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Temperature sensor voltages as well as current sense resistor voltages are referenced to the local GND of the connected BMS.
Shifting the isolated GNDA to this potential (or at least very close) by directly connecting to it, allows the aforementioned
signals to be conntrolled without large errors due to cammon-mode voltages on then Bat— supply connectian.
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However, the voltage drop on this connection will also not be absolute zero. The return currents of the BMS’s temperature
inputs, the cell voltage regulator current as well as then current sourced from Bat+ for the measurement of Bat+/Bat— flow
in one direction, the current inputs flow either in the same or/opposite direction.
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GNDA o D v 'S Return currents on CVTCS(GNDA) » BMS(GND) connection
\ 19x cell temperature sensors: 19x 3 V/47 kQ clamped to 0 V = 1.213 mA BMS(VBias) - CVICS(GNDA) - BMS(GND) - CVTCS(Bat-))
dedae T} Temperature {TISET}G—\ b22 o 18 cell voltage control current sinks:  18x 1.8055 V,/10 kQ clamped to O V = 3.25 mA  (CVICS(Bat+) » CVICS(GNDA) - BMS(GND) » CVTCS(Bat-))
~__CVTRef9—12 2 9x BMS temperature sensors: 9x 3 V/47 kQ clamped to 0 V = 574.5 pA BMS(VBias) —» CVICS(GNDA) > BMS(GND) > CVTCS(Bat—
CVsetit H—F 2x Current shunt voltage outout: 2x 33.7 mV/10 kQ = 6.8 uA BMS(VBias) - CVICS(GNDA) - BMS(GND) - CVICS(Bat-
CTset11 R138 Voltage measurement VBat+/VBat: 2.048 V/10 kQ = 204.8 pA CVTCS(Bat+) - CVTCS(GNDA) - BMS(GND) - CVTCS(Bat-—
T 6.8 N\ Current measurement cell voltage stack: 2.048 V/10 kQ = 204.8 pA CVTCS(Bat+) - CVTCS(GNDA) - BMS(GND) - CVTCS(Bat-—
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Total: 5.447 mA (neglecting the current shunt outputs), adding 100% headroom the total current is <11 mA.

{SHUNT} If the connection has an assumed restistance of 100 mQ this amounts to 1.1 mV — which is significant to at least for the current sensor output.

~ /
F‘/I\m ol A {TISET} P BMS_GND V. Keep the connection resistance minimal. To enable an assessment of the errors that occur, a measurement of the voltage drop is provided.
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For each current output:
Vout = Vset x Rpivt / Rpivz — VRef x R1 / R2
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For notes and comments refer to CVTICS-P schematic.
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+ DACs are in daisy chain configuration
» DAC60508 (12 bit) can be replaced by DAC70508/DAC80508 (14/16 bit) to improve resolution.
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Memory contents (0.2.1, 2025-07-30):
+ CRC32 on all floowing data [4 bytes]
+ Configuration version (2x uint8: major, minor) [2 bytes]
« Calibration data (2 point calibration5
= Calibration date: timestamp (uint32) [4 bytes}

- Cell voltage: 18x 2x DAC value/voltage pairs (18x 2x 2x uintl6) [144 bytes]

= Cell temperature: 19x 2x DAC value/voltage pairs (19x 2x 2x uint16) [152 bytes]
> BMS temperature: 9x 2x DAC value/voltage pairs (9x 2x 2x uintl6)
o Current: 2x 2x DAC value/voltage pairs (2x 2x 2x int16) [16 bytes]

+ Start—up values
» Cell voltage: 18x voltage (18x uint16) [36 bytes
o Cell temperature: 19x temperature (19x uintl16) [38 bytes]
- BMS temperature: 9x temperature (9x uintl6) [18 bytes]
» Current: 2x voltage (2x int16) [4 bytes]
Connectivity
« WLAN SSID [32 Bytes]
o WLAN PSK [32 Bytes]
> WLAN reserved (reserved) [32 bytes]
= BT configuration (reserved) [96 bytes]
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Source: https://datashects.raspbermypi.com/picow/PicoW—A4—Pinout pdf

