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PWR indicator LEDs PWM signal outputs per bank:
o2 GLVRLSU +5V PL02 45V P103 - 4 pwm sigs. external Hey
Global LV and CAN F101 WX Vs R107 D103 Jios Y range: (0,30)Vdc working. (0,35]Vdc abs
G_IL+ 1 4 G_IL- ~1A LV—D%D +3.3V P104 ) y yellow PWM sig%ank 1 PWM sig bank 1 Programming
GLV—_2 5 GLV+ =D GLV+ | led.i2 % +3.3V A A 1105
_ N . : =
G_CAN-_3 6 G_CAN+ DGLV é\?\;gz igv}\/ - ] ol i+ VG 45V L féf L g;g: XDS_3v_supply_1 | 2 _XDS_TMS_SWDIO
5 indicator Dol 23 GND <}—H 5| 4 XDS_TCK_SWDCLK
6LV+ File: GLV PSU.kicad_sch D104 (N0 133 _ 3 g
- C108 C110
ol Interlock Lsen it yellow 5 uk P o > = 220n == 220n XDS_GND | 9 10°XDS_RESET_OUT
Ell IL input sense c2EN=E ed! B—A\—s GND Q—I—-r :
GIL- R104 (DI + internal PU) e File: PWM sig bank 1gad_sch SWD fish
Bk v+ 88.7k indicator 1 e XDS_3v_suppl
G_CAN— = N s : MMBT5550L 100k 55 2':1; X—> +3.3V
—— li} = ?;‘;i Q108 R109 Dfe? GND W X0S.TXD proguartai 0 ¢
iy - =8 o 2.4k, XDS_RXD rog.uart_ui_tx 1106
D101 / ;«x GND | led.BMSFault | SR YOS I @ T oy
S SW101 R112 XDS_TMS_SWDIQ 10g.SWDIO
“ LY SO groszﬁssm LS (e 40.2k XDS_TCK_SWDCLK ___ prog.SWCLK CHD
GND S . .
H101 Q101 it?: R110 prog{SWDIO SWCLK reset uart_ui_tx uart_ui_rx}
MountingHole MMBTS5550L . 3.32k
IL forwarding | led.sched S U105
H102 (D0) R
MountingHole GND <] [Sforvand Scheduler running <> XM0G3507QPTRQ1
GND note: 750 Ohm push—pull output. default low. 6 7
H p p p VDD vss——> GND
L - veare 48 lycoRe
MountingHole CAN bus interface 8
- PA2_ROSC
—> +5V pwm{bisi} I RSTN
U101 +3.3V
MCP2542FDxMF | obtherm{1} X%PAO_FCC_IN
se ™D 1 can.tx >?PA1
7] CANH RXD [4-can.rx % 2-{PA3_COMP1_OUT_LFXIN
21 (|PALFCLKIN_LFXOUT
led.BMSFault 41 |pzs yExiN_FCC_IN
51 canL 1d.12 12| oy irer o 1xe o
a  smyf8 : PA6_HFCLK_IN_HFXOUT
g . >3 1pa7_cLk_out
~ V9 cio4 %PAS
j:|' 220n X:LIPA9_RTC_OUT_CLK_OUT
Che >481pa10_cLk_ouT
SO 19 1patg
eth.SCLK 27
PA12_FCC_IN
Joined CAN bus. GLV and HRLV +3.3v eth.MIS0/POCI 28154 5
eth.MOSI/PICO 2915, ¢« ouT A0_12
+5V eth.cs_N 30 PA15_A1_0
U102 mchs.MISO/POCI 31150067007y ree iy
MCP2542FDXMF 1) o] mchs. SCLK 321pps7p1 >
ao 1 mchs.MQOSI/PICO 33
s mop Tos.5WDI0 34] PA18ALS
71 CANH RXD o PALO_SWDIO
[3) ro r:a;t ui_tx gg PA20_SWCLK
CANL o ProQ.UaMULX 39 1ppng A9 7 VREF-
o stRY |8 led{i1 i2 BMSFault sched} prog.uart_ui_rx_40 PA22_CLK_OUT_AO_7
