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Note: Only the required pins are exposed for the 
MCU. Remember to add the ports for the pins you 
need to be exposed!

Note:
This is the SD Card, which we will use for our 
project. PLEASE DO NOT ERASE! Connect 
a 3V3 rail to this SD Card.

The SD CARD needs 100 mA (worst case, 
most common is 30mA).

These jumpers are in place for 
two reasons:
1. SPI lines have relatively 
fast transmission speeds, 
which could have signal 
reflections. Series terminating 
resistors on the *source* side 
can help reduce reflections.
2. Can be used for debugging 
the SPI bus as well!

Add your power 
architecture here!

Don't forget:
0R jumpers in series with 
your power lines
1x through hole test point 
per power net

NOTE:
The FTDI Chip is an useful chip that allows us to convert USART messages 
into USB signals. It allows us to connect the MCU directly to the USB port of a 
computer and use the serial terminal (it is the similar to the bridge used on the 
SAMW25 Xplained Board).The FTDI device also contains protection circuitry 
for the USB.

NOTE:
B2B-PH-SM4-TBT(LF)(SN) is a vertical battery connector.
If you would prefer a right-angle battery connector, use: 
S2B-PH-SM4-TB to the left.
Only use one, delete the other.

Barrel Connector, we are powering the 
Moter and pump it uses higher current.
This barrel connecter will provide direct 
supply to them.

RS485 moldule interfaces with NPK sensors, which 
uses the RS45 communication protocal using RX 
TX, this module takes that signal module from the 
PK and converts it to UART signal for 
communication.

When 5V barrel  is connected this LED will 
light up.

12V MODE PIN13. We 
kept for debuging 
purpose if required.

We use PSC15R-050 5V 
external wall mount adapter.

3V3 FB PIN4. We kept 
for debuging purpose if 
required.

12V_MODE_PIN13 is 
MODE pin from 12V 
Boost Converter

3V3_FB_PIN4 is FB 
pin from 3.3V Buck 
Converter
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GNDTop Level[5C], 3V3_Buck_Converter[1A], 5V_Buck_Boost_Converter[1B], 12V_Boost_Coneverter[1A], Air_filter_Temp_and_Humidity[1A], BatteryCharger[1A], MCU[1A], Off_Board_Actuator[1A], Off_Board_Sensor_Connector[2A], RS485[1B], SerialToUSB[2A]
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Testpad
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i
Power

CD is a card detect switch. When the SD card 
in inserted, the switch is closed, and the 
SD_CARD_DETECT line goes low. When the 
SD card is not detected, said line goes high. 
We use the extra DAT1 Channel of the 
ESD/Pullup device to provide ESD protection 
and the pullup required.

SD Card is wired to be used in SPI mode
Place bypass 
near VDD Pin 
of SD CardThe ECLAMP2410 IC provides both transient 

voltage suppression and optional pull up 
resistors for the SD card. It must be placed in 
series with the traces between the SD card 
holder and the MCU.

Use of card detect is optional, but is provided 
if you want to use it.
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GNDTop Level[2D], 3V3_Buck_Converter[1A], 5V_Buck_Boost_Converter[1B], 12V_Boost_Coneverter[1A], Air_filter_Temp_and_Humidity[1A], BatteryCharger[1A], MCU[1A], Memory[1B], Off_Board_Actuator[1A], Off_Board_Sensor_Connector[2A], SerialToUSB[2A]
12VTop Level[2C], 12V_Boost_Coneverter[1A]

ATop Level[2D], Off_Board_Sensor_Connector[2B]
BTop Level[2D], Off_Board_Sensor_Connector[2B]
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i
Power

Ask TA and Nic. about how RS485 
power the NPK sensor, Or They see the 
old Project and See how much volt are 
they using for the NPK sensor.

A: Bus input (complementary to B). Data is 
received from the RS485 data line A output of 
the NPK sensor

B: Bus input (complementary to A) Data is 
received from the RS485 data line B output of 
the NPK sensor

PIC1601 

PIC1602 
COC16 

PIJP901 PIJP902 
COJP9 

PIJP1001 PIJP1002 
COJP10 

PIR2001 

PIR2002 
COR20 

PIU401 

PIU402 

PIU403 

PIU404 PIU405 

PIU406 

PIU407 

PIU408 

COU4 

PIC1602 

PIU408 

NL12V 

PO12V 

PIR2002 PIU406 

NLA POA 

PIR2001 
PIU407 

NLB POB 

PIC1601 

PIU405 

POGND 

PIU402 

PIU403 

NLRTS 
PORTS 

PIJP1001 PORX0I PIJP1002 

PIU404 

NLRX0I 
PIJP901 POTX00 PIJP902 

PIU401 

NLTX00 

PO12V 

POA 
POB 

POGND 

PORTS 

PORX0I 
POTX00 



1

1

2

2

3

3

4

4

D D

C C

B B

A A

SerialToUSB.SchDocTitle:

www.seas.upenn.edu
4 12

Abhik & Toma

Date:    3/5/2025     8:32:31 PM

Size:

