Demo EMS Logger License

The World Health Organization’s Immunization and Medical Devices - Performance Quality, and Safety group (WHO Copyright 2025 New Horizons, a division of Global Health Labs
IMD-PQS) has published a set of specifications collectively known as the Equipment Monitoring System (EMS). These

specifications define functionality for the next generation of cold chain equipment (CCE) monitoring solutions. The set This source (schematic, PCB layout, BOM, and other associated
contains three related specifications and their associated verification protocols files) describes Open Hardware and is licensed under the

CERN-OHL-P v2.
The Demonstration EMS Logger is a sample implementation of the WHO/PQS/E006/DL01 specification. That is, it

collects temperature, door opening, and power system data from the CCE and stores it for at least one year. It is You may redistribute and modify this documentation and make

intended to serve as a test of the specification and its verification protocol. During the design and evaluation process, products using it under the terms of the CERN-OHL-P v2

New Horizons has been looking for areas where the specification can be clarified. The device can also serve as a (https:/cern.ch/cern-ohl). This documentation is distributed

reference design for others implementing the DLO1 specification. WITHOUT ANY EXPRESS OR IMPLIED WARRANTY, INCLUDING
OF MERCHANTABILITY, SATISFACTORY QUALITY AND

Please refer to the description of the motivations and operation of the circuit, which should be part of the materials of this FITNESS FOR APARTICULAR PURPOSE. Please see the

package. If you did not receive these materials, the whole package may be downloaded from https://docs.2to8.cc. CERN-OHL-P v2 for applicable conditions.
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A
PCB Design Rules based on Royal Circuits DFM consultation: 50V
| . 5.0V M2M
* Created a room around the uC BGA which makes a class with just the uC in it. Called it LIN ('3—26 5.0V LDO SWItChE[, —_—
"FanoutRoom" and used it in other rules for fanout control. Note that the room and associated = - » 1.1 A limit output
class definition were created in the PCB editor, so every time you update from schematics, V) wide Vin J imi
you need to uncheck the "delete room" and "delete class" line items in the ECO or we will
lose the definition. Dla
* Created a clearance rule for objects within the fanout room for 3.25 mil spacing. In layout, 50V
we will try to space things 6 mils, but this rule allows for microvias clearances.
) i ) Level LDO, low Iq
* Note that | have retained an inner layer clearance rule of 10 mils from Sunstone's 18V

requirements, though we could go to 6 mils per Royal Circuits' capabilities table.

* Created a via rule within the fanout room with 5.1 mil hole through-hole and 12 mil pad
diameter, the smallest drilled hole Royal Circuits will do. Restrict this small via to fanout to
keep costs down. Through-hole vias outside the room are relatively easy to fab: 14 mil hole
and 32 mil copper.

* Created a microvia rule within the fanout room with 4 mil diameter hole and 8 mil copper,
the smallest Royal Circuits is comfortable with. Microvias outside the room are also 4 mils,
but have 12 mil copper to increase the annular ring.

* Changed the solder mask expansion rule from 4 mils to 2 mils, so that all footprints that
depend on the rule will use that expansion. Manually set ones will not.