SPIL is used for CYW43439
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Wireless Pawer On

Wireless SPI Data
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Wireless SPI Clock / VSYS Sense
Temperature

User LED

RT6150B-33GQW Power—Select
VBUS Sense

Source: https://picaw.pinout xyz
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Avoid tinkering with int. flash to provide EEPROM replacement
(block QSPI, calibration being overwritten with update etc.)
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https://datasheets.raspberrypi.com/picow/PicoW-A4-Pinout.pdf
https://picow.pinout.xyz
https://github.com/recursivenomad/ki-lime-pi-pico

Signal isolation
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Controller supply

The controller supply is galvanically isolated from the cell voltage to prevent ground loops when multiple CVTCSs are in use.
Tight ouput regulation is not required as the Raspberry Pi Pico (W) has an step—up/step—down regulator built—in. Output voltage
must be 1.8..5.5 V at all input voltages and all output load conditions. The transformer is used in reversed to step down from 5.8V.

Ctrl
FB4 Snubbers improve EMC and
1k/100MHz reduce peak voltages (<16 V). j
|
5v8 Syt Mors e oy dpaton ot sameng |
self—resonance frequency. |
R15 \
100 'S SN65058QDBVxQ1 R16 fo? e FBS \
5 n 47 P 1k/100MHz P12 \
& 100u \
u11 I
z=zzz== ‘
1 <5 mwW v+ ‘
CLKS D1 |
. |
D5 Rz 3 c49 }
BZX384-B5V1 e I» T e
34 my | -y c50 |
6.0V R17 it - | auF/BY 57 |
u
100n 47 4.7y I— : \
100p . } “auF /sy |
hd |
~ cus  cu6! |
GNDA in 1n} \
— capacitors |
\'\/mprff\ﬁ éMc I—I V- |
1kV }

The output must be able to deliver 1.3 W:
+ Pi Pico (W) is assumed to require 50 mA/3.3 V
(165 mW) under "computation load".

» CYwashso taxes up to 520 mA/S.6 V (115 V) AUl parts of this project may contain errors and are published without
assuming liability for any results of its usage (intended or unintended).
Vout/efficiency (Vin: 5.4 V/6.2 V)

e 42 V/49V, 88/89 % at 150 mW
« 33V/41V, 80/84 % at 1.3 W
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Masurement tolerances (incl. ADC(max), uncalibrated/calibrated)
T[1..3] accurary: 0.7..0,9 °C (0..100 °C orst—case Ip a = an = i i owest supply voltage the IR for
VBat accuracy:  1.48/0.75 -/E (20..80 V)) When switching between input groups the o3 Measure +2.5VA to mitigate yng(mtm e e 25 Ztov\éat(mix) :/D"’_" = VBat le‘ / (R:":" / Rowt + 1) e Tener mgggmugt T otitient to
IBat accuracy: 19.2..2.94/3.8 .05 % (0.01..4 A) common :a[{?ci(o@hbasi:a}tlyhi‘s a‘paratsitic +2V5 tolerance of bias voltage. to work properly at all temperatures. In = VBat / (Rbivt + Rbwv2) generate a sufficient VR.
Vorep accuracy: 77.8.1.46/16.0.0.64 % (0.1.10 mV) B e e e e e L5ya 1000 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7
V8 accuracy: ) will be indectectable.
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Fan output (non-isolated)