File:    C:\Users\abhikkum\AppData\Local\TempReleases\Snapshot\1\SerialToUSB.SchDoc
Sheet of

Letter Auth: Proj: ESE5160 - T13 DreamCatcher (Spring 2025).PrjPcb

Desc: USB

VCS:  a0cff16059821059d0a6e0870289f8002ca5aff9
Doc.  *AD Ver.  25.1.2.22 Electrical and Systems Engineering

GND

VUSB

GND GNDGND

VUSB

CLI_RX Top Level[2C]
CLI_TX Top Level[2C]

VBUS

GND

VUSB

GND

5V0_FTDITop Level[2C]
GNDTop Level[1C], 3V3_Buck_Converter[1A], 5V_Buck_Boost_Converter[1B], 12V_Boost_Coneverter[1A], Air_filter_Temp_and_Humidity[1A], BatteryCharger[1A], MCU[1A], Memory[1B], Off_Board_Actuator[1A], Off_Board_Sensor_Connector[2A], RS485[1B]

VBUSTop Level[1C]

D+Top Level[1C]

D-Top Level[1C]

USB to Serial FTDI Chip

USB Protection

TXD
RXD

RS
CBUS0

D2

LSM0805412V

VCCIO

GND

VCCIO

VCCIO

3V3OUT3

VCC4

VCCIO9

CTS 11

RESET2

RTS 8

CBUS0 6

RXD 10TXD 7

USBDM1

USBDP12

GND 5

GND 13

U1

FT234XD-R

USB_DATA_P

USB_DATA_N
USB_FTDI_DATA_P
USB_FTDI_DATA_N

JP3

FB1

MPZ2012S601AT000

5

1

3 4

6

2 3.3V

3.3V
FL1

USBUF02W6

GND
10%
100nF

50V

C5

10%
100nF

50V

C6

10%
100nF

50V

C4
4.7UF
10V
10%

C3

10%
0.01UF

50V

C2

1k
1%

R9

Schematics follows Fig. 6.1 of 
Datasheet

To match Fig 6.1 and to 
comply with USB 1.1, 2.0 
Spec, DO NOT 
CONNECT PIN 5 TO 
ANYTHING
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GND

GNDTop Level[1A], 3V3_Buck_Converter[1A], 5V_Buck_Boost_Converter[1B], 12V_Boost_Coneverter[1A], Air_filter_Temp_and_Humidity[1A], MCU[1A], Memory[1B], Off_Board_Actuator[1A], Off_Board_Sensor_Connector[2A], RS485[1B], SerialToUSB[2A]
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1kR14
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4.7µF
C9

50V
10%
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C8

ilim = Kilim/Rilim = 1610/1130 = 1.42A (if EN2=1, EN1=0)

ISET = KISET/RSET = 890/1130 = 0.788A

Please see Table 1 of BQ24075 FOR 
current setup. You can change BQ EN1 and 
BQ EN 2 if you want! Currently with BQ 
EN 1 = 1 and BQ EN 2 = 2, the current 
from the USB is limited to 500 mA.
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UART_TX_CLITop Level[3C]
UART_RX_CLITop Level[3C]

FLASH_MEM_CSTop Level[4C]

FLASH_MEM_CLKTop Level[4C]

FLASH_MEM_CIPOTop Level[4C]

FLASH_MEM_COPITop Level[4C]

MCU_RESET

FLASH_MEM_CLK
FLASH_MEM_COPI

FLASH_MEM_CIPO

GND

VSAMW25

Debugger Port

GND

MCU_VCCTop Level[3C]
GNDTop Level[3D], 3V3_Buck_Converter[1A], 5V_Buck_Boost_Converter[1B], 12V_Boost_Coneverter[1A], Air_filter_Temp_and_Humidity[1A], BatteryCharger[1A], Memory[1B], Off_Board_Actuator[1A], Off_Board_Sensor_Connector[2A], RS485[1B], SerialToUSB[2A]

UART_RX_CLI
UART_TX_CLI

Reset Button

SWCLK
SWDIO

42
1 3
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6

9
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MCU_RESET
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LSM0805452V

VSAMW25

GND
GND

USER_BUTTON

User Button
42

1 3
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PTS810SJK250SMTRLFS

USER_LED

User LED
USER_BUTTON
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PA00/XIN3229