* | changed the default component clearance rule from 10 mil to 4 mil (this change was not
communicated to Royal Circuits).
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Diodes remove reverse
current path through
e RetedlR el 3.3VLDO This output capacitor
reverse leakage should VBUS D1 PWR_GND  VIN ut PWR_GND shares double duty
be well under 1uA at 1 3.3V 200mA ; A
85C. Also, isolates 3 @ 1lvi Vout 2 @ e e R
: ' . in ou ' i
power input from 5V ngl the Ideal Diode as well.
different sources. T—N‘— EN N
] ) BAT54C GND c10
Separate diode pair for ~ 10V X5R 0608
enable input (EN) to VBUSl D8 2.2u
keep regulator in low T_N‘_
power state when even 5V LIN 8 CDOREN Che eND
though there will be 5 Ei%w 0402 19% bwr GlD vsys
back conduction ook —c9 >< @ T
throuah its pass FET. BATS54C 10V X7S 0402 # 2NS OTP3 VSYS runs the USB
u R1 TPSMD1mm  transceivers in the
MCU
ENI 716W 0402 Jumper o Mmm
0
. GND
i . Ideal Diode
FET based reverse polarity UL Comp lant PrOte_Ctlon Extremely low reverse
protection; FET has very UL requires redundant protection of battery for leakage current to avoid VSYS ranges
low leakage through gate potential reverse current. We layout three options charging battery (easier to from 2V at B
(good for battery life) due to part shortages and solution features. The spec than equivalent FET battery end of
Battery ‘test' is for a short of 0.5mm in size. So, itis circuit). life to 3.3V 1.8V LDO
sufficient to make sure that t_)oth prot_ectioq when USB i Ultra-low Iq always-on LDO
J4 X PWR_GI;II?F]'. 20V 38A VBAT PWR_GND PWR_GND components cannot be ngqmated with a single PWR_GND U2 plugged in ;_Bgv 200mA PWR_GND PWR_GND 1V8
& b d m.
YA | @ Doyl O osmmprobe |l =TynE Q v g | : v ERIAC Xopl @ | U
Bl J 15T I =8 R3 R10 R11 R13 TP SMD 1mn
T7-Tommdia . L|:|J EN N EN N EN N
1/16W 0402 1/16W 0402
| XDs = 0/ 6W 0402 Jumper 4 GND c13 GND c14 GND 15 O/ 6W 0402 Jumper
i 5 BITVS3.6VW6.3Velo, 10V 20% 120 TlOV X7R 0402 o~ MAX40203 10V X7R 0402 [ MAX40203 10V X7S 0402 ~ 10V X5R 0603 —
47u 0.1y 0.1u 1u 22u
CR123AJAUCH IB i/klaw 04021% ‘
3.0V ¢ \ GND GND
J N GND GND GND
GND
17-19mm dia PWR_GND GND
Low leakage ESD diode: - Alternate Power Path
Bidirectional to work with the d Low leakage PFET that is controlled
possible reverse polarity >< by VIN: when VIN is present, the FET
condition. < is turned off and IDSS current leaks
VBAT back to the battery; when VBUS is [
APIaced for DNS absent, the FET is turned on
R15 footprint
1/16W 0402 1% only.
100k VB1 TP6
VBAT
sense ———l T » o
DOORF * TPBLK
VBATPXAVEX§“EH | SENSE.VBAT_MEAS EN N N
= = SENSE.VBAT_MEAS TP53
VEA_LYIEAE A —C1p SMD 1mm —
AR 14#B\A 1 0402 10, N DNS
100K S | | LDO_EN
N
L
DNS DNS X
<~ -
< GND R16 $E7SMD 1
@ 1/16W 0402 1% Ll
= VBAT 8.2k DMG1013UW DMG2305U
° - SENSE.VBAT_MEAS rated for IDSS -100nA max -1uA max IDSS, however table &6
& 4 S11016X-T1-GE3 rated for IGSS -2uA max shows we should expect less than
i g R18 - L i i
2| = ﬂﬂ 5 VBl e O 16 Divider ratio is Graphs show likely leakages far lower. 100nA (i.e. how much current leaks } L