Battery current (examp es):
200 mA x 6.65V + 75% =

J7 W - =35 mA/51.2 V
400 mA x 121V + B85% =~ 570 W

- =111 mA/51.2 V
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LM5169: Bat-
Vout = VRet x (RFBT / Regp + 1) Corrent sl nort- chautt fratection when switching.
fow = Vout x 2.5 x 9 / Rr from low to high output voltage.
Inductor calculation:
Assume AlL = | x 40 % =~ 80 mA/160 mA, Vin = 65 V
L = Vout / (fsw x AlL 1 - Vout/Vin) =~ 302 uH/137 pH - 220 pH (compromise)
AlL = Vout / (fsw x L) x (1 = Vout/Vin) ~ 110 mA/100 mA
ILpk) = lout + AlL / 2 = 255 mA/450 mA
Output capacitor calculation:
Assume AVout = 144 mV/253 mV (2 % Vout drop on current transient)
Cout > L x (lout + AlL / 2)% + (2 x AVout x Vout) = 6.9 pF/ 7.0 uF
Ve = AlL + (8 x fsw x Cout) =~ 43 mV/30 mV
Ripple network calculation (type-3):
Assume Vm(mm) oV B . B P N
CA > 10 + (fsw x RFBB || RFBT) = 373 pF/204 pF - 2.2 nF (already used elsewhere) All parts of this project may contain errors and are published without
Ra ~ (Vin — Vout) x Vout + (20 mV x Vin x fsw x CA) ~ 455 kQ/581 kQ - 560 kQ assuming liability for any results of its usage (intended or unintended).
Cg = 50 ps + (3 x RrBr) = 150 pF - 220 pF (alread used elsewhere)
S‘wmula}w’on shows =214.5 mV feedback ripple at Vin(min) and Voutgmax).
According to the datasheet 12 mV shall be the very minimum at Vin(min). Frank B&ttermann (frank Jat/ Ich—war—hler.de)
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Main power supply
This supplies the required voltage rails (5V8, +5VA, +2V5A, —2V5A) isolated from Bat+/- to allow GND to mave to the potential of the connected BMS.
In this way, a voltage drop on the Bat-—connection does not disturb output signals. Partly, oversized components are used, as they can also be used for 5V supplies with increased output current.
Simulated efficiency (Vin: 18..80 V; PMEG3050BEP): LT8304 minimum load (=20 mA) is covered by
+ 79..58 % at 40 mA/6.0 V 2x 2.5 V shunt regulator: ~2x15 mA
» 80..70 % at 410 mA/5.6 V Diode snubbers improve EMC (damping sec. rectifier .
ringing; sim.: 40 MHz, >10 Vpp). But it also reduces Noisy controller supply . . . 431 stability
ey oy 0%, e ST SO HrOler SUPPU. iput,  Damping resistance is & guaranieed ot all
efficiency by 0.5..1.5 %, depending on operating point. () is connected at noisy output. °°’“d”’v”mffh<5"‘{“§ e C“g?"ﬂ; s
y D5V8 used in both rails capacitive load.
€39 R13
Bat+
i 7777777777777777777777777777777777777777777777 1 in 22 Output: 5.8 V/400 mA
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i Bat- Power dissipation of damping resistors depends on input voltage Capacitor improves Y-capacitors +VA
fluctuations and output voltage fluctuations, due to load changes, stability. Check improve EMC 1
on the output respectively. At 2 Vpp/10 kHz rectangular input influence on IN out
voltage ripple 130 mW were simulated at the input damping resistor. output voltage. 3 EN PL07
[=]
= R129
0
E18U3V(JLIE] C36 [ C38
VIN(UVLO+) = 1.228 V x (Rtop + Rbot) / Rbot + 2.5 pA x Rtop 1u 4.7u
VIN(UVLO-) = 1.214 V x (Rtop + Rbot) / Rbot Hwb/se D25
Tolerance: —7.4% +5.1% (LT8304's tolerance (-5.5%, +3%) and resistor divider tolerance (2%)) ® SML-D12P8WT86
« Vout = VRef x RFB/RRef x 1/Ntranst — VDiwd (where 9.1 kQ < Rref < 11 kQ)
« RrB was adjusted during first time operation. .
GNDA

Parallel LC-filter dampening:
Cdamp = 4 x Crilt_(opt. case)
Rdamp = 1/(2 x Q) x (Ltit/Ctilt)

where g = 0..1 (1: critically damped)

All parts of this project may contain errors and are published without
assuming liability for any results of its usage (intended or unintended).
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