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Demo EMS Logger License
The World Health Organization’s Immunization and Medical Devices - Performance Quality, and Safety group (WHO 
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 
contains three related specifications and their associated verification protocols

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 
intended to serve as a test of the specification and its verification protocol.  During the design and evaluation process, 
New Horizons has been looking for areas where the specification can be clarified.  The device can also serve as a 
reference design for others implementing the DL01 specification.

Please refer to the description of the motivations and operation of the circuit, which should be part of the materials of this 
package.  If you did not receive these materials, the whole package may be downloaded from https://docs.2to8.cc.

Copyright 2025 New Horizons, a division of Global Health Labs

This source (schematic, PCB layout, BOM, and other associated 
files) describes Open Hardware and is licensed under the 
CERN-OHL-P v2.

You may redistribute and modify this documentation and make 
products using it under the terms of the CERN-OHL-P v2 
(https:/cern.ch/cern-ohl). This documentation is distributed 
WITHOUT ANY EXPRESS OR IMPLIED WARRANTY, INCLUDING 
OF MERCHANTABILITY, SATISFACTORY QUALITY AND 
FITNESS FOR A PARTICULAR PURPOSE. Please see the 
CERN-OHL-P v2 for applicable conditions.
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2.1Overview / General Info

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

PCB Design Rules based on Royal Circuits DFM consultation: 
------------------------------------------------------------------------ 
* Created a room around the uC BGA which makes a class with just the uC in it. Called it 
"FanoutRoom" and used it in other rules for fanout control. Note that the room and associated 
class definition were created in the PCB editor, so every time you update from schematics, 
you need to uncheck the "delete room" and "delete class" line items in the ECO or we will 
lose the definition. 

* Created a clearance rule for objects within the fanout room for 3.25 mil spacing. In layout, 
we will try to space things 6 mils, but this rule allows for microvias clearances. 

* Note that I have retained an inner layer clearance rule of 10 mils from Sunstone's 
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. 

* I changed the default component clearance rule from 10 mil to 4 mil (this change was not 
communicated to Royal Circuits).
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2.1Power

GND
GND

Vin1

GND

2

EN3 NC 4

Vout 5
U2

MAX40203

0

R10

47u

C12
10V 20% 1206

i
PWR_GND

i
PWR_GND

D3

1

S 2

Q1
P-CH 30V 3.8A

Vin1

GND

2

EN3 NC 4

Vout 5

U3
1.8V 200mA

0

R11

2.2u

C15
10V X5R 0603

GND
GND

1u

C14
10V X7S 0402

GND

0.1u

C13
10V X7R 0402

J4

17-19mm dia

J5

17-19mm dia

i
PWR_GND 1V8

TP5
TP SMD 1mm

1k

R14
1/16W 0402 1%

i
PWR_GNDVBAT

100k

R17
1/16W 0402 1%

GND

100k

R15
1/16W 0402 1%

VBAT

GND GND

8.2k

R16
1/16W 0402 1%

Divider ratio is 
about 0.55:
3.2V -> 1.758V
2.0V -> 1.099V

TP7
TP SMD 1mm

S1
1

2

D
2

3
S2

4

5

D
1

6

Q2
DUAL N/P 20V

0.1u

C16
10V X7R 0402

Low leakage ESD diode; 
Bidirectional to work with the 
possible reverse polarity 
condition.

FET based reverse polarity 
protection; FET has very 
low leakage through gate 
(good for battery life)

Battery Measurement with alt. packages

UL Compliant Protection

1.8V LDO

Extremely low reverse 
leakage current to avoid 
charging battery (easier to 
spec than equivalent FET 
circuit).Battery

Ultra-low Iq always-on LDO

10k

R18
1/16W 0402 1%

VSYS ranges 
from 2V at 
battery end of 
life to 3.3V 
when USB is 
plugged in

CR 123 A JAUCH IB

B1

3.0V

21

J3
1x2 0.1in

JP2
jumper

0

R13

1/16W 0402 Jumper

DNS
i

PWR_GND

21

J2
1x2 0.1in

0

R12

1/16W 0402 Jumper

DNS
i

PWR_GND

JP1
jumper

D3
BiTVS 3.6Vw 6.3Vc

Alternate  Power Path
Low leakage PFET that is controlled 
by VIN: when VIN is present, the FET 
is turned off and IDSS current leaks 
back to the battery; when VBUS is 
absent, the FET is turned on

300k

R2
1/16W 0402 1%

DMG2305U
-1uA max IDSS, however table 
shows we should expect less than 
100nA (i.e. how much current leaks 
back into battery)
+/-100nA max IGSS (leakage we'll 
see from VSYS to GND)

GND
GND

Vin1

GND

2

EN3 NC 4

Vout 5
U16

MAX40203

0

R3

0.1u

C4
10V X7R 0402

DNS

D7

30V 200mA

DNS

Ideal Diode
UL requires redundant protection of battery for 
potential reverse current.  We layout three options 
due to part shortages and solution features.  The 
'test' is for a short of 0.5mm in size.  So, it is 
sufficient to make sure that both protection 
components cannot be eliminated with a single 
0.5mm probe.

300k

R118
1/16W 0402 1%

D S
Q9

P-CH 20V 820mA

D S
Q8

P-CH 20V 820mA

DNS

DMG1013UW
rated for IDSS -100nA max
rated for IGSS -2uA max
Graphs show likely leakages far lower.  
Even with these values, the battery 
life and protection should be OK.

VBAT

GND

TP53
TP SMD 1mm

2
1

J17

1x2 0.1in

TP6

TP BLK

i
PWR_GND

2.2u

C10
10V X5R 0603

GND
GND

1u

C9
10V X7S 0402

GND

i
PWR_GND

Vin1

GND

2

EN3 NC 4

Vout 5

U1
3.3V 200mA

TP3
TP SMD 1mm

TP4
TP SMD 1mm

GND

VSYS

3.3V LDO

VSYS runs the USB 
transceivers in the 
MCU

21

J16
1x2 0.1in

JP9
jumper

0

R1

1/16W 0402 Jumper

DNS

3
1

2

D1

BAT54C

This output capacitor 
shares double duty 
bypassing the output of 
the Ideal Diode as well.