J103 > led.sched 43 PA23_VREF+
HRLY ~ led.td 441554 A0_3
HRHLXISAT ; ; :m'ﬁm' e canfex o} on tx)&:g PA25_AO_2_OPAO_IN1+
+ - d
g 2 5 PA26_A0_1
HRLV_LV- 3 6 HRLV_LV+ V< cror PR < o Q e Ol
jj' 220n j:r 220n 5 PA27_RTC_OUTA0_0
CAN and IL are swapped to fail GND GND 355 PA28
if the GLV connector is used notable propagation delay. +3.3V <——PA31_CLK_OUT
~20nS —> ~10MHz abs ideal. IL{forward sense}
HRLV interface probably errors >5MHz sdtlppo
CAN S\G—(ﬂ> GND mchs{SPI cs_per cs_imp SHTDN cs_sd} %PM
o hriv{pres_hrlv pres_interlock} X PB6
HRLV_LV-HL Lo 1y CAN_TX4] = = ILsensé 21| o0
HRLV_LV—| T CAN_RX<] IL.forward 22
D HRLV_LV— PB8
HRLV_CAN+)HRLV CAN_H CAN_SIG+ GND 23 PBY
HRLV_CAN—)HRLV’CAN’L eth.reset N 24 PB14
:zLV-:“cHRLV,\u VODG> 133V - eh"'""'-'; ég PB15
e NI HRLV_PRESENCECHIV-RIESIY_— chs.cs_sd 261pp4 g
IL_PRESENCEDILY-pres_interloc +3. 361pB17_A1_4
mchs.cs_per 37 PB18_A15
mchs.cs_imp 38 PB19_A1_6
File: HRLV interface.kicad_sch hrlv.pres_hrlv 41 PB20_A0_6
hriv.pres_interlock 42 PB2#_A0_5
1101 . .
Maln Current Hall Sensor Main Current Hall Sensing
(8. 45)Vin<K v+
5Vin=> +5V
MCHall_5Vin 5V_out Vio—> +3.3V Ethernet
MCHall_GNDin |-\ GND<H> GND Ethernet
v MCHa!l_perc:se Dimpercise_sense csi N N<mchs.cs_img +3.3V <P +3.3V CS,N(E""Fs N
CHallimprecise | o fcocrce E‘Sm:::z:::’N<mchs.cs_ or \Anamg Fault Failsafe / GND <HPGND INT_NCY
= - MI
SCLKG—AAMERS:SCLK 74 oy 409 Msgzem.mom PICO
spoo) mchs.MISO/POC, R1 100 eth.reset_N
mch’s.MOSI/PICO RST_N{ =
S0 chs.SHTDN scLketh-SCLK
MCHS_shutdown_N<jmEns:
File: MCHS.kicad_sch File: wizard.kicad_sch
= = File: Analog Fault Failsafe.Rq@d_sch eth{SPl cs_N reset_N irg_N}
. 1107 Board side sensing S 433V
not a sheild.
for routing convenience Micro_SD_Card s —D oD
GND Q—il SHIELD N I
8 U103 > 12
= B 7 “mchs.MISO/POCI MCP9700x-ETT @) Vour — LV only. no HV present
- DA IS S 105 — (10.35]VDC GLV working
- Vss ﬂ? G'%'% . I \ XDO - swap relays for >12VDC operation
. CLK SR chists CUN S " a q T a — IL assumed to share GLV GND
= voo |2 N L Files at github.com/Gregification/BeeMS — IL sense diode set for ~12VDC
- cMp 3 mchs.?d'a& PICO N\ / UTA Racing
hs.cs_sd 8 :
Hm | DAT3/CD i mchs.cs s TODO: add hardware watchdog U104 > obtherm.1 S.heet’ / R
| DAT2 =X Vout : File: MasterBoard_A.kicad_sch
