T 3 5 5
CM4 GPIO
- Power Connectors Ethernet CAN bus
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12c1{12¢}_| 12c1{12¢) pCiesLeeppl PCIESLEEP 12c0{12¢}_| i2copizey BN L 3:ggzggﬂzg§§ UsB3-1{usB3) reesieen ] PCle{PCle} LED_PCIED—
DPHY 1 —D DEVSLP
PGJV—}PG_SV File: CM4_HS.kicad_sch
File: PClTe kicad_sch
File: control_mcu.kicad_sch
SDCard
SD{SD}_ | s0{sD}
File: SDCard.kicad_sch
USB 2.0 Peripheral Interface
USB{USB2}_|

USB{USB2}

File: USB2.kicad_sch

PCB

File: pcb.kicad_sch

HALPI2 is licensed under CERN-OHL-S v2.

To view a copy of this license, visit

https://ohwr.org/cern_ohl_s_v2.pdf

Hat Labs Oy

Sheet: /

File: HALPI2.kicad_sch

Title: HALPI2

Size: A4 [ Date: 2025-06-08 [ Rev: v0.4.0

KiCad E.D.A. 9.0.4

||d:1/38

T




T 4
5-10.3V
10-38V 0-5V at startup
10-100V Input Protection J—DVin_prot Buck converter 10V Vscap Buck converter 5V
i vin D Vin Vin_protected D Vin Vout J—D p Vin VoutD——> +5V
Ij: > GND_in VIN_OVP D VIN_OVP linD—Dlin VEND-D EN
Conn_01x02
71 Fuse Bl_VIND—Bl_VIN

Vs . 5.1V / 4A
Reverse polarity prot. Pi CM module PG_5VD—DPG_5V

Reverse current prot.
EMI filtering
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USB outputs
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Supercaps Buck converter 3.3V
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EMI pre—filter design taken from PMP15013 & 652AN101E.

Reverse palarity and

. reverse current
Overvoltage and Overvoltage disconnect

t protection
::;{EE;{]LE,:' at 38.6V Common-mode EMI filter
. D VIN_OVP
TestPoint e T
Q1A Q1B |
0451005.MRL PWRFLAG 3 WSD4EN10DNS6 | WSD4ENLODNS6 HCE}”H’KF 121760 we I
Vin iy ‘ ? Vin_fused ? TEStPDII’\t‘ 5 1 3 5 VinRPP | ‘ TestPoint Vin_FB |
— Ly ) L I |
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TV5_A Vs o o o - 3 | |
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SMBJ2BA c2 b3 10) s ° ] ! !
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T 100nF/100v © a TTEARY cpp I o 1uF/50V T— T— 10uF/50V 1 |
£ < 2
e = R [ PCAQ7060MW—102 |
o o | e} L2 |
| |
SwW | |
I s I GND
ov e En/uvio B vs | LUF/50Y I
: | |
™ ut | B2 |
TP1 LM74800 HCH3216KF—121T6 |
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GND_inD> ? L/ GND_FB i
S < I
PWR_FLAG Differential EMI filter
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ez c9 c11 Rah |
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Current Limiter

—p Shunt+ lin O——>D lin

Bi_VIN7> Shunt— FB DiFB
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Vin at max. 10.0V

Buck converter dropping the supercap voltage
dawn to 5V for the CM4/5 module input and