PA01/XOUT3230

PA0231

PA0838
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PA25/USB/DP19 PA24/USB/DM18 PA2316 PA22/GCLK_IO[6]15 PA2114 PA2013 PA19/SERCOM1/PAD[3]12 PA18/SERCOM1/PAD[2]11 PA179 PA16/SERCOM1/PAD[0]8

SAMD21
U3A

ATSAMW25H18-MR210

GND1

VBAT7

GND10

GND17

VCC21

GND20

GND32

GND42

GND51

GNDEP

RESET MCU24

Pow
er

U3B

ATSAMW25H18-MR210

WIFI SCL48 WiFi SDA49

WiFi UART TxD2 WiFi UART RxD3

WiFi GPIO 18/647

WiFi GPIO 16/546

WiFi GPIO 1/RTC 32kHz in5

WiFi GPIO 15/445

RESET WiFi50

WiFi GPIO 36

WiFi CHIP EN4
WINC1500

WINC1500 SAMD21
CIPO
COPI
SCK
CSn

RESET
CHIP_EN

IRQn
WAKE

PA15
PA12
PA13
PA14
PA27
PA28
PB09
PB08

Internal Connections

U3C

ATSAMW25H18-MR210

WINC_RESET

XIN_32
XOUT_32

XOUT_32
XIN_32 Crystal

32.768kHz

Y1

50V
1µF

10%

C12

50V
1µF

10%

C13

WI_TX TP19Testpad
WI_RX TP18Testpad

WI_EN TP16Testpad
WI_RST TP17Testpad
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C10
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C11
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18PF
C14
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18PF
C15

1k
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R15

1%
100

R17

1%
100

R19

1%
10k
R16

1%
10k
R18

SDATop Level[3C], Air_filter_Temp_and_Humidity[1A], Off_Board_Sensor_Connector[2C]
SCLTop Level[3C], Air_filter_Temp_and_Humidity[1A], Off_Board_Sensor_Connector[2C]

SDA_I2C
SCL_I2C

Servo_PWMTop Level[3C], Off_Board_Actuator[3B]

Buzzer_PWMTop Level[3C], Off_Board_Actuator[1D] Buzzer_PWM_Control

Servo_PWM_Control

Pump_PWMTop Level[3C], Off_Board_Actuator[2B] Pump_PWM_Control

PIRTop Level[3C]
ADCTop Level[3C] ADC_PhotoResistor

PIR_Signal

TX-0Top Level[3C]
RX-ITop Level[3C]

SWDIO
SWCLK

RTS_Toggle_NPKRTS_Toggle_NPKTop Level[3D]

UART_TX_NPK
UART_RX_NPK

FAN_PWMTop Level[3C], Off_Board_Actuator[3D] FAN_PWM

EP1
EP2
EP3
EP4

EP5
EP6

EP7

1
2
3
4
5
6
7

J5

MHDR 1X7

EP1
EP2
EP3
EP4
EP5
EP6
EP7

Calculation of crystal load capacitors:
Cext = 2x ( Ccrystal - Cpara - Cpcb )

Ccrystal = 12.5pF (from crystal datasheet)
Cpara = 3.15pF (from MCU datasheet)
Cpcb = 0.5pF (estimate)

Cext = 2x(12.5pF - 3.15pF - 0.5pF) = 17.7pF

These following pins attach to the 
WINC1500, not the SAMD21, and 
must not be used in the design.

We pull some of these pins to SMT 
test points to help in later debugging.

Unused MCU pins wih standard 0.1" 
header to pull out etra pin.
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SDA 3
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+3V3in
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4.7
R21

GND

+3V3in

GND

50V
100nF

10%

C18

SCLTop Level[5C], MCU[2A], Off_Board_Sensor_Connector[2C]
SDATop Level[5D], MCU[2A], Off_Board_Sensor_Connector[2C]

SCL
SDA

3V3Top Level[5C], 3V3_Buck_Converter[1A], Off_Board_Sensor_Connector[2A]
GNDTop Level[5D], 3V3_Buck_Converter[1A], 5V_Buck_Boost_Converter[1B], 12V_Boost_Coneverter[1A], BatteryCharger[1A], MCU[1A], Memory[1B], Off_Board_Actuator[1A], Off_Board_Sensor_Connector[2A], RS485[1B], SerialToUSB[2A]

JP15

+3V3in
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SDA

JP14

GND

VDD 3SCL2

SDA1

VSS 4

U5

SHT41-AD1F-R2

JP12

JP13

SCL
SDA

GND

+3V3in

GND1

3.3V2

SDA3

SCL4

J7

QWIIC Connector, Vertical

+3V3in
GND

SCL
SDA

50V
100nF

10%

C17

TP23Testpad

TP22Testpad

TP20Testpad

TP21Testpad

i
Power Humidity and Temperature Sensor

Air Quality Sensor

JP11

Humidity and Temperature Sensor using 
I2C. It uses zero Ohm resistor amd jumper 
to reduce load. (SHT41-AD1B-R3)