TODO: add random buzzword senesors. MCP9700x-ETT &) -
— - humidity 3 E(mos Title: BeeMS Master Board (A)
— FPressure
— hydrogen 7 D N 220w Size: A3 [ Date: 2026-01-08 Rev: 1.1
KiCad E.D.A. 9.0.0 Id: 0/8
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1 [ ?I 3 [ [ | 5 |
uv, oV, RPP
-65, 65)Vin
8.36. 34).6'4)v window S‘ffsooiw S‘ffsoosw S SRl Tfﬁ supply
‘ ‘ e T w0 - T T T T T T T T T 1 T T w2 T T T 1
1 4 4 1 | €204 L1201 | | €210 L202 |
GLV+D> < —DLV+ ‘ AP64060ZQ  To0!  Fou | i AP64060ZQ oo oy s ert |
= 5 1 5 1 mA_working
S S v+ ‘ Vin  BSTH—| | +5V LY+ ‘ Vin  BSTH—| | o Lo +3v3
al
. | 4 3 | 4 S |
d o | €203 £l iE | €209 £l iE el €212 |
sl B & - } 1002060 sw8s } 1001200 swibor R211 Loy Loy }
€201 A \ ES1D \ ES1D 22.1k \
2200 T _4) 140k W-a : W-a : : |
R202 VCAP  EN/UVLO —— Y e —— Y
88.7k R206
R203 Zov GND 22.1k
3.30k U202 R209 R212
a=e M74502 D= 15V e v +3V3G—e v
€202 W 207 ¥ 208 W cat3
W x220m T 10u WL 2200 T 10u
R204
3.32k
D202
green
see beofre layout
https://www.tessolve.com/blogs /power—distribution—network—in—pcb—design—ensuring—stable—power—delivery/
Files at github.com/Gregification/BeeMS
UTA Racing
Sheet: /GLV PSU/
File: GLV PSU.kicad_sch
Title: BeeMS Master Board (A)
Size: Ak [ Date: Rev: 1.1
KiCad E.D.A. 9.0.0 Id: 1/8
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i I 2 I 3 I ] I 5 I
FB2
ST +3.3VA
: 22 139 _1_cao 23 25 27 28 c30 c38
eNDDSND AGND  10u T~ 40u ~J~100n ~]~ 100n ~T~ 100n —]~ 100n ~T 100n ~]~ 100n ~T 100n T
+3.3V T ekl damping for
C29 emi
reduction.
I eyeballed +3.3VA
u22 values 5
© W5500 R4l < R4S R47 RJ45_Amphenol_RJMG1BD3BBK1ANR
b 5373 49.9<  49.9 10 TD4RY 1
csap3scs & &2 I§+ [ R 2; i == Q+3.3V
SCLKDS scLk z el X TD-R2 8 F
IS0 Miso R3g  Ro% Rbarg D2 c
35| 5 RX4 14.3 A | o RD+ I
MOSIDSY MOSI RXN [Py Yl —— RS G - L4
INT_NGEY TNT Rxpf&RX3  an |——F-1rb=r¢ ggz e | L3
RST_ND3ARST R40 Aty ok RV i
14.3 : o I
S PMODED 560 7
PMODE has 4 PMODEL 35 | | c36 C37 R48 R49
internal PU 3 332 332
PMODE2 AGND 227 10n 10 2kV
» > AGND o
XI/CLKIN R43
R34 %o SPDLED [2% 4,99k - o
v LINKLED [22 A MMBTS550L
N\ —
P ><3—g RSVD DUPLED g—sk o
R35 RSVD ACTLED v
Nz T G 6 oA MMBT5550L
1 D 3 ;RSVD EXRES1 g( 4.9
¢ l 4.7u
c24 | c26 ESVD TOXBAg 2 . more so to be G
18p < 18p )é . o 8 B bo I s used as jumpers
GND_ 5 2 €31
A M) 10n
GND ‘ AGND