USBs

VinD-

J3
5V Header

us 25
TPS56623BPRAFR BST 100nF
; ; 5_VIN BSTZ PWR_FLAG GNGND
APHO630T2R2M
_L _L 6 lvin sw-8 s { e ; T D Vout
€22 c23
10uF 1u0F vee 1 lvee cza.—ii.
c27 220uF/16V
FB 27 10uF FB
2 b TP20
s 1uF I FB3
FB voltage divider designed to have
GND GND = a 5.1V voltage at Vout
GND GND GND
c24
1uF
GND
fow = 600 kHz
GND
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Buck converter for the 3.3V rail Prevent current Jb
backflow from 3.3V 3.9V Header
Vin at max. 10.3V U7 to depleted supercaps.
C33 " vV YV
TPS566238PRQFR BST 100nF Vin GND GND
VinD ; 3 1VIN BST|Z “
R137 6 8 Sw ? APHO630T2R2M ? Vout_ 5 3
VIN SW : — N — 7 7 D Vout
€30 €31 33K —/ PS
10uF 1uF ? vee s vee €36 =Lt R30 37 ASDMZQOENIZZB PWR_FLAG
N33 3 o FB c35 220uF/16V 100k 33pF
- ; EN FB—g - 10uF FB
R138 9 |pg E 1ufF P;%l
c32 47k x 2
GND GND 1UF -
D2 )JP5 o = 60D Kz GND GND GND
LM3ZLTTLG TP36 Jumper_2_Open sw
FB3 GND
GND GND GND GND GND
Cap this jumper
EVSL\;) at to Pfurce %.3\,? FB voltage divider designed to have
. off. a 3.33V voltage at Vout
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""" Tswi - T T = 1
| sw1 ESD protection for +3.3V VL 3.3V
SW_Push I
| —Fus external connectors | .
I Add 8 longish_delay C46  C47 C4B C43 C50 C51 (52
L ! R139 to release RESET. Gl 10F  1uF 1uF 1uF 1uF  1uF 1uF
| | 10k We're not so concerned 1uf
I . I RESET  @bout a small delay as GND I I 11T 1 1T L
| Con | abaut ultra—reliable c45
I PWR_BTN_IN I 517BUBF startup. <;| Luf
USE :
i | i GND oND
| RESET |
GND
| |
| 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 1
| . |
Controller measures device +1V1 +3.3V
I ESDS4SIN p10 I voltages and input currents cu2 cus |
| ESD5451N I and controls power output 1uF 1uf | I, R
I D11 I I ;‘i:fr""::":"ﬁi|§v5;"‘lf2"g"'“t55 I ’_Prngramming/interface connectors TestPuint—I
I ESD5451N I < I I < | P32 i
I | I 6 TestPoint  OND o B GND I 17 USB_BOOT|
| . TR27 Conn_0D2x02_0dd_Eyen |
/. | |USBBMicro RESET 26 58 888% 2 0 RLS I GND +33v |
' TestPoint RUN €2 33y | SPIO0ISRABLED 1k I | VEN I
e - I [==vaus 41x RU2 " 2238 | cpiot [ ED P 25 —— | I
Scale Vin down to ADC input | P25 w EN-Td W LT <JLED_PCIE |
I | bssonly 278 WL e K e GPIO2 IPWR_BTN_IN I 25 I
[ I I o+ 42 i il T | uss-op = 6PI03 [ ugeR_BTN I D estponasWeL |
S I I % op-42 = 5461 55 _pm GPIO4 CIESLEEP I ! 19 I
I < I I ZZ n4i L TP26 27R £ | erios|L |GPI\OOS I Conn_01x03 I
| 2 VinS scaled to provide | s = TestPoint R43 GPI06 |8 GPI006 | GND I
I 3.3V for 33V input | | P24 aspissl (28 gspi_ss GPI07 |2 [GRI007 . 53y 8 |
! R34 I | TestPoint QsPl 5po cpios L crioos 1% R50 | 1 Conn_02xD4_0dd_Even |
| estrom —2PL531 gsp1_spo 6PI09 125 pWR_BTN_OUT R | GPI005 |
I 200k Tp33 I QsPI_SPp1] 55 13 [ED_PWR | —
I ) | I GND Qe Sh2l oa]ASPISD1 6PI010 L3 |[ED_PWRx — J,:l——qiam | I ~GPID08 |
| TestPoint yips | | Qepl a2 asPLsD2 ePio11 4 TTED ACTx Q67 10k I I |
I I I QsP1 SdLKl —s{ QSPLSD3 6PID12 154 +3.3VCMx I I L5 | GPID29_ADC3 |
I w5y I I =24 aspi_scLk 6PI013 (28 IcM_oN 201120 I I I
I ok I | N | ePiota % 12¢1.5DA I | 7 GND 7 GND I
! GPIDL5 12¢1.5CL
| | €39 GPIOL6 2_7‘_'@\016 RLB Detect whether|the I |
I | 15p Y1 281 CM has shut dpwn |
z GPIDL7 GRIOL7 1k L B
! l | ABMB-272-T3 % 5ol oriots |29 50 m 5y VENX . P ——
I_ oo e ! I : o GPID19 (30 - 12Cm{12C} I
_______________ _
I i;o GND#[:]%GND 6P1020 3L 12¢m.5DA | GPIO16__~ TP30
———————— e - I ’ & 6PI021 [32 12Em.SCL DIS_USB[0.3] I TestPoint
I Scale Vscap down to ADC input | I 2L xouT GPI022 % DI5_USB3 - - GPIO17 . TP31
1% 3 GPID23 DI O restpoint
! | X 36 ol
I Rt GPID24 DI
a [
I 3 I GND 6P1025 |37 DI . tre S
| £ Vscap$S is scaled from | M SWCLK - I EMmperature sensor
I 11V to 3.3V ) I | uswn GPI026_ADCO [38 VinS  Rug | 12Cm{12c}
I (this will also drain | | E GPI027_ADC1 |32 | VscapS 10k — 12c{12¢}
| the cap over time) | | GPIO2B_ADC2 40 lin_| i I
i I | 19 41 | [ GPIOZ9ADES Alin I . -
| R32 | | ; TESTEN 2 GPI029_ADC3 File: temp_sensor.kicad_sch
56k | = gl
| | GND — MCU LEDs
| VscapS I v U9
| T I RP2040 I
I TestPoint | ] GND I LED_PWRD— [ED_PWR
I G —e—_——— —_— [ED_ACTD—p [ED_ACT
I I [ Fash ) b 'I File: mcu_leds.kicad_sch
1uF
I I R41 /{——”——% I TP28 RGB LEDs
| GND i I 1% ) I TestPoint
L = USBBOOT_— QSPLSS ilee 4 GND .
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This LDO is required far circuits that need to be
powered before the stage 2 buck converters are online +3.3V D12