VINVBUS

3
1

2

D8

BAT54C

VBUS

Diodes remove reverse 
current path through 
LDO--expected typical 
reverse leakage should 
be well under 1uA at 
85C. Also, isolates 
power input from 
different sources. 

Separate diode pair for 
enable input (EN) to 
keep regulator in low 
power state when even 
though there will be 
back conduction 
through its pass FET.

S1
1

2

D
2

3
S2

4

5

D
1

6

SI1016X-T1-GE3
Q10

GND

VBAT

VB1

V
B2

VB2

V
B1

VB1

5V_LIN

5V_LIN

DOORV
DOORF

PWRV_nEN
VBAT_MEAS_EN

VBAT_MEAS
PWRF_nEN

sense

SENSE SENSE.VBAT_MEAS_EN
SENSE.VBAT_MEAS

SENSE.VBAT_MEAS

100k

R49
1/16W 0402 1%

i
PWR_GND

i
PWR_GND

LDO_EN

LDO_EN

DNS

TP12
TP BLK

47u

C23
10V 20% 1206

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

Placed for 
footprint 
only.
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PIC401 
PIC402 

COC4 

PIC901 
PIC902 

COC9 

PIC1001 
PIC1002 COC10 

PIC1201 
PIC1202 

COC12 PIC1301 
PIC1302 

COC13 PIC1401 
PIC1402 

COC14 
PIC1501 
PIC1502 COC15 

PIC1601 
PIC1602 

COC16 

PIC2301 
PIC2302 

COC23 

PID101 

PID102 

PID103 

COD1 

PID301 

PID302 
COD3 

PID70A PID70K 

COD7 

PID801 

PID802 

PID803 

COD8 

PIJ201 PIJ202 

COJ2 

PIJ301 PIJ302 

COJ3 

PIJ401 

COJ4 

PIJ501 

COJ5 

PIJ1601 PIJ1602 

COJ16 

PIJ1701 

PIJ1702 

COJ17 

COJP1 
COJP2 

COJP9 

PIQ101 

PIQ102 PIQ103 

COQ1 

PIQ201 

PIQ202 

PIQ203 

PIQ204 

PIQ205 

PIQ206 
COQ2 

PIQ80D 

PIQ80G 

PIQ80S 

COQ8 
PIQ90D 

PIQ90G 

PIQ90S 

COQ9 

PIQ1001 

PIQ1002 

PIQ1003 

PIQ1004 

PIQ1005 

PIQ1006 COQ10 

PIR101 PIR102 

COR1 

PIR201 

PIR202 

COR2 

PIR301 

PIR302 

COR3 
PIR1001 

PIR1002 

COR10 
PIR1101 

PIR1102 

COR11 
PIR1201 PIR1202 

COR12 
PIR1301 PIR1302 

COR13 

PIR1401 

PIR1402 

COR14 

PIR1501 

PIR1502 

COR15 

PIR1601 

PIR1602 

COR16 

PIR1701 

PIR1702 

COR17 

PIR1801 

PIR1802 

COR18 

PIR4901 

PIR4902 

COR49 

PIR11801 

PIR11802 

COR118 

PITP301 
COTP3 

PITP401 
COTP4 

PITP501 
COTP5 

PITP601 

COTP6 

PITP701 
COTP7 

PITP1201 

COTP12 

PITP5301 
COTP53 

PIU101 
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PIU103 PIU104 

PIU105 

COU1 

PIU201 

PIU202 
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PIU205 

COU2 
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PIU303 PIU304 

PIU305 

COU3 

PIU1601 

PIU1602 

PIU1603 PIU1604 

PIU1605 

COU16 
PIJ302 
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PID102 
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PIC1002 

PIC1201 PIC1301 PIC1401 PIC1502 

PIC1601 
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PID301 

PIJ501 

PIJ1701 

PIJ1702 

PIQ201 

PIQ1001 

PIR1402 

PIR1702 

PIR1802 

PIR4902 

PITP401 

PITP601 

PITP5301 

PIU102 

PIU202 PIU302 PIU1602 

PID803 

PIR202 

PIR4901 

PIR11802 

PIU103 

NLLDO0EN 

POSENSE POSENSE POSENSE POSENSE 

PIC402 

PID70A 

PIJ202 

PIQ90D 

PIR301 

PIR1202 

PIU1601 

PIC1001 

PIC1402 

PIJ1601 

PIQ80S 

PIR101 

PIR1101 

PIU105 

PIU205 PIU301 

PIC1302 

PID70K 

PIQ80D PIQ90S 

PIR1001 PIU201 PIU1605 

PIC1501 

PIJ301 

PIR1301 

PIU305 

PID302 

PIJ401 PIQ103 
PITP1201 

PIQ101 
PIR1401 

PIQ80G 
PIR201 

PIQ90G 
PIR11801 

PIR302 
PIU1603 

PIR1002 
PIU203 

PIR1102 
PIU303 

PIU104 

PIU204 PIU304 PIU1604 

PIC1602 

PIR1602 

PIR1801 

PITP701 

NLSENSE0VBAT0MEAS 

POSENSE 
PIQ202 

PIQ1002 

PIR1701 

NLSENSE0VBAT0MEAS0EN POSENSE 
PIQ205 

PIQ206 

PIQ1005 

PIQ1006 

PIR1502 

NLVB1 

PIQ203 

PIQ1003 

PIR1601 

NLVB2 

PIC1202 PIC2302 

PIJ201 
PIQ102 

PIQ204 

PIQ1004 

PIR1201 

PIR1501 

PID101 

PID801 

PIC902 

PID103 PIU101 

PIJ1602 

PIR102 

PITP301 

POSENSE POSENSE0DOORF POSENSE0DOORV POSENSE0PWRF0nEN POSENSE0PWRV0nEN POSENSE0VBAT0MEAS POSENSE0VBAT0MEAS0EN 
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2.1MCU