layout notes
— all VDD and VDD need 100nF decoupling
— offical wiznet docs & examples consistently show split power planes, ocassionally show split grounds.
- joining A/D grounds should be done under the device that uses both
— considering just seperating A/D components, instead of split ground
— "what do u call a engineer who splits a ground plane?" “a customer"
— split ground trades a noise issue for a emi issue, emi is more acceptable for us though
— we split in fear of the enviroment, not of other stuff on our boards
TRX lines are differential. use differential routing
no planes under magnetic stuff. including internal transformers of RJ45
pin 18 (VBG) should measure as 1.2V at 25C
pin 20 (TOCAP) cap must be especially close
consider running ground strip on top plane along entire edge of board
— >0.5mm sep from power plane.
— via stich to ground plane below. ~ 1/10th dk wave len
- fr4 Dk ~= 4, 300MHz ~> 0.5m , B00MHz ~> 0.1875m :
— note: probably irreverent for our use case, but dosent hurt

eyeballed via pitch <10mm

miscellaneous

— rj45 sheilding sucks. sheild

— FSAE rule (updated 2026) :
EV.5.2.5 Each wire used in a Tractive

Battery Container, whether it is part of the GLV or

Tractive System, must be rated to the maximum

Tractive System voltage

goes elsewhere

i know other teams use ethernet for segment
interconnects, not sure how they get away with it.
— smallest part 0805 inch. is hand solderable
— suggest paste + heatgun ascillator on first, then
iron everything else starting with w5500 and ending
with rj45 jack
— "RSVD" pins can be GND to for routing ease

100Mbs

Wizchip has reference schematics & layout docs. not always in sync, use own judgement
BeeMS