|;_;}L Jf:J_.l 10K 10V X7R0402  about 0.55: Even with these values, the battery back into battery) Licensed under CERN-OHL-P v2, see cover/connectivity page.| D
P G 0.1u 3.2V -> 1.758V life and protection should be OK. +/-100nA max IGSS (leakage we'll
- @ ‘ ‘ see from VSYS to GND Title:
VB2 AU SRlER ) Demo EMS Logger
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M C U I/O Table 4. Boot modes Bootloader ports:
U4A Boot mode selection USART2 on PA2-3
o Boot mode Aliasing 12C1 on PB6-7
BOOT! BOOTO
SENSE.DOORV EXTIO/SYS WKUPOHB | pa0 \uicup : : : 12C2 on PB10-11
lin SENSE.VBAT MEAS D BIAS G4 PAL TP10 x 0 Main Flash memory | Main Flash memory is selected as boot area 12C3 on PCO0-1
DATA OUT LIN.DATA OUT R117 Firmware names CU DBG UART TX USART2_TX G6 PA2 PD2 A3 OTP SMD 1mm 0 1 System memory System memory is selected as boot area USB on PA11-12
LIN DATA IN +—t 'gg\TA IN 1/16W 0402 1% OMIt"UART_". —|V(\:IUIDDBG UART RX USART2_RX 2573 PA3 1 1 Embedded SRAM1 | Embedded SRAM s selected as boot area SPI1 on PA4-7
s PWISS “LINNIS PWRD 100 VBAT MEAS FILT ﬁggi :“gg 6 Eﬁg 1. The BOOTI value is the opposite of the nBOOT1 Option Bit SPI2 on PB12-15
[ SENSE.VBAT _MEAS EN H5 PAG
L433 12C3 SCL 12C3 SCL(L433)H4 | /-
C3
usb . USB.DETECT 10VX7S0402  ( FLASH PWR nEN _} FLASH PWR _nEN E2
D?SE:TOEI\(IZI-\IF USB.DISCONN 1u FLASH PWR nEN LIN.DATA OUT USART1 TX E3 Eﬁg PGY Ad TP49 TP SMD 1mm
USB LT USB.nFLT LIN.DATA IN USART1 RX D2 PA10 PG10 B4 8 TP50 TP SMD 1mm
5N _USBD N USB.D N USB DMDL | a1y o M
= USB.D P GND USB.D P UsSB DP C1 Cc
o MCU_SWDIO | PGL2 5
TR TrE R SWDIO ~2 PAI3(JTMS-SWDIO) ~ PGI3 (—22 TP33 TP SMD 1mm
SWCLK PA14(JTCK-SWCLK)  PG14 TP34 TP SMD 1mm
SENSE.PWRV_nEN A2
PA15 (JTDI)
sense SENSE.DOORV
DOORV
DIOIR gEHgEEV?Ig\F;F EN DEBUG_LED J5
. n
CSENSES AT WY SEN SENSE.VBAT MEAS EN LIN.0IS PWRD EXTIL | oy
VBAT MEAS SENSE.VBAT MEAS ) SENSE.DOORF EXTI2 J3 PR2 - - 5
PWRF nEN ENSE.PWRF _nEN Called VBUS_DETECT in firmware. USB.DETECT EXTI3 A6 PB3 (JTDO/TRACE SWO) m m =
d 1433 12C3 SDA 12C3_SDA(L433) C6 | pgy (\jTRST) = 8 &
USER BUTTON EXTI5 C7 PBS o)
12¢( scL TEMPV_12C.SCL 12C1 SCL B7 PB6 -
This page contains an L476 in a WLCSP72 package, TEMPV 12C SDA TEMPV_12C.SDA 12C1 SDA A7 PB7 8
because that's what we could purchase. -
12C Pullups on LIN.CS
The pin/port choices support a number of different Sensors Sage USB.DISCONN E8 Egg < < < Buttons
STM32L4xx parts in LQFP64 & WLCSP72 packages, with 12¢( scL TEMPF 12C.SCL 12C2_SCL H3 PB10 1v8
the aim of minimizing firmware changes to support other TEMPE 12C SDA TEMPFE_I12C.SDA 12C2 SDAG3 | ppiy D12 W D3 W bu R30 -
partnumbers. For the most part we only use ports/pins MCU_SPI_FLASH.nCS SPI2_NSS H1 PB12 v \:\GRN o \:\YEL 9y \:\RED MCU BOOTO — TN_BOOTO 1 2
that are available on the LQFP48 & QFN48 packages as SPI ~gck MCU_SPI_FLASH.SCK SPI2_SCKH2 | 513 1/16W 0402 19
well. The exceptions are: MCU SPI ELASH CIPO MCU_SPI_FLASH.CIPO SPI2 MISO G2 | o5ty R44 R46 R116 R31 1k D4 g 4
1) The 48-pin packages don't have port PC04, so the USB CoplI MCU_SPI_FLASH.COPI SPI2 MOSIGL | pgy5 1/16W04021% | [1/16W04021% | [1/16W 0402 1% 1/16W 0402 1% Vs3evweove oo