PA0-WKUPH8

PA1G4

PA2G6

PA3H7

PA4G5

PA5H6

PA6H5

PA7H4

PB0J5

PB1J4

PB2J3

PB10H3

PB11G3

PB12H1

PB13H2

PB14G2

PB15G1

PA8E2

PA9E3

PA10D2

PA11D1

PA12C1

PA13 (JTMS-SWDIO)C2

PA14 (JTCK-SWCLK)B2

PA15 (JTDI)A2

PB3 (JTDO/TRACE SWO)A6

PB4 (NJTRST)C6

PB5C7

PB6B7

PB7A7

PB8E7

PC13B8

PC14-OSC32_INC9

PC15-OSC32_OUTC8 NRST E9

PC0F9

PC1F8

PC2F7

PC3G7

PC4J7

PC5J6

PC6F3

PC7F1

PC8F2

PC9E1

PC10D3

PC11C3

PC12B3

PD2 A3

PG9 A4

PG10 B4

PG11 C4

PG12 C5

PG13 B5

PG14 A5

PH0-OSC_IN D9

PH1-OSC_OUT D8

BOOT0 D7

PB9E8

U4A

STM32L476JEY6TR

1 2

32768

Y1

20ppm 12.5pF

15p

C27
50V C0G 0402

15p

C26
50V C0G 0402

GNDGND

MCU_BOOT0
MCU_nRST

MCU_SWDIO
MCU_SWCLK

EXTI0/SYS_WKUP0 

USART2_TX 
USART2_RX 

ADC1_IN09 
ADC1_IN10 

I2C3_SCL (L433) 

USART1_TX
USART1_RX 

USB_DM 
USB_DP 

SWDIO 
SWCLK 

EXTI1 
EXTI2 
EXTI3 

I2C3_SDA (L433) 
EXTI5 

I2C1_SCL 
I2C1_SDA 

I2C2_SCL 
I2C2_SDA 
SPI2_NSS 
SPI2_SCK 

SPI2_MISO 
SPI2_MOSI

I2C3_SCL (L476)
I2C3_SDA (L476)

EXTI13/SYS_WKUP2 
OSC32_IN 

OSC32_OUT

This page contains an L476 in a WLCSP72 package, 
because that's what we could purchase. 

The pin/port choices support a number of different 
STM32L4xx parts in LQFP64 & WLCSP72 packages, with 
the aim of minimizing firmware changes to support other 
part numbers.  For the most part we only use ports/pins 
that are available on the LQFP48 & QFN48 packages as 
well. The exceptions are:
1) The 48-pin packages don't have port PC04, so the USB 
fault cannot be connected.
2) Some part numbers that do not come in 48-pin 
packages do not have I2C3 available on PA07 and PB04, 
and so we have to use PC00 and PC01 for I2C3. 

For the resistor choices below: 
* L433, L443, L452, & L462: bottom resistor pair uses the 
48-pin compatible ports, though the upper resistors can be 
used on 64-pin packages. 
* L475, L476, & L486 must use the upper resistor pair. 
* L496 & L4A6 have only big packages, but can use either 
resistor pair. 

Note that L433, L443, L452, and L476 have been checked 
carefully. The others listed above should be checked 
carefully before using. It may also be possible to use the 
LQFP48 and LQFP64 packages of L4Pxx, L4Qxx, and 
L5xx, but I haven't checked those. 

See the spreadsheet MCU_pinout_R1.0.xlsx.

FLASH_PWR_nEN

MCU_DBG_UART_TX
MCU_DBG_UART_RX

MCU_SPI_FLASH.SCK
MCU_SPI_FLASH.CIPO
MCU_SPI_FLASH.COPI

MCU_SPI_FLASH.nCS

HW_ID

FLASH_PWR_nEN

TP13TP SMD 1mm
TP14TP SMD 1mm
TP16TP SMD 1mm

USB.D_N
USB.D_P

TP19TP SMD 1mm

MCU I/O

TEMPF_I2C.SCL
TEMPF_I2C.SDA

TEMPV_I2C.SDA
TEMPV_I2C.SCL

ID_BIAS

TP43TP SMD 1mm
TP44TP SMD 1mm
TP45TP SMD 1mm
TP46TP SMD 1mm
TP47TP SMD 1mm

TP10
TP SMD 1mm

LIN.nIS_PWRD

TP49 TP SMD 1mm
TP50 TP SMD 1mm

100

R117
1/16W 0402 1%

1u

C3
10V X7S 0402

GND

VBAT_MEAS_FILT

USER_BUTTON

DEBUG_LED

CIPO
COPI

SCK

nCS

SPI

MCU_SPI_FLASH

VDD1

SWDIO2

RESET3

SWCLK4

GND5

SWO6

ARM-CTX

1 2
3 4
5 6

J7

TC2030

D9
TVS 3.6Vw 8.9Vc

Debug Port
1V8

47.5R42

DNS

MCU_nRST

GND GND

In the event we want nRST 
connected between the 
debug probe and the MCU.

HW_ID

ID_BIAS

HW_ID method 
Take ADC code and shift it down to 5 bits (0 - 
63); the resulting number is the HW_ID. 
Bottom resistor is chosen to create a divider 
ratio of (HW_ID+0.5) / 64. 
For example, to set a HW_ID of 2: 
(2+0.5) / 64 = 0.039 
( 0.039 / (1 - 0.039) ) * 10k = 406.5ohms 
Pick the closest E96 (or available) value -> 
402 

