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TODO:
- Make a bill of materials (BOM)
- Keep as much clearance between traces as possible/available
- Add some graphics and logos on silkscreen
- Add version somewhere also on siklscreen
- Add JLC order number on PCB
- Double-check all the footprint sizes and dimensions

Haptic feedback motors

STM32F103RET6

Just in case UART

Potentiometers

Direct USB device connection

Solder jumpers
for HW variant coding

Finger position
hall effect sensor

ADC inputs

HW REV

YT: Aesthetic PCB Design Tips - Phil's Lab #84

YT: STM32 PCB Design - Complete Walkthrough - Phil's Lab #41

Push button

UC BUTTONS

JTAG debugging

Just in case I2C

For resetting/programming the board

MICROCONTROLLER

Battery voltage sense divider:
- max bat voltage ~12.6V
- gives us ~2.2V on output

4x M3 plated mounting holes in corners

ADC inputs

EMG ADC inputs

JTAG debugging

MOUNTING

PCB design parameters:
- min trace width 0.2mm and spacing 0.2mm
- via hole size/diameter: 0.3mm / 0.5mm

I2C pullups

CONNECTORS

STM32 decoupling caps

EMG sensors

USER INTERFACE
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Motors
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Debug LEDs

R4

1.
5k

+3V3

+3V3

RV1
TRIM_POT_1

1
3

2

+3V3

RV3
TRIM_POT_3

1
3

2

RV2
TRIM_POT_2

1
3

2

R1310
k

JP8

1
2

JP7

1
2

R1410
k

JP9

1
2

JP10

1
2

R1510
k R1610
k

+3V3

+3V3

R110
k

C1
100n

C2
100n

+3V3

R510
k

TP14
TP_UC_PIN_PA6

TP12
TP_UC_PIN_PA5

+3V3

TP8
TP_JTAG_TDO

TP7
TP_JTAG_TDI

TP6
TP_JTAG_TCK

TP5
TP_JTAG_TMS

TP9
TP_JTAG_RST

TP10
TP_JTAG_GND

R12

10
k

R11

47
k

+BATT

C3
100n

https://www.lcsc.com/product-detail/span-style-background-color-ff0-USB-span-Connectors_SHOU-HAN-TYPE-C-16PIN-2MD-073_C2765186.html
https://www.lcsc.com/product-detail/Microcontroller-Units-MCUs-MPUs-SOCs_STMicroelectronics-STM32F103RET6_C8322.html
https://www.youtube.com/watch?v=D2UaRPkRExw
https://www.youtube.com/watch?v=PMEpQZ90f34&list=PLXSyc11qLa1b9VA7nw8-DiLRXVhZ2iUN2


1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2025-01-31
KiCad E.D.A. 9.0.0

Rev: v3.0Size: A3
Id: 2/4

Title: OpenHand prosthetic hand controller project

File: PSU.kicad_sch
Sheet: /PSU/

Aleksa Heler

VI
3

G
N

D
1

VO
2

U3
AMS1117-3.3

C14
47u

+5V

D4
RED

1

3 2

Q1
AO3401A

L1
3.3uH

CYA0650-3.3UH +5V

TP16
TP_V_BATT

TP15
TP_BATT_P

VIN
3

EN
5

SW
2

VBST
6

VFB
4

GND
1

U2
TPS565201DDCR

R1447
k

R1210
kC12

1u

+BATT

C13
100n

R13

54
.9

k

C10
10uD3

5V Zener
BZT52C4V7

R11

10
k

R10

47
k

+BATT

TP19
TP_V_3V3

C15
22u

Ceramic

TP17
TP_V_5V

C16
1u

C11
10u

Ceramic

R54

10
k

C20
10u

C17
10u

TP18
TP_V_N5V

R154k
7

-5V

V+
8

OSC
7

LV
6

G
N

D
3

VOUT
5

CAP+
2

CAP-
4

U4
ICL7660

R55

10
k

+5V

C19
10u

C18
10u

+5V

R1610
k

+3V3

BAT_P

VIN_5V_SENSEBATT_SENSE

PSU_SW

PSU_VFB

PSU_VBST

REVP_MOS_GATE

PSU_LED_K

PSU_EN

Buck regulator - 5V, MOTORS

Linear regulator for MCU and sensors

TPS565201DDCR switch mode buck converter

Note: Use same layout as in the IC datasheet

Linear regulator - MCU, ADC

Battery voltage sense divider:
- max bat voltage ~16.8V
- gives us ~2.93V on output