faultcannotbe connected. hCs 100 100 100 100k TP20)—- JNATERNAE
2) Some part numbers that do not come in 48-pin TP SMD 1mm
packages do not have 12C3 available on PA07 and PB04, L476 _12C3_SCL 12C3_SCL (L476) F9 PCO
and so we have to use PC00 and PCO1 for [2C3. L476 _12C3 SDA 12C3_SDA(L476) F8 PC1 GND GND GND A
il
% PC2
For the resistor choices below: TPSMD 1mm TP13 7 | bc3
* 433, L443, L452, & L462: bottom resistor pair uses the TPSMD 1mm TP14 USB.NFLT jg PCA GND
48-pin compatible ports, though the upper resistors can be
useF()j on 64-pin packages. UPENDIY Uil %3 Egg PHO-0SC IN D9 LEDO MCU_nRST ,—|R32 TN_nRST 1 S2 2
*L475, L476, & L486 must use the upper resistor pair. TPSMD tmm TP19 (O 1 pcy PH1-0SC OUT —28 LED1 I_|1/16W 0402 19 —-—
* 496 & L4A6 have only big packages, but can use either - MCU's nNRST 1K o5 3 SPSTNS 4
resistor pair. TP SMD 1mm TP43 2 pcs has internal s3evwaave T
TPSMD 1mm TP44 PC9 ullu TP21 ’ :
Note that 433, L443, L452, and L476 have been checked TP oMD T TPas D3 | ncro pullup T SMD 1mm
carefully. The others listed above should be checked TPSMD 1mm TP46 €3 | pont GND
carefully before using. It may also be possible to use the TPSMD 1mm TP47 B3 PC12
LQFP48 and LQFP64 packages of L4Pxx, L4Qxx, and SENSE.PWRF nEN EXTI13/SYS_WKUP2 B8 PC13
L5xx, butl haven'tchecked those. X32_IN 0SC32 INC9 | ©nis 05c32 IN NRST E2 MCU_nRST
Y1 0SC32_ 0UT C8 | PC15-05C32 OUT BOOTO D7 MCU_BOOTO GND S3
See the sbreadsheet MCU pinout R1.0.xIsx. 1M.2 K32 OUT - R33
1L USER_BUTTON — TN _USER 1 / 2
32768 STM32L476JEY6TR L
1/16W 0402 19 MNT }
120( scL ~TEMPA 12C.SCL R97 —— 0 L476 12C3 SCL ——co6 20ppm12.5pE=co7 Use GPIO T P o
TEMPA 12CSDA_ | R51 == 0 L476 I12C3 SDA 50V COG 0402 50V COG 0402 internal pullu SPST-NO
< TEMPA_I2C SDA | o > = puflup P22 TVS3.6Vw8.9Ve
; E L433_12C3_SDA —
TP SMD 1mm
GND GND In the event we want nRST GND
connected between the
debug probe and the MCU.
MCU _nRST GND
Debug Console
DNS§
HW ID  hw ipmethod Debug Port Us U1a
Take ADC code and shift it down to 5 bits (0 - 1v8 SWDIO 1 CHL NCL 10/ DBG _UART RX R35—— 475 MCU DBG_UART RX X | NCL  CH1 1 D TX R36—— 475 MCU_DBG _UART TX
ID_BIAS 63); the resulting number is the HW_ID. SWCLK 2 CH2 NC2 9 SWDIO R37—=—= 47.5 MCU_SWDIO D_RX NC2  CH2 2 D RX R38—= 47.5 MCU DBG_UART RX
Bottom resistor is chosen to create a divider DBG_UART_TX 4] i3 No3 1 SWCLK R3! 475 MCU_SWCLK L NC3 OH3 L2 ; é —
ratio of (HW_ID+0.5) / 64. R34 DBG_UART _RX 5 CH4 NCa 6 DBG_UART _TX R40—=— 47.5 MCU_DBG_UART_TX 6 | NC4 CH4 | 5
For example, tosetaHW_ID of 2: o 3] GND GND 8 — 8 GND GND 3
(2+0.5) / 64 = 0.039 7
(0.039/(1-0.039)) * 10k = 406.50hms 1 VDD PUSB3FA1Z PUSB3FA1Z
Pick the closest E96 (or available) value -> 2 SWDIO ‘ [ ] . GND GND GND
402 D9 3 RESET 2 v Title:
1/16W 0402 1% TVS36YWBIVE 4 | o0 . 9 . GND GND Demo EMS Logger
402 Rbot=240->HW_ID=1 5] GND 5 6
Rbot =402 ->HW_ID =2 6 SWO ([ N J Size: Sheet: Revision:
GND ARM-CTX i . B MCU 2.1
47 TC2030 Licensed under CERN-OHL-P v2, see cover/connectivity page. [Date 6/3/2025 | Sheet 4 of 11 Drawnby: _Rod Hinman
GND GND File: MCU.SchDoc