Sheet: /Ethernet/
File: wizard.kicad_sch

Title: spi ethernet controller

— note: more yapping about grounding : youtu.be/vALt6Sd9vlY?t=3009 =
- use "replicate layout" plug in to clone layout of hierarchial sheet Size: A4 | Date: 2025-12-26 Rev: 1.0
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T | 2 | 3 | [ | o) |
14b ADCs’
U402
TLV713185PDBV
o 1 5 1.8VA
5VinD> > o LIN  outPe
" _L L3]en M
C401 a made to be
220n T s cap—less
GNDD Sl
. U401
SN ] MCP1501-40xsN
Q 8
315HON s
2 wilz 4 096Vref
€402 _| ]
220n ~ G308
T 1 =T
CReCS U404
MCP33151
add 10uF tant decoupleing
VioD 10 pyio Vref L
SDID—X sl 5pi AVdd |2 3:0;‘
SCLKD- 8lscik Ain+ |2 _T_ —~/\V- Jpercise_sense
SDOG 7{spo Ain— A5 GND_out g;‘gﬁ
CS_percise_ND S1cNvsT  GNDF2aGND -I-—DGND_out
ki €403 1 C404
AT 220n 220n
U405
MCP33151
bﬂ DVio Vref 1
L 9] 2 R405
SDI AVdd T
8lscik Ain+ |2 _T_ —~/\V- Jimpercise_sense
7{spo Ain— A5 GND_out G
220n -I-—D
CS_impercise_ND> S1cNvsT  GNDF2aGND GND_out
5V 30mA source ideal diode
5v op—amp requlator
U403
U407 Si1450DH
nuh uh
HEED SVinD—— U408
(8. 45)VinD— Wreg L D5V out
5Vin
U406
R403
MIC7300M5
P 224k c410 | o Files at github.com/Gregification/BeeMS
0 220n = o z| NCV6B061 UTA Raci
i 407 w= o acing
Z TINlL ><220” N Sheet: /Main Current Hall Sensing/
N File: MCHS.kicad_sch
GNDD> DGND_out ;
R A O Title: BeeMS Master Board (A)
Size: A4 [ Date: Rev: 1.1
a lot of hassle for this but it protects the bajillion dollar sensor KiCad E.D.A. 9.0.0 Id: 3/8
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| 2 | RS | L | |
0V, RPP (4.5, 40)Vin PSUs
(-65, 65)V working
OV threshold >31.73V
UV threshold <13.34V
U303 U305 LV+ U306
Si1450DH  Si1450DH IG AP7384—-50SA
GLV+D> 1 LI 1 DV o—Lfvi_vol2 o D +5V
-E €306 _T_ Z _T_ C305
a
2 a 2 220n T ol T 10u
O e
5 w o
R301 < 301 s 5 & R306
97.6k 52200 4| 1 3 97.6k
VCAP  EN/UVLO R307 U307
2302 7 ov GND 2 10k Az7375—335A;7
4 \ \%e] 4 D +3.3V
QD po0% - 305 | 2 1 c30
3 LM74502 IG o 3 o
- oD T T
CAN interface
+5V3a VDD
U302
MCP2542FDXMF 1| i
2g mot GCAN_TX
CAN HD 7f cANH RxD [ D CAN_RX
CAN LD 61 cant
a  stevf8
>
1 1
CR0 ‘ avss
HRLV interlock +5V
— not required by FSAE rules
— for internal use only "
MMBTS5550L 1
Q301
[a!
R304
U301 o
ISOMB600DFGR green'
R305
ILID 41 41 JR/OL AL enabl
- “ T enable
L 3 ¥ |2 [1.20]mA, ~1.5VF s
isolation:
707Vdc working
isolation not needed, 41kVdc for 60s
simpiler to reuse part min life: indefinite
BeeMS
Sheet: /HRLV interface/
File: HRLV interface.kicad_sch
Title: Voltage Tap A . top board
Size: A4 [ Date: Rev:
KiCad E.D.A. 9.0.0 Id: 4/8
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(0, 37)V across LV+— , working

LvV+4a
Lv-a

MCU_FAULTQ

PSU_FAULTQ

TODO
(nuh uh)

MCU_IL_enableD>
Dlnterlock_ctrl

Files at github.com/Gregification/BeeMS
UTA Racing

Sheet: /Analog Fault Failsafe/
File: Analog Fault Failsafe.kicad_sch

Title: BeeMS Master Board (A)

Size: A4 [ Date: Rev: 1.1
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OV, RPP DMN62D0U  DMN62D0U u704
(2.28, 34.64)V window u701 u703 AP7381-335A-7 power presence
04D 3 5% . v vol2
=T =T =
3 788
‘-c = ml
° 14—
o
g -ow oou 3 R703 green
c701 VS 5 [ 40.2k 02 D701
r701 4 220" T _4lveap  En uviolt 1u
88.7kR
AT GND 2, L R704
Ri02 U702 40.2k is not DC isolated. >10"12Q
3.32k both sides shuld probably share i+ 5V
LM74502 a common somewhere off board. C709
e 1u
L@;,
o J
Q701 1 _ ;
MMBTS550L i
= : L e
705 1 5[t | R714] YETow
o1 AN~ 100n =5 | %r 3 750
i Rt
! R710
332
TLP155E - >
U705 Q702 a i
N MNBTSSSOL
= S A AN
C704 5
002G 100n* %3 2zon*
4 : %711:
/7 N 332
TLP455E y ]
U706
Q703 1 .
N MMBT5550L m B
548 o Pt s
c705}I€ 5
030% 100n % 3
4 : %712:
/7 N 332
TLP155E y ]
u707
Q704 1 ;
N MMBT5550L g
50 >T€ N AT <708
€706 5
OQG% 100n % 3 220n
4 : 71
/7 N 332
TLP155E
U708
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