Rbot = 240 -> HW_ID = 1 
Rbot = 402 -> HW_ID = 2 

10k

R41
1/16W 0402 1%

402

R43
1/16W 0402 1%

1
2
3

J8

1x3 0.1in

HW ID
Debug Console

MCU_DBG_UART_TX
MCU_DBG_UART_RX

SWDIO
SWCLK
DBG_UART_TX

47.5R35

DBG_UART_RX

47.5R37
47.5R39
47.5R40

CH11

CH22

CH34

CH45 NC4 6NC3 7NC2 9NC1 10

GND3 GND 8

U5

PUSB3FA1Z

CH1 1

CH2 2

CH3 4

CH4 5NC46 NC37 NC29 NC110

GND 3GND8

U14

PUSB3FA1Z

0
R34

SWDIO
SWCLK
DBG_UART_TX

DBG_UART_RX
MCU_SWDIO
MCU_SWCLK
MCU_DBG_UART_TX

MCU_DBG_UART_RX 47.5R36
47.5R38

D_TX
D_RX

D_TX
D_RX

GND GND GND

GNDGND

GND

Bootloader ports:
USART2 on PA2-3
I2C1 on PB6-7
I2C2 on PB10-11
I2C3 on PC0-1
USB on PA11-12
SPI1 on PA4-7
SPI2 on PB12-15

TP21
TP SMD 1mm

1 2

3 4

S2

SPST-NO

1 2

3 4

S1

SPST-NO

GND

MCU_nRST

1k

R30

1/16W 0402 1%

1k

R32

1/16W 0402 1%

GND

GND

TP20
TP SMD 1mm

1 2

MNT

S3

SPST-NO

GND

1k

R33

1/16W 0402 1%

TP22
TP SMD 1mm

D4
TVS 3.6Vw 8.9Vc

D5
TVS 3.6Vw 8.9Vc

D6
TVS 3.6Vw 8.9Vc

MCU's nRST 
has internal 
pullup

100k

R31
1/16W 0402 1%

GND

Use GPIO 
internal pullup

Buttons 1V8

BTN_BOOT0

BTN_nRST

BTN_USER

MCU_BOOT0

USER_BUTTON

GND

D
EB

U
G

_LED

100

R116
1/16W 0402 1%

GND

A
K

D11
RED

LED0
LED1

TEMPF_I2C
SCL
SDA

I2C

TEMPV_I2C
SCL
SDA

I2C

I2C Pullups on 
Sensors page

DATA_OUT
DATA_IN

CS
nIS_PWRD

lin

LIN

LIN.DATA_OUT
LIN.DATA_IN
LIN.CS
LIN.nIS_PWRD

LIN.CS

LIN.DATA_OUT
LIN.DATA_IN

TEMPA_I2C
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Licensed under CERN-OHL-P v2, see cover/connectivity page.
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2.1MCU Power
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Licensed under CERN-OHL-P v2, see cover/connectivity page.
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2.1Flash

GND

(Q)SPI Flash

CIPO
COPI

SCK

nCS

SPI

MCU_SPI_FLASH

MCU_SPI_FLASH.SCK
MCU_SPI_FLASH.CIPO
MCU_SPI_FLASH.COPI

0.1u

C35
10V X7R 0402

CS1

CIPO/SIO12

WP/SIO23

GND 4

COPI/SIO05

SCK6

HOLD/RST/SIO37

VCC 8

PAD 9

W25N01GWZEIG

U12

1Gb SPI

33R79
33R80
33R81

1M
R78

FLASH_PWR_nEN

D
S

Q7
P-CH 20V 820mA

1M

R72
1/16W 0402 1%

0R82

TP39 TP SMD 1mm
TP40 TP SMD 1mm

TP38 TP SMD 1mm

TP41
TP SMD 1mm

TP31
TP SMD 1mm

21

J15
1x2 0.1in

JP8
jumper

0

R71

1/16W 0402 Jumper

DNS
1V8 i

PWR_GND

VDD_FLASH

i PWR_GND

MCU_SPI_FLASH.nCS

TP23

Licensed under CERN-OHL-P v2, see cover/connectivity page.
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2.1LIN Interface
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LIN signal voltage range: 5.0 V to 27.0 V, and 
MCP2003 supply range 6.0 V to 27.0 V. 

If powering from a regulated 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).
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Use NXP NTS0104 (or equivalent Texas 
Instruments TXS0104) because the RXD signal 
has a pull-up resistor, and these "S" variants of the 
level shifters are supposed to work with pull-ups.

i
PWR_GND

5 V regulator

Only insert one MCP2003 LIN interface; two 
packages options provided. 

VREN is not needed, and is effectively NC. 

NoDRC on pin 1 because there are two driving 
sources (unless one DNI). 

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

R84 1K 1W pull-up for LIN bus master.
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Licensed under CERN-OHL-P v2, see cover/connectivity page.
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PIU907 PIU908 

COU9 

PIU1101 

PIU1102 

PIU1103 

PIU1104 

PIU1105 

PIU1106 

PIU1107 PIU1108 

PIU1109 

PIU11010 

PIU11011 

PIU11012 

PIU11013 

PIU11014 

COU11 

PIR6302 

PIR6901 

PIC3402 

PIR7002 

PIR7701 

PIR9801 

PITP1101 

PIU603 

PIU11014 

PIC102 

PIC202 

PIC502 

PIC3301 

PIC3401 PID150A 

PIFB701 

PIQ602 
PIR9802 

PIU604 

PIU805 

PIU809 

PIU905 

PIU1107 

PIR8602 PITP2501 
NLLIN0CS POLIN PIR6702 

PITP2901 

NLLIN0DATA0IN 
POLIN 

PIR6502 

PITP2801 

NLLIN0DATA0OUT 

POLIN 

PIQ603 

PIR6902 

PITP3001 

NLLIN0nIS0PWRD 

POLIN 

PIC501 

PIR8402 

PIR8502 PIU806 

PIU906 

NLLIN0BUS 

PID1702 
PIFB802 PIJ1002 

NLLIN0BUSC 

PIU802 

PIU902 

PIU11011 
NLLIN0CSHV 

PIR7702 

PIU801 

PIU901 

PIU11012 
NLLIN0RXD 

PIU804 

PIU904 

PIU11013 
NLLIN0TXD 

PIC101 

PID140A PIFB601 

PIC201 

PID160A 

PIQ110S 
PIR7602 

PIU601 

PIU807 

PIU907 

PIR6401 

PIU803 

PIU903 

NLLIN0WAKEn 

PIC3302 
PIR6301 

PIU1101 

PIU1108 

PID140K 

PIR7401 
PIR7502 

PID150K 

PIQ110G 

PIR7402 

PID160K 
PIR8401 

PID1701 
PIFB702 

PIJ1003 

PIFB602 

PIJ1001 

PIFB801 PIR8501 

PIQ601 PIR7001 

PIQ110D 

PIR7501 

PIR7601 

PIR6402 PITP2601 

PIR6501 PIU1102 

PIR6701 PIU1103 

PIR8601 PIU1104 

PIU808 

PIU908 

PIU1105 

PIU1106 

PIU1109 

PIU11010 

POLIN POLIN0CS POLIN0DATA0IN POLIN0DATA0OUT POLIN0nIS0PWRD 
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2.1Sensors