Supply uC feedback

Negative rail regulator for EMG sensors (ICL7660M)

Note: If V+ voltage is > 3.5V, LV is left floating

Negative voltage regulator - EMG

Filtering capacitors

Reverse polarity protection
for battery connector

Filtering capacitors

PWR LED
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https://www.lcsc.com/product-detail/DC-DC-Converters_Texas-Instruments-TPS565201DDCR_C327676.html
https://www.lcsc.com/product-detail/DC-DC-Converters_HGSEMI-ICL7660M-TR_C356724.html
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Low-pass filter

MOTOR ENCODERS VOLTAGE DIVIDERS

(OpenEMG project by charleslabs.fr)

High-pass filter

Differential amplifier

High-pass filter

CALCULATOR

EMG SENSOR

CALCULATOR

Tunable amplifier

CALCULATOR

Differential amplifier

CALCULATOR

CALCULATOR

(OpenEMG project by charleslabs.fr)

PCB TEMP SENSORS

CALCULATOR

Low-pass filter

EMG SENSOR

Tunable amplifier
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https://www.charleslabs.fr/en/project-OpenEMG+Arduino+Sensor
https://onechip.com/differential-amplifier-using-op-amp-calculator.html
https://www.jotrin.com/tool/details/YFGTLBQJSQ
https://www.jotrin.com/tool/details/YSFDQDTLBQJSQ
https://www.jotrin.com/tool/details/YSFDQDTLBQJSQ
https://www.jotrin.com/tool/details/YFGTLBQJSQ
https://www.charleslabs.fr/en/project-OpenEMG+Arduino+Sensor
https://onechip.com/differential-amplifier-using-op-amp-calculator.html
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Cutoff current 1A
RSENSE = 0.2 V / 0.5 A = 0.4 þÿ�©

Using PWM and GPIO signals on pins xIN1 and xIN2, we can control the speed (current) and direction of connected DC motors. Looking at the datasheet,
we can use xIN2 as PWM for speed, and xIN1 as direction input (HIGH for forward, LOW for reverse). PWM frequency should be 50kHz.

When the voltage on pin xISEN exceeds VTRIP (0.2 V), current regulation is activated. The RISENSE resistor should be sized to set the current cutoff level:
RISENSE = 0.2 V / ICHOP -> To set ICHOP to 1 A, RSENSE = 0.2 V / 1 A = 0.2 þÿ�©(finger linear actuator motors)
To set ICHOP to ~42.5mA, RSENSE = 0.2 V / 0.0425 A = ~4.7 þÿ�©(haptic feedback motors)

Using nSLEEP pin (EN) we can turn the specific IC off (by setting the pin to LOW) for lower power consumption, or just to turn the motors off. If pin is HIGH,
the device operates normally. When returning from sleep mode, some time (up to 1 ms) needs to pass before the motor driver becomes fully operational. Device
also features internal over-temperature protection (at ~160 þÿ�°�C�)�,it will auto shut off, nFAULT pin will be driven LOW, and once the temperature falls operation
resumes and nFAULT pin will be HIGH. Same behaviour in case of over-current detection over RISENSE resistors.

On ICs for main finger motor control, we double up the channels (connect them in parallel) for double the current (and power) for that given motor. We do this
to give us room for thermal design and possibly more powerful motors in future.

DRV8833PWPR PWM motor driver

Cutoff current 1A
RSENSE = 0.2 V / 0.5 A = 0.4 þÿ�©

DRV8833PWPR PWM motor driver

MOTOR CONTROLLER #2MOTOR CONTROLLER #1

Cutoff current 1A
RSENSE = 0.2 V / 0.5 A = 0.4 þÿ�©

DRV8833PWPR PWM motor driver

HAPTIC FEEDBACK MOTOR CONTROLLER

DRV8833PWPR PWM motor driver

Cutoff current ~42.5mA
RSENSE = 0.2 V / 0.0425 A = ~4.7 þÿ�©

MOTOR CONTROLLER #3
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