Air Quality Sensor using I2C. It has 
zero Ohm resistor and jumper to 
reduce load. (SGP40-D-R4)

I2C Test Pin QWIIC for testing Purpouses.
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ATop Level[6B], RS485[1A]
BTop Level[6B], RS485[1A]

5VTop Level[6B], 5V_Buck_Boost_Converter[1A], Off_Board_Actuator[1A]
GNDTop Level[6C], 3V3_Buck_Converter[1A], 5V_Buck_Boost_Converter[1B], 12V_Boost_Coneverter[1A], Air_filter_Temp_and_Humidity[1A], BatteryCharger[1A], MCU[1A], Memory[1B], Off_Board_Actuator[1A], RS485[1B], SerialToUSB[2A]
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GND

5V
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DigitalOutTop Level[6B]

3V3Top Level[6B], 3V3_Buck_Converter[1A], Air_filter_Temp_and_Humidity[1A]

3V3

SDATop Level[6C], Air_filter_Temp_and_Humidity[1A], MCU[2A]
SCLTop Level[6C], Air_filter_Temp_and_Humidity[1A], MCU[2A]

3V3
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J11

Stemma Connector, VerticalTP25Testpad
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Photoresistor Connector

NPK Sensor Connector

Moisture Sensor Connector Motion Sensor Connector

1
2
3
4

J9

5-104363-3

1
2

J8

5-104363-1

1
2
3

J10

5-104363-2

12_V_NPKTop Level[6B]

12_V_NPK

Soil NPK Sensor Connector (SEN0605)

PIR Sensor (Motion Sensor) (Adafruit: 189)I2C Capacitive Moisture Sensor (Adafruit: 4026)

Photoresistor ADC, Mounted outside 
(PDV-P8103)
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EN1

GND2

MODE3

FB 4

VOS 5

PG 6

SW 7

VIN8

TPEP

U7

TPS62082DSGR

VinTop Level[3B], 5V_Buck_Boost_Converter[1A], 12V_Boost_Coneverter[1A]
GNDTop Level[3B], 5V_Buck_Boost_Converter[1B], 12V_Boost_Coneverter[1A], Air_filter_Temp_and_Humidity[1A], BatteryCharger[1A], MCU[1A], Memory[1B], Off_Board_Actuator[1A], Off_Board_Sensor_Connector[2A], RS485[1B], SerialToUSB[2A]

GND

3V3Top Level[3B], Air_filter_Temp_and_Humidity[1A], Off_Board_Sensor_Connector[2A] JP18
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R25

10%
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50V

C19

25V
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1 2L1

LQM2HPN1R0MG0L 1uH

V_in

V_in

FB

3V3_FB_PIN4Top Level[3B] FB

GND

i
Power

i
Power

3.3 V Buck Converter (TPS62082DSGR)
VIN: 3.4V to 5.25V
OUT: 3.3V up to 817mA
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Pump_PWMTop Level[6D], MCU[2A]
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L1 (Scale 1:1)

All layers are unmirrored - you should be able to "see straight through."1

Controlled Dielectric: NO2.

Controlled Impedance: NO3.

Thickness tolerance +/-10%4.

UL Marking Required: NO5

RoHS Marking: NO6.

ITAR: NO7.

Manufacturing Notes:

Material Layer Thickness Dielectric Material Type Gerber
Top Overlay Legend GTO

Surface Material Top Solder 0.03mm(1.00mil) PSR-4000BN DI Colors Solder Mask GTS

Nickel, Gold Top Surface Finish 0.00mm(0.16mil) Surface Finish

Copper L1 0.04mm(1.38mil) Signal GTL
Core 0.20mm(7.96mil) FR408HR 2113 Dielectric
Copper L2 (GND) 0.02mm(0.69mil) Signal G1

0.99mm(39.00mil) FR408HR Dielectric

Copper L3 (Power) 0.02mm(0.69mil) Signal G2
Core 0.20mm(7.96mil) FR408HR 2113 Dielectric
Copper L4 0.04mm(1.38mil) Signal GBL

Nickel, Gold Bottom Surface Finish 0.00mm(0.16mil) Surface Finish

Surface Material Board Layer Stack Bottom Solder 0.03mm(1.00mil) PSR-4000BN DI Colors Solder Mask GBS

Board Layer Stack Bottom Overlay Legend GBO
Total thickness: 1.56mm(61.37mil)

Layer Stack Legend
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Drill Drawing View
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Hole Size
2.00mm(78.74mil)
1.02mm(40.00mil)
1.00mm(39.37mil)
0.89mm(35.04mil)
0.90mm(35.43mil)
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Hole Tolerance
Drill Table
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