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+3.3V
U4
. 78L05G-AB3-R
B PLDS > beoc —» sv
1.2 -> -> —->
2. VBUS —> D5 —> 5V sSIN ouTHx

Cc22

I 2u2, 6.3V

GND
u7
CJa31

GND

RP2040 datasheets suggests a regulated
reference voltage and the price is
reasonable so why not.

2.5x(1+2.2e3/10e3)+2.2e3x1e-6 = 3.0522
We have at most 1% accuracy because of Vref.

We have 1% error for 150 uA through 200R, i.e. plus 0.03 V.

Current consumption is 1.5 mA. Cut jumper to
avoid that consumption.

Option 1 will win if we have both.
Option 2 won’t provide full 5V and
our main functions need 24V (e.g.
the heaters). It should be enough
for programming the MCU and some
debugging.

D4 is necessary to protect an LDO
if VBUS is connected without 24V
with empty CB (or if fuse on 24V is
tripped). We might not need it for
the DCDC but it should be safer to
keep it in. The downside is that

we will charge C8 from USB.

H—[ +24V
£ O
<0

*2{GND

SOT-89 can only handle 18 mA @ 24V
due to power limit of package.

We usually won't need mare than

maybe 80 mA but we need up to 400 mA
if MCU is under heavy load (90 mA)

and we are driving a shorted bus (250 mA).

Current consumption will be much lower in
the normal case (with LEDs turned off, not

sending most of the time, MCU not doing
much). | would expect more like 30 mA.

TP25
24V

- 470uF, 80V, VKMI1701K471MV
+ VBUS GNDPWR
GNDPWR
o PWR_FLAG PWR_FLAG U5 3.3V
o] D4 T :
0o 55210 P24 AMS1117-3.3
o QO SSZiO T f P27
VCC vecc o o VI ) 3.3V
. L. Lz
[=] =z
Z+5v — c17 Cl4
P22 u2 16V 100n 2u2, 6.3V
GND
L2 |
LDO replaced by DCDC, which doesn’t Q U GND GND GND GND GND
fit on the board so we need another -‘DCDC board P23
board. Very annoying! GND
PWR_FLAG
J6 PWR_FLAG
E MountingHole_Pad NT4:
J7
x1F] GND  GNDPWR

J6 and J7 are only mechanical, GNDPWR
for mounting DCDC board
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GND
DIGOUTZ. 5V~ Y 13|

__Lﬁ_b GND

i 5V_EXT

connect WS2811_IN and DIGOUT1_5V

for first device

ANALOG_IN1_EXT

P28
AN_TVS

voltage divider:
10V -> 2.5V

uL ] 30V, SDV1608H300C100NPTF

GNDPWR
+24V

RV2

uL ] 30V, SDV1608H300C100NPTF

PWR_FLAG GNDPWR
<

F3
A72-185, 1.85A, 72V

+24V

DNP / OR

1 | | 3 | 4
[= [=
" U9 S°srvos-4 u13 S srvos-4
Conn_02x13_Counter_Clockwise TP37
WS2811_OUT_EXT___1 ——26 WS2BL1_INEXT  jcp pup 5% [ x2 QUSE_D- 5% [ x2 f SBU2 o
connect 120R for last JRS485_B 1 ~ 4 B w~ 4 P38
device of R5485 bus ARS485_A USB_D-D> < 5 QUSB_D+ < HSL 5B 1654
GNDPWR §- AR | 3K AR | 3K
PWR_FLAG (—24V-EXT
HEATERID—E1 2L > 4ouv B D13 g
HEATER2 H420 5 Louy
REEDS oo reion < 6V, SMF6.0CA oo <
oND —2f o GND GND VB0S GND
REED4D—20L REED3 24V EXT
DIGOUT1_5V 11 116 ANALOGLIN1_EXT -
RVL

NOTE: no diode for palarity protection

because back EMF from the heaters should

be conducted into the power lines if necessary.
(The LDO does have a diode so it won't die
because of a short on the 24V power lines.)

old fuse: JK60-110, 60V, 1.1A (C369088)

This was upgraded because change to DCDC allows
more current for external boards (e.g. 5V_EXT).
NOTE: The pitch is the same but the width is
18mm instead of 14mm so bending it upwards to
make more room for cables may collide with the

IDC connector.
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R36 voltage divider: = 4
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30 100k uto SI°srvos-4  GND
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27 b4 DIGOUT2_PROTECT DIGOUT1_PROTECT
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anp Sk P-ETpy, | ANALOG_IN_HALF
~ S1dz | 5%
BSMD0B05-050—24V, 500 mA, 24V
GND P31 P32 m
5V after f v sl
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+5V GND
Ly F3V R42 y R45 R46
Ss a3 E E
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Current in wax motor will be between T le has th in both b
300 mA / 80 ohms (datasheet) resp. ) ) example has the same caps in both brances
220 mA ; 110 ohms((measureg) whpen cold glfh:"io 'Shpfedflerrgds b:catU\s/eﬁlst c;n;_'vhandle 60V. but differ?nt caps make a ;wre useful filter,
A h h . oth can handle 0. at V_GS=2.5V. it seems (tested in LTspice).
and 50 mA / 480 ohms (measured) when hot However, we are limited to 30V anyway due to the LDO.

The -3 dB point is at 30 kHz. This is lower than
see https://www.ti.com/lit/an/sbaa353a/sbaa353a.pdf necessary for our ADC but way more than we need
but we are not using a low—offset or zero drift (but it does mean that we have to enable the
amplifier because of price (mostly JLC basic parts here) measurement current for longer). However, this is

chosen to be a bit lower than what the opamp would

achieve (again: according to LTspice) so our filter
+24V is dominated by the external components rather than
TP39 o1 GBW variations.
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Q1 Qs U128
DR
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D2 R48 R50 i
DRIVE2 DRIVE2 move R6/R9 here to opt—out of using the opamp
ss210 2.0k P45 DNP / 1k (and optionally cut JP6)
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HEATER2 HEATER2 - - CURRENT2
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A03400A / CJ2310
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CURRENT2_RAW «(JCURRENT2
TP49

CURRENT2

56k 470p | — \

R55 ;;g
P 1k P
P9 I
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use GNDPWR here: The amplifier will see the
shunt voltage without any offset between GND
and GNDPWR. We will get the offset between
amplifier and ADC but that will be relative to
the amplified voltage, i.e. much less significant.

GNDPWR should usually be higher than GND so this
is fine. The amplifier supports input voltages of
0.3V below so negative rail so the other way around
is also fine.

We want a dedicated connection to each shunt so any
ground offsets between the shunts will be compensated,

as well. We use net ties to make sure that we don't
accidentally combine the signals on the way to the
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