1 2 ‘ 3 4 B 6




PWR_GND
@ MCU Power
AT T o T oo !
1v8 [ B2 I C17
DNS VDD MCU 24 VDDA | &
i = 0G5 ¢ A
R21 0.65 Ohm 200mA I 10V X7R 0462
i
1/16W 0402 Jumper i 0.du
0 3 U4B
i
S N N N S ﬁg VREF+ o
——C18 ——C19 ——C20 ——C21 ——C22 VDDA VSSA/VREE-
i
3 4.7u 0.1u 0.1u 0.1u 0.1u
i
i J 19
| N 5] VDD Vss —5
VBUSGND s S B xggloz ¥§§ Bl
} L AY | vDD vss 28
! e oo available only if
1 1HOW0ARI RS is present VDDUSB  oog
i
i Z 1 {1 AL | \bpUSB "4
! % 0 GND
I 3904 R29 Bé)
! 1 — VBAT
i 0
I
L i STM32L476JEY6TR
——C24 ——C25 )
R28 and R29 retained to allow
y 0.1u filtering or reconfiguration.
GND

Licensed under CERN-OHL-P v2, see cover/connectivity page

Title:
Demo EMS Logger
Size: Sheet: Revision:
B MCU Power 21
Date: 6/3/2025 | Sheet 5 of 11 Drawn by: Rod Hinman
File:  MCU_Power.SchDoc




PWR_GND
DS CP VDD_FLASH
—
R71
1/16W 0402 Jumper
0
TP31
TP SMD 1mm 19%
Q7
[ FLASH_PWR_nEN H}P-CH 20V 820mA
(Q)SPI Flash
—()PWR_GND
u12
2GS vee 28
R78 SCK
M 5 ne
>~ COPI/SIO0 T35
3 CIPO/SIOL 7 10V X7R 0402
> WP/SIo2 PAD — 0.1u
P23 HOLD/RST/SIO3  GND
1Gb SPI
W25NO1GWZEIG e
GND
TP38 TP SMD 1mm
TP39 TP SMD 1mm
TP40 TP SMD 1mm
oy - MCU_SPI FLASH.SCK R79 —— 33
CU_SPI_FLASH.CIPO RS0 ——
I SPLALAS S MCU _SPI_FLASH.COPI R8L =
CU_SPI_FLASH.NCS R82 ——

nCS
OTP4L
TPSMD 1mm

Licensed under CERN-OHL-P v2, see cover/connectivity page.
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LIN/MODBUS

LIN signal voltage range: 5.0 Vto 27.0 V, and
MCP2003 supply range 6.0 Vt0 27.0 V.

If powering from aregulated 24 V supply, you can
the omit voltage protection components.

If powering from PV where Vpv > 27 V, use
voltage protection components and omit R76 to
work with up to 72-cell modules (58 V).