TEMPF_I2C
SCL
SDA

I2C
4.75k

R23

4.75k

R24

VDD_TEMPF

TP15TP SMD 1mm
TP17TP SMD 1mm

TEMPF_I2C.SCL
TEMPF_I2C.SDA

TEMPV_I2C
SCL
SDA

I2C
2740

R19

2740

R20

TP8TP SMD 1mm
TP9TP SMD 1mm

TEMPV_I2C.SDA
TEMPV_I2C.SCL

TEMPA_I2C
SCL
SDA

I2C
4.75k

R91

4.75k

R92

TEMPA_I2C.SDA
TEMPA_I2C.SCL

0R53
0R55
0R58

0R52

GND

0.1u

C29
10V X7R 0402

7b I2C Address depends 
on ADD0 bit
0b1001000 : GND
0b1001001 : V+
0b1001010 : SDA
0b1001011 : SCL

GND

Stuff One

100

R50
1/16W 0402 1%

GND

FB4
FB5

0.49 Ohm 350mA

SDA6

ADD04

V+ 5

ALERT3

GND 2

SCL1
U7

TMP117

GND GND

VAX_VDD

VAX_SDA
VAX_SCL

Vaccine Temp Sensor (Offboard)

Onboard Ambient Temp Sensor Options (insert 0 or 1)

7b I2C Address:External 
sensors should have ADD0 
Grounded and ADD1/Alert 
connected to SCL, so: 
0b1000100 = 0x44

TP24TP SMD 1mm

i
PWR_GND

VAX_VDD
VAX_SDA
VAX_SCL

i PWR_GND

47.5

R59

1/16W 0402 1%

FB3
0.49 Ohm 350mA

47.5R61
47.5R62

CH11

CH22

CH34

CH45 NC4 6NC3 7NC2 9NC1 10

GND3 GND 8

U10

PUSB3FA1Z

Power to Vax Temp Sensor 
Common Ground 
I2C SDA for Vax 
I2C SCL for Vax 

FB12
FB13

0.49 Ohm 350mA

GND GND

FRZ_VDD

FRZ_SDA
FRZ_SCL

FRZ_VDD

FRZ_SDA
FRZ_SCL

iPWR_GND

47.5R88
47.5R89 CH11

CH22

CH34

CH45 NC4 6NC3 7NC2 9NC1 10

GND3 GND 8

U15

PUSB3FA1Z

FB15
FB16

0.49 Ohm 350mA

GND GND

AMB_VDD

AMB_SDA
AMB_SCL

AMB_VDD

AMB_SDA
AMB_SCL

i
PWR_GND

47.5R93
47.5R94

CH11

CH22

CH34

CH45 NC4 6NC3 7NC2 9NC1 10

GND3 GND 8

U17

PUSB3FA1Z

47.5R87

1/16W 0402 1%

47.5R90

1/16W 0402 1%

FB11

0.49 Ohm 350mA

FB14

0.49 Ohm 350mA

SDA B3

ADD0 B2

V+B1

ALERT/ADD1 A2

GNDA1

SCL A3

AS6212-AWLT-S

U13

TEMPV_I2C.SDA
TEMPV_I2C.SCL

Freezer Temp Sensor (Offboard)

Optional Offboard Ambient

DOORV
DOORF

PWRV_nEN
VBAT_MEAS_EN

VBAT_MEAS
PWRF_nEN

sense

SENSE

SENSE.DOORV
SENSE.DOORF
SENSE.PWRV_nEN

SENSE.PWRF_nEN

1
2
3
4

J12

47.5R66
47.5R68

FB17
FB18

0.49 Ohm 350mA

DOORV_C DOORV_C
DOORF_C

DOORF_C

1M

R47
1/16W 0402 1%

DS
Q4

P-CH 20V 820mA

21

J9
1x2 0.1in

JP4
jumper

0

R45

1/16W 0402 Jumper

DNS
1V8 i

PWR_GND

0
R48

DNS

SENSE.PWRV_nEN

VDD_TEMPF

VDD_TEMPF

VDD_TEMPF

VDD_TEMPV

VDD_TEMPV

VDD_TEMPV

VDD_TEMPV

1M

R56
1/16W 0402 1%

DS
Q5

P-CH 20V 820mA

21

J11
1x2 0.1in

0

R54

1/16W 0402 Jumper

DNS
1V8 i

PWR_GND

0
R57

DNS

VDD_TEMPF

SENSE.PWRF_nEN

JP6
jumper

7b I2C Address with 
ADD1 connected to VSS 
has same dependency 
on ADD0 as TMP117: 
0b100 1000 : GND 
0b100 1001 : V+ 
0b100 1010 : SDA 
0b100 1011 : SCL 

With ADD1 connected to 
SCL, address depends 
on ADD0 connection:
0b100 0100 : GND 
0b100 0101 : V+ 
0b100 0110 : SDA 
0b100 0111 : SCL 

0

R4

0
R83

GND

TP35TP SMD 1mm
TP36TP SMD 1mm

TP37TP SMD 1mm

Stuff One

1
2
3
4

J13

1
2
3
4

J14

1
2
3
4
5

J18

GND

Vaccine Door Sensor 
Commond Ground 
No connect
Freezer Door Sensor 
Common Ground

