AC earth ground plane and DC ground plane, do i connect these? through caps?

If i have a DC ground plane do i still need to run ground traces or just connect to the plane. 

Should i have a +5v plane on top?

track width high current ac 1oz copper

Result:
Don't bother with ground fill on AC side. 
Don't tie mounting holes to any net and use nylon standoffs.
AC Earth has the same track width and clearance rules as + and -.
If routing AC Earth is not possible, pads and soldered jumper wire is an option.
Use pcb cutouts between close tracks for the high current side where applicable (terminal blocks) to increase creepage distance.

Board is actually 1oz copper so need to redo track width calculations, will be doubled current values.

Ideally about 10mm seperation between AC and DC sides, this would be determined by the triac driver. Use double yellow lines to delineate.

DC ground plane is all good, can also poly fill the top with ground, don't use +5v plane. Run ground traces but poly fill over same net to ensure track width rules.



General notes and timeline
09/08 research high voltage requirements for pcb - ipc-2221, IEC-60950-1. pcb line track spacing and track size. trace width of 200mil l (roughly 5mm) external allows for a 16.5 ° temp rise. double side track of 125mil would give 250mil total. 

The trace width is calculated as follows:

First, the Area is calculated:

Area[mils^2] = (Current[Amps]/(k*(Temp_Rise[deg. C])^b))^(1/c)

Then, the Width is calculated:

Width[mils] = Area[mils^2]/(Thickness[oz]*1.378[mils/oz])

For IPC-2221 internal layers: k = 0.024, b = 0.44, c = 0.725

where k, b, and c are constants resulting from curve fitting to the IPC-2221 curves

mains connector pads are currently about 45mil apart, on the low end might change pad size to 125mil to give 70mil.

3W rule not needed, crosstalk not applicable for power.

325v is peak, 60950-1 table 5b, 330vpeak = 1435v rms test voltage. 1435* sqrt 2 = 2029vpeak. 40mil/v rule = 2029/40 = 50.7mil track width.

65mil track spacing.

secondary AC, up to 65W pump at 240V is 0.27 amp, size track for 1amp. DC reg input is 0.75A, size for 1amp also

1amp track width about 5mil, keep as 10mil. coudl go 20 because room


10/08 pcb design, research emi requirements. seperate DC and AC circuits, join grounds? AC earth ground plane? Dc Ground plane? reassign esp32 pins, which ones to use for gpio.

R5 can't be surface mount? can't get AC isolation width. same for R6

11/08 pcb queries discussed with Achala, see note in teams. AC High current track width to be 500mil as only 1oz copper for board.

high current tracks bottom fill exposed for soldering


14/08/21
add BT/WPS button to pcb. Look at which pins pn ESP32 are high during boot. pin 14 going to be a problem as this will turn the heater on during boot. Heater/pump pins changed.
 
16/08/21 rerouting pcb pins based on esp32 boot state. pwm outputs need to be swapped to other pins. valves may have pwm at boot so possibly move but not an issue. valve 4 moved from pin 0 to pin2