PWR_GND PWR_GND PWR_GND
@ D14 @ LIN_VBATC @
K a T | |
2l FB6
BAS16GWJ
R75
10
2.5W FUSE
7 c1
5V regulator PWR_GND (D) | o
TP11 R76
Use NXP NTS0104 (or equivalent Texas P SMD 1mm I:IO
Instruments TXS0104) because the RXD signal PWR_GND U6 PWR_GND GND
has a pull-up resistor, and these "S" variants of the 5V_LIN @ NCV78MO05BDTRKG @ LIN_VBB
level shifters are su i -ups. . 3 1
pposed to work with pull-ups, ouT % IN
[0}
c34 < =2
V8 Res 10V X7R 0402 1
T 1o 0.1u
'o—' DNS )
GND D16 GND Voltage Protection
TP SMD 1mm C33 GND BAS16GWJ
TPSMD 1mm TP29 TP28 10V X7R 0402 R77
O 0.1u I:I R84
2 u 4.75k U8 []1000
lin GND VCCA =< vCCB 8 VREN VBB 7 LW 2512 1% 1| PowerfromCmpr
LIN.DATA OUT R65—— 0 2 13 LIN TXD 1 6 LIN_BUS R85 —— 0 — ) LIN_BUSC Data
DATA_OUT S Al Bl TXD LBUS 2
= LIN.DATA_IN R67—— 0 3 12 LIN_RXD 1 TAre L3 Common Ground
LIN DATA_IN A2 B2 RXD WAKE FB8 3
s LIN.CS R86 —=—0 4 A3 B3 11 LIN_CSHV 2 cs VSS 5 -
nlS_PWRD LIN.nIS_PWRD ; 55 A B4 ég 2 paD 2 ; o LINALS J10
NC —= L ’
TP25 NG 6 9 MCP2003-E/MD =c5
TP SMD 1mm 8 7 C 100 E 5V
OE GND Z P
GND —
NTS0104PW,118 g L d>
GND =X FB7
m PWR_GND
LS GND
1v8 — 'Rﬂ' TP26
; < T
— 1/16W 0402 1% TP SMD 1mm
R69 33k
1/16W 0402 1%
100k eND
O—I ¥
6 | Only insert one MCP2003 LIN interface; two
TP30 3904 TI6W 0402 1% RO8 packages options provided.
TP SMD 1mm 10k 100k
VREN is not needed, and is effectively NC.
GND NoDRC on pin 1 because there are two driving
GND sources (unless one DNI).

WAKER is pulled up internally. Test point provided
in case we need to pull it down to wake. - -