Power to Freezer Temp Sensor 
Common Ground 
I2C SDA for Freezer 
I2C SCL for Freezer

Power to Ambient Temp Sensor 
Common Ground 
I2C SDA for Ambient 
I2C SCL for Ambient Ambient Temp Sensor

Door Sensor(s)

GND

TEMP_ADD0

TEMP_ADD1

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

Note that the 
PUSB3Fxxx ESD 
devices are 
snap-back devices, 
hence the explicit 
series resistance

PIC2901 
PIC2902 

COC29 

PIFB301 

PIFB302 

COFB3 

PIFB401 PIFB402 
COFB4 

PIFB501 PIFB502 
COFB5 

PIFB1101 PIFB1102 

COFB11 

PIFB1201 PIFB1202 
COFB12 

PIFB1301 PIFB1302 
COFB13 

PIFB1401 PIFB1402 
COFB14 

PIFB1501 PIFB1502 
COFB15 

PIFB1601 PIFB1602 
COFB16 

PIFB1701 PIFB1702 
COFB17 

PIFB1801 PIFB1802 
COFB18 

PIJ901 PIJ902 

COJ9 

PIJ1101 PIJ1102 

COJ11 

PIJ1201 

PIJ1202 

PIJ1203 

PIJ1204 

COJ12 

PIJ1301 

PIJ1302 

PIJ1303 

PIJ1304 

COJ13 

PIJ1401 

PIJ1402 

PIJ1403 

PIJ1404 

COJ14 

PIJ1801 

PIJ1802 

PIJ1803 

PIJ1804 

PIJ1805 

COJ18 

COJP4 

COJP6 

PIQ40D 

PIQ40G 

PIQ40S 

COQ4 

PIQ50D 

PIQ50G 

PIQ50S 

COQ5 

PIR401 

PIR402 

COR4 

PIR1901 

PIR1902 

COR19 
PIR2001 

PIR2002 

COR20 

PIR2301 

PIR2302 

COR23 
PIR2401 

PIR2402 

COR24 

PIR4501 PIR4502 

COR45 PIR4701 

PIR4702 

COR47 
PIR4801 

PIR4802 

COR48 

PIR5001 

PIR5002 

COR50 

PIR5201 PIR5202 
COR52 

PIR5301 PIR5302 
COR53 

PIR5401 PIR5402 

COR54 

PIR5501 PIR5502 
COR55 

PIR5601 

PIR5602 

COR56 
PIR5701 

PIR5702 

COR57 

PIR5801 PIR5802 
COR58 

PIR5901 PIR5902 

COR59 

PIR6101 PIR6102 
COR61 

PIR6201 PIR6202 
COR62 

PIR6601 PIR6602 
COR66 

PIR6801 PIR6802 
COR68 

PIR8301 

PIR8302 

COR83 

PIR8701 PIR8702 
COR87 

PIR8801 PIR8802 
COR88 

PIR8901 PIR8902 
COR89 

PIR9001 PIR9002 
COR90 

PIR9101 

PIR9102 

COR91 
PIR9201 

PIR9202 

COR92 

PIR9301 PIR9302 
COR93 

PIR9401 PIR9402 
COR94 

PITP801 

COTP8 
PITP901 

COTP9 

PITP1501 
COTP15 

PITP1701 

COTP17 

PITP2401 

COTP24 

PITP3501 

COTP35 
PITP3601 

COTP36 

PITP3701 

COTP37 

PIU701 

PIU702 

PIU703 

PIU704 

PIU705 

PIU706 

COU7 

PIU1001 

PIU1002 

PIU1003 

PIU1004 

PIU1005 PIU1006 

PIU1007 

PIU1008 

PIU1009 

PIU10010 

COU10 

PIU130A1 

PIU130A2 

PIU130A3 PIU130B1 

PIU130B2 

PIU130B3 

COU13 

PIU1501 

PIU1502 

PIU1503 

PIU1504 

PIU1505 PIU1506 

PIU1507 

PIU1508 

PIU1509 

PIU15010 

COU15 

PIU1701 

PIU1702 

PIU1703 

PIU1704 

PIU1705 PIU1706 

PIU1707 

PIU1708 

PIU1709 

PIU17010 

COU17 

PIJ901 

PIJ1101 

PIR4501 

PIR5401 

PIFB1602 

PIJ1404 

PIU1704 PIU1707 
NLAMB0SCL 

PIFB1502 

PIJ1403 

PIU1702 PIU1709 
NLAMB0SDA 

PIFB1402 PIJ1401 

PIU1701 PIU17010 

NLAMB0VDD 

PIFB1802 

PIJ1804 

PIU1505 PIU1506 

NLDOORF0C 
PIFB1702 PIJ1801 

PIU1504 PIU1507 

NLDOORV0C 

PIFB1302 PIJ1304 PIU1502 PIU1509 
NLFRZ0SCL 

PIFB1202 PIJ1303 PIU1501 PIU15010 
NLFRZ0SDA 

PIFB1102 

PIJ1301 

PIU1005 PIU1006 
NLFRZ0VDD 

PIC2901 

PIJ1202 

PIJ1302 

PIJ1402 

PIJ1802 

PIJ1805 

PIR402 

PIR5202 PIU702 

PIU1003 PIU1008 

PIU130A1 

PIU1503 PIU1508 

PIU1703 PIU1708 

POSENSE POSENSE 

PIC2902 

PIR5002 

PIU705 PIU130B1 

PIFB301 

PIR5902 

PIFB401 PIR6102 

PIFB501 PIR6202 

PIFB1101 PIR8702 

PIFB1201 PIR8802 

PIFB1301 PIR8902 

PIFB1401 PIR9002 

PIFB1501 PIR9302 

PIFB1601 PIR9402 

PIFB1701 PIR6602 

PIFB1801 PIR6802 

PIJ902 
PIQ40S 

PIR4502 

PIR4701 

PIJ1102 
PIQ50S 

PIR5402 

PIR5601 

PIJ1803 

PIU703 

PIU1705 PIU1706 

PIR6801 

PITP3501 

NLSENSE0DOORF 

POSENSE 

PIR6601 

PITP3601 

NLSENSE0DOORV 

POSENSE 

PIQ50G 
PIR5602 PIR5702 

NLSENSE0PWRF0nEN 

POSENSE 

PIQ40G 
PIR4702 PIR4802 

NLSENSE0PWRV0nEN 

POSENSE 

PIR5201 