(basically, just the current limiter opamp).

u10
SEB633K2-HF

IN5819WS +3.3VE

DL PWR_FLAG
P33 gNs1sBwT
LDO_OUT TestPoint

Vin[>f2 N _out]3
2
c53 5
I 1UF/50V 3
GND GND

C54

I 1uF

GND
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|

RGB LEDs |
|

|

|

LED2 LEDY I
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|

SK6805SIDE-G-003 SK6805SIDE—G-003 SK68055IDE-G—003 I

|

|

|
|
|
|
|
|
|
|
I LEDL LED3 LEDS
|
|
|
|
|
|
|

+3.3V 45V

D14 D15 |

1N5819WS 1N5819WS |

DOUT . TP34 |

RGBLED D— TestPoin

I PWR_FLAG | Leosy <L I

I 55 L L C56 L C57 L C58 L C59 L C60
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|
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I
: CM5 Module Connector 1/2 +5V I
I [owae CPIO Honder 1
I +3:3VCMx | 40Way GPID Header
I NS CIhtve +3.3VCMx | I+3.3VCMx +5V I
: | 12c1{12¢} GPIO )11 |
| > 1?2
o w 88 | | 3 |
| + oz CMu_1.8V | | [\/2c1:5DA 3 T |
I o cMu_3.3v [84 | OETH(ETH} | (NJzciscl | s [ e |
a 1 | H1 | GPIO& 7 B | GPIO14 |
_PWR_( “ Ethernet Pairo_N {19 SUBEE | HAT autline | 5 10 | GPID15 I
I SILAAL ETH.TD1+ A
| 3{5p_vDD_Override Ethernet_Pair0_P QWI—F I | 6PiI017 | [ 11 12 | GPID1B |
| 161 yBaT Ethernet Pairl_p |-+ o I I 6PI027 [ 13 4 I
| SD_CMD Ethernet_Pair1_N [-2 : | GPID22 || 15 16 | GPID23 |
I SD_CLK Ethernet Pair2_p |1 SE g;f I I I 17 18 | RS4B5.EN I
I 3 {sp_pato Ethernet_Pair2_N Q—W|—IL | ) | ocansol ol oo ) |
I 7{sp_pAT1 Ethernet_Pair3_P W I Note: USIB%BGPIOdﬁ_FastQS | CAN.SDO | g1 22 T GPI025 i
. . requires modirications
| S el BdemE e 19CM5_FAN_PWM I (but allows the board to be | CAN.5CK 23 24 | GPIO8 |
| SD_DAT3 Fan_pwm I LED_YELLOW] I used simultaneously with other | 25 26 | GPID7 |
| SD_DAT4 Ethernet_nLED2 ETH'LED_GREE | devices requiring SPI) | ID.SDA 27 28 | ID.SCL |
| SD_DATS Ethernet_nLeps L5 ETH-LED-GREEN I I GPIO5 | 29 30 I
| 5D_DAT6 Fan_tacho 18- FANITACHO I R51 | GPIO6 | 31 32 | RS4BS.TXD |
| SD_DAT7 Ethernet_SYNC_OUT [18x 12¢1{12¢} | CAN{SPI} I RS4B5.RXD | 33 34 I
I GPID19 | 35 36 | GPIO16
I GPI02 I GPios CAN.CS I CAN.NT | 37 38 | 6PI020 I
I j GPIO3 : CAN(SPI} | | 39 4o | GPID21 |
GPIO4 I | C 3 |
| ! 4 4
[ GPI05 | | |
I ID{12¢) I x% EEPROM_nWP GPIO6 I L L. GND
1D.9ct| =24 1p_sc GPIO7
| D.50Al 25410_sD GPIO8 ! S — I
I - GP109 | | Configuration switch EEECSWEELB?ETIQ |
I 12co{i12¢) GAM-6P100 L 97 fcam_cPI00 GPI010 I +3.3V I
I \2co.scH|Jﬂ scLo GPI011 A RS485{RS4B5} | P35 sw2 i
I 12C0.5pA| (82 sDAD GpIo12 3L Rb4BS.TXD I TestPoint TM5s1200215-HB2.0
| e i opi01s |28 RELB5.RXD i | . |
! I %261 uss_cc2 GPio14 [35 | GPIOLE | ' b7 3 o5 I
I I <24 uss_cct GPIO15 51—L Plo5 I I YELLOW LED ! |
- 29 | (PIO16 | 2|oo 1 [SH I
i I GPIO16 | | 2
I I %8 wi_nbisable 6pIo17 90| ¢POL ! | I
| I <2 BT_npisable 6pio18 (22— FIes | ANG14EWT 1 oND |
I ! ) e nRPIBOOT J I
I PWR_BUTTO [Jli PWR_BUTTON GPI020 2L Sioo1 I GND i
I nRPIBOOT, (251 nRPIBOOT GPI021 [23 Fios3 | S
I LED,Pw:d‘E PI_LED_nPWR GPI022 |48 5103 |
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