P Licensed under CERN-OHL-P v2, see cover/connectivity page.
R84 1K 1W pull-up for LIN bus master.
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Onboard Ambient Temp Sensor Options (insert 0 or 1)
VDD_TEMPV
VDD_TEMPV
R19 [ ]R20 R50
1/16W 0402 1% e
12¢ (SGL 2740 12140 1evpy pcscL 100 Bl [, scL A3 TEMPV lacscL 7b 12C Address with
TEMPV 12C SDA TEMPV_I2C.SDA SpA | B3 TEMPV I12C.SDA R83 ADDL1 connected to VSS
< _12Cc 0 has same dependency
TP SMD 1mm TP8 =—C29 A2 TEMP_ADD1 n ADDO as TMP117:
E i DS ALERT/ADD1 0 :
TPSMD 1mm  TP9 GNDQ — —y VR AL Gp - Appo [E2 ) 0b100 1000 : GND
VDD_TEMPV f—i du ASE202ZAWIES 0b100 1001 : V+
N 0b100 1010 : SDA
GND Stuff One 0b100 1011 : SCL
Stuff One TEMP_ADDO
WR_GND PWR_GND GND .
1va = o = VDD TEMPV 7b 12C Address depends With ADD1 connected to
T DNS @ S % D q) T R59 on ADDO bit SCL, address depends
'R45 ~ -L;[ AR mmoz 1 0b1001000 : GND on ADDO connection:
R4T 475 0b1001001 : V+ 0b100 0100 : GND
1/16W 0402 Jumpe} |1/16W{0402 1% 0b1001010 : SDA 0b100 0101 : V+
0 1MP-GH 20 b'O\T]S\ 0b1001011 : SCL 0b100 0110 : SDA
0b100 0111 : SCL
“Note thatth
ote that the
SENSERWRVATEN PUSB3Fxxx ESD
devices are
snap-back devices, B3
e PWR_GND o VD) TTEVER hence the explicit .49 Ohm 350mA i
T DS CP s+ D T Selesiesislance | (D)PwR_oND Vaccine Temp Sensor (Offboard)
'R54 ~ -L;[ 1 — u10 VAX_VDD 1| PowertoVaxTemp Sensor
R56 VAX VDD 1 [ o o 10 5| Common Ground 7b 12C Address:External
T/16W 0402 Jumpe}_[1/16W]0407 144 gg]*—| i;-g Eg“—' xﬁi ggf‘ i CH2 NC2 3 xﬁ; ggf‘ 3 'gc SDAffOTVaX sensors should have ADDO
0 IMP-CH 20V gt TSP VAXSCL 4 Cus NG3 4 12CSCLforvax Grounded and ADD1/Alert
0.49 Ohm 350mA g G0 NGOG o 2 connected to SCL, so:
END EHIw A4 001000100 = 0x44
SENSE.PWRF_nEN PWR_GND (DA PUSB3FALZ GND
VDD_TEMPF
GND GND
VDD_TEMPF RET— a5 B
R23 [ JR24 L/16W 040219049 Ohm 350mA Freezer Temp Sensor (Offboard)
4,75k T 4.75k FRZ VDD T Power to Freezer Temp Sensor
126 SCL : " TEMPF_12C.SCL 0.49 Ohm 350mA u15 — 15| common Ground
TEMPE 126 DA TEMPF_I2C.SDA ] R88—— 47.5 FB12 —— FRZ_SDA 15— 10 FRZ_SDA 3| 12C SDAfor Freezer
<_TEMPE I2C | R89—= 475 FB13 —— FRZ_SCL Al an N B FRZ SCL 4| 12CSCLfor Freezer
TPSMD 1mm TP15 = e 41 5h5 Nea LT " |
TPSMD 1mm TP17 5 | G noa B J13
3 | GND GND 2 =
sense DOORV SENSE.DOORV R66 —— 475 FB17 —— DOORV C DOORV C 1 Vaccine Door Sensor
SE.DOORF R68__—= 47.5 FB18 —— DOORF_C PUSB3FALZ Commond Ground
DOORF 'T SE.PWRV nEN L — 7 —12 No connect D00r SenSOF(S)
SENSE PWRV_nEN 0.49 Ohm 350mA 3
VBAT_MEAS EN + DOORF C 4| FreezerDoor Sensor
VBAT MEAS - TPSMD 1mm TP35 GND GND 5| Common Ground
= SENSE.PWRF_nEN TPSMD 1mm TP36 '
PWRF_nEN i
VDD _TEMPF N
GND
VDD TEMPE RYI 475 FB14 —— AMB_VDD AMB_VDD \ Power to Ambient Temp Sensor
R91 [R92 = TI6W 0402 1% — Common Ground Opti | Offb d Ambi
d% ohm 3som AMB_SDA 12C SDA for Ambient ptiona oard Ambpient
PWR_GND u17 AMB_SCL 12C SCL for Ambient :
12¢( scL T4 Temea zcscl L2 [ chi  nor L0 7/ Ambient Temp Sensor
TENEIA e o TEMPA_I2C.SDA ]  R93— 475 FB15 —— AMB_SDA Al En e [
- [__R94— 475 FB16 —— AMB_SCL 4] i3 nes LT
TPSMD 1mm TP24 = e 3l Fn e B
TPSMD 1mm TP37 0.49 Ohm 350mA 3 5< GND Title:
—— GND GND itle:
Demo EMS Logger
PUSB3FA1Z
Size: Sheet: Revision:
GN:D GND B Sensors 2.1
Licensed under CERN-OHL-P v2, see cover/connectivity page. Date: 6/3/2025 | Sheet 8 of 11 Drawnby: Rod Hinman
File: Sensors.SchDoc
1 2 3 4 5 6