PIR5301 

PIR5501 

PIR5801 

PIU704 PIU130B2 

NLTEMP0ADD0 

PIR401 

PIR8302 PIU130A2 
NLTEMP0ADD1 

PIR9102 

PIR9401 

PITP3701 

NLTEMPA0I2C0SCL 

POTEMPA0I2C 

PIR9202 

PIR9301 

PITP2401 

NLTEMPA0I2C0SDA 
POTEMPA0I2C 

PIR2302 

PIR8901 

PITP1701 

NLTEMPF0I2C0SCL 

POTEMPF0I2C 

PIR2402 

PIR8801 

PITP1501 

NLTEMPF0I2C0SDA POTEMPF0I2C 

PIR1902 

PIR5802 

PIR6201 

PIR8301 

PITP901 

PIU701 PIU130A3 
NLTEMPV0I2C0SCL 

POTEMPV0I2C 

PIR2002 

PIR5502 

PIR6101 

PITP801 

PIU706 PIU130B3 
NLTEMPV0I2C0SDA 

POTEMPV0I2C 

PIFB502 PIJ1204 PIU1004 PIU1007 
NLVAX0SCL 

PIFB402 PIJ1203 PIU1002 PIU1009 
NLVAX0SDA 

PIFB302 

PIJ1201 

PIU1001 PIU10010 
NLVAX0VDD 

PIQ50D 

PIR2301 PIR2401 

PIR5701 

PIR8701 

PIR9001 PIR9101 PIR9201 

PIQ40D 

PIR1901 PIR2001 

PIR4801 

PIR5001 

PIR5302 

PIR5901 

POSENSE POSENSE0DOORF POSENSE0DOORV POSENSE0PWRF0nEN POSENSE0PWRV0nEN POSENSE0VBAT0MEAS POSENSE0VBAT0MEAS0EN 

POTEMPA0I2C POTEMPA0I2C0SCL POTEMPA0I2C0SDA 

POTEMPF0I2C POTEMPF0I2C0SCL POTEMPF0I2C0SDA 

POTEMPV0I2C POTEMPV0I2C0SCL POTEMPV0I2C0SDA 



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

96/3/2025
USB.SchDoc

Title:

Size: Sheet:

Date:
File:

Revision:

Sheet of
B

Drawn by: Rod Hinman11

Demo EMS Logger

2.1USB

FB1
95 mOhm 1.5A

0R8

GND

0R9

USB_CONN_VBUS

USB_CONN_D_N

USB_ESD_D_N
USB_ESD_D_P

USB_CONN_D_P

USB.D_P
USB.D_N

33k

R7
1/16W 0402 1%

68k

R5
1/16W 0402 1%

GND

4.7u
C8

GND

i
PWR_GND

i
PWR_GND

USB-C with 
2.0 signals 
only

USB

GND

330

R6
1/10W 0603

0.1u

C11
50V X7R 0603

GND

USB_SHIELD

i PWR_GND

USB
USB

USB
USB
USB

TP1
TP SMD 1mm

TP2
TP SMD 1mm

GND

VBUS

10000p

C7
50V X7R 0402

FB9
FB10

0.49 Ohm 350mA

D_N
D_P

USB USB
USB

GND

1 2 3

6 5 4
D2
TVS

VBUS A4_B9

VBUS B4_A9

DN1 A7

DP1 A6

DN2 B7

DP2 B6

CC1 A5

SBU1 A8

CC2 B5

SBU2 B8

GND A1_B12

GND B1_A12

SHIELDS1

SHIELDS2

SHIELDS3

SHIELDS4

J1

USBC_16p_4mnt

D S

STL6N3LLH6

Q12

ESDA25P35-1U1M
D19

TCPP01-M12

PAD/GND13 CC2 1GND2 CC1 3

SOURCE 4GATE 5

VBUS_CTL6

CC1c7

IN_GD8

CC2c9 DB 10

FLT 11

VCC 12

U18

i
PWR_GND

2740

R96
1/16W 0402 1%

10k

R95
1/16W 0402 1%

GND

3
12

D18
BAT54C

0.1u

C6
50V X7R 0603

GND

VBUS

GND

GND

Note pin 5 of D2 is 
disconnected because 
it won't survive 20V 
from power delivery 
applied, but D19 will.

VBUS overvoltage protection triggered when Vin > (Rx/Ry + 
1) * Vbus_ctrl. 

Data sheet shows 1.20 V <= Vbus_ctrl <= 1.34 V (nominal 
1.25 V), so with 1% resistors included (but most of the 
variation is from the IC)
:
4.29V <= VBUS OVP <= 6.33 V (nominal 5.8V)

Capacitors not needed on CCxc because not using power 
delivery, see datasheet.

As-built: keep VCC/DB\ low so "dead battery" 
clamps always present on CCxc.

Option: remove R27 and insert R26: 
MCU keeps VCC low (pulled down through 
DB\), except to signal USB-C disconnect by 
raising it. 

VDDUSB gets pulled to 3.3V when VBUS is 
present, so PB09 = USB.DISCONN does get 
pulled above 1.8V. It is a 5V tolerant pin, so 
should be OK.

DETECT
DISCONN

D_N
D_P

nFLT

usb

USB

USB.DETECT
USB.DISCONN

USB.D_N
USB.D_P

VBUS_FILT

USB.nFLT

CC1c

CC2c

CC1c
CC2c

VDDUSB

D
3

1S
2

Q13
P-CH 30V 3.8A

100k

R22
1/16W 0402 1%

0

R27
1/16W 0402 Jumper

TP18
TP SMD 1mm

TP27

TP SMD 1mm

0

R26
1/16W 0402 Jumper

GND

DNSnDB

For future revisions:
----------------------
FB9 and FB10 slow data signal rise 
times so that they are outside the 
USB Full Speed specification (but 
still work with most USB hosts).  
Future revisions should consider 
changing to a single common-mode 
choke or an integrated 
common-mode filter and ESD 
protection device.

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

PIC601 
PIC602 COC6 

PIC701 
PIC702 

COC7 PIC801 
PIC802 

COC8 

PIC1101 
PIC1102 COC11 

PID201 PID202 PID203 

PID204 PID205 PID206 

COD2 

PID1801 PID1802 

PID1803 

COD18 

PID190A 

PID190K COD19 

PIFB101 PIFB102 

COFB1 

PIFB901 PIFB902 
COFB9 

PIFB1001 PIFB1002 
COFB10 

PIJ10A10B12 

PIJ10A40B9 

PIJ10A5 

PIJ10A6 

PIJ10A7 

PIJ10A8 

PIJ10B10A12 

PIJ10B40A9 

PIJ10B5 

PIJ10B6 

PIJ10B7 

PIJ10B8 PIJ10S1 

PIJ10S2 

PIJ10S3 

PIJ10S4 

COJ1 

PIQ120D 

PIQ120G 

PIQ120S 

COQ12 

PIQ1301 

PIQ1302 

PIQ1303 

COQ13 

PIR501 

PIR502 
COR5 

PIR601 

PIR602 

COR6 

PIR701 

PIR702 
COR7 

PIR801 PIR802 
COR8 

PIR901 PIR902 
COR9 

PIR2201 

PIR2202 

COR22 

PIR2601 

PIR2602 
COR26 

PIR2701 

PIR2702 
COR27 

PIR9501 

PIR9502 
COR95 

PIR9601 

PIR9602 
COR96 

PITP101 
COTP1 

PITP201 
COTP2 

PITP1801 
COTP18 

PITP2701 
COTP27 

PIU1801 

PIU1802 PIU1803 

PIU1804 

PIU1805 

PIU1806 

PIU1807 

PIU1808 

PIU1809 

PIU18010 

PIU18011 

PIU18012 

PIU18013 

COU18 
PIJ10A5 

PIU1807 

NLCC1c 
PIJ10B5 

PIU1809 

NLCC2c 

PIFB902 PIR802 
NLD0N 

PIFB1002 PIR902 
NLD0P 

PIC602 

PIC701 PIC801 

PIC1102 

PID202 

PID190A 

PIJ10A10B12 

PIJ10B10A12 

PIR602 

PIR701 

PIR2701 

PIR9601 

PITP201 

PIU1802 

PIU18013 

PIR2601 
PIR2702 

PIU18010 

PIU18012 
NLnDB 

PIC601 
PID1803 

PIU1808 

PID205 

PIJ10A8 

PIJ10B8 

PIQ120G 

PIU1805 

PIQ1303 
PIR2602 

PIR9501 

PIR9602 

PIU1806 

PITP1801 PIU1803 

PITP2701 PIU1801 

PIR801 
NLUSB0D0N 

POUSB 

PIR901 
NLUSB0D0P 

POUSB 

PIR501 

PIR702 

NLUSB0DETECT 

POUSB 

PIQ1301 

PIR2202 

NLUSB0DISCONN 
POUSB 

PIU18011 

NLUSB0nFLT POUSB 

PID203 

PIJ10A7 

PIJ10B7 

NLUSB0CONN0D0N 

PID201 

PIJ10A6 

PIJ10B6 

NLUSB0CONN0D0P 
PIC702 PID190K 

PIFB101 

PIJ10A40B9 

PIJ10B40A9 
NLUSB0CONN0VBUS 

PID204 

PIFB901 
NLUSB0ESD0D0N 

PID206 

PIFB1001 
NLUSB0ESD0D0P 

PIC1101 

PIJ10S1 

PIJ10S2 

PIJ10S3 

PIJ10S4 

PIR601 

NLUSB0SHIELD 

PIQ120S 

PIR502 

PITP101 

PIU1804 

PIC802 
PID1801 PID1802 PIFB102 PIQ120D 

PIR9502 

NLVBUS0FILT 

PIQ1302 PIR2201 
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2.1M2M Power

M2M power out
Common Ground

Current Limiting Switch5 V regulator

0.1u

C28
10V X7R 0402

0.1u

C42
10V X7R 0402

0.1u

C41
50V X7R 0603

4.7u

C30
50V X7R 1206

4.7u

C31
50V X7R 1206

4.7u

C32
50V X7R 1206

4.7u

C36
50V X7R 1206

UVLO: 5.2/6.13V Ilim 1.1 Aretry delay ~700 msec

22u
C39

22u
C40

4.7u

C43
16V X7R 0603

1M

R101
1/16W 0402 1%

100u

C37
6.3V B 20% 55mO

100k

R99
1/16W 0402 1%

23.7k

R102
1/10W 0402 1%

23.7k

R103
1/10W 0402 1%

i
PWR_GND

TPS2553DBVR

IN1

GND 2EN3

FLT4

OUT 6

ILIM 5

U20

AP63357DV-7

VIN1

GND8

EN2

FB 3

COMP 4

PG5

BST 6

NC 7

SW 9

U19

6.8u

L1

178k

R100
1/10W 0402 1%

33k

R104
1/16W 0402 1%

47p
C38

Setpoint 5.12 V

i
PWR_GND

2
1

J19

Power from LIN bus

M2M_EN

M2M_FB

M2M_5V_MID M2M_5V_OUT

M2M_ILIM

M2M_FLT

M2M_BST

LIN_VBATC

B150-13-F
D10

50V 1A

2920L100PR
F1

FB19

FB20

GND Datasheet's recommended 
layout connects NC to SW to 
facilitate connecting SW to 
inductor and BST capacitor.

1M

R106
1/16W 0402 1%

0

R105

1/16W 0402 Jumper

R105 & R106 for trim.
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