VBUS overvoltage protection triggered when Vin > (Rx/Ry +
1) * Vbus_ctrl.
Data sheet shows 1.20 V <= Vbus_ctrl <= 1.34 V (nominal VBUS
1.25 V), so with 1% resistors included (but most of the
variation is from the IC) TP1
: TP SMD 1mm
4.29V <= VBUS OVP <= 6.33 V (nominal 5.8V) P2
) ) TP SMD 1mm
Capacitors not needed on CCxc because not using power
delivery, see datasheet.
USB-C with usSB GND
2.0 signals
only
il PWR_GND FB1 PWR_GND PWR_GND
vBUS |-A4 B9 q) 95mOhm 1.5A q) Q12 @ VBUS
vBus | B4A9 USB_CONN_VBUS ) — ] VBUS_FILT D[4 s T
— 1521
b1 AT USB_CONN_D N == USB D19 l l D18 =T Q13 VDDUSB
Dpy |6 USB_CONN_D_P USB ESDAZEP35-1U1M c7 %87 RIS BAT54C P-CH30V3.8A RS
50V X7R 0402 U] Juew 0402 1% STU6N3LLHG R22 1/16W 0402 1%
DN2 gé GND2 0000p 10k 1/16W 040
2 Tv GND GND GND “ 100k
cc1 A5 CClc o [ 68 =—C6 U18
coo B CC2 I:IRgG 501v X7R 060 2 IN_GD GATE i
0, Adu | 9
seu1 A _} —F 3/714%W0402 1% VBUS_CTL sousgg 2 —_— W 0402 1%
S1 B%i GND 7 == [10] jhdd
57 SHIELD sBU2 g CClc DB R27
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As-built: keep VCC/DB\ low so "dead battery"
—_c1u =_= USB_USBESDDN FBQ—— DN USB == R8§ —— 0 USBD N USB =C= € EV S EES [FESEiC S5E,
USB_USB ESDD P FBIS— D P USB RO —= 0 USBD P___USB ) .
gol\é PR O =y — Option: remove R27 and insert R26:
P m35um MCU keeps VCC low (pulled down through
A4 DB)), except to signal USB-C disconnect by
GND raising it.
Note pin 5 of D2 is VDDUSB gets pulled to 3.3V when VBUS is
disconnected because present, so PB09 = USB.DISCONN does get
it won't survive 20V For future revisions: pulled above 1.8V. Itis a 5V tolerant pin, so
from power delivery ~ memmememememeeeee should be OK.
applied, but D19 will. FB9 and FB10 slow data signal rise
times so that they are outside the
USB Full Speed specification (but ) o
still work with most USB hosts). Licensed under CERN-OHL-P v2, see cover/connectivity page.
Future revisions should consider —
. R Title:
changing to a single common-mode Demo EMS Logger
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common-mode filter and ESD e 5 USG:BI eviston: -
protection device. —
Date: 6/3/2025 | Sheet 9 of 11 Drawn by: Rod Hinman
File: USB.SchDoc

1 2 3 4 B 6




4 5 6
Power from LIN bus
LIN_VBATC
F1
2920L100PR
5V regulator Current Limiting Switch M2M power out
Common Ground
D10
B150-13-F u19 M2M_BST
50V 1A 1 (R eaT PWR_GND % PWR_GND
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—=—C30 C31 C32 C36 1/16W 0402 1% sw | M2M 5V _MID 1 IN ouT 6 M2M 5V _OUT —
50V X7R 120p 50V X7R 12080V X7R 12060V X7R 1206 100k R100 R101 R105 +C37 FB190
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1
' ' ' FB20
V% UVLO:5.2/6.13V Setpoint5.12 V retry delay ~700 msec llim1.1A
GND Datasheet's recommended R105 & R106 for trim.
layout connects NC to SW to
facilitate connecting SWto
inductor and BST capacitor.
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CHANGE HISTORY

REV DATE BY DESCRIPTION OF CHANGE

01 2022-08-12 Rod Hinman Initial Release (note manufacturing files produced 2022-07-22; subsequent changes documentation only).
02 2023-12 Rod Hinman Added M2M Power output.

02.1 2025-05-20 Rod Hinman License info and other documentation for open sourcing.

Licensed under CERN-OHL-P v2, see cover/connectivity page.
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