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Title, Block Diagram

Logic (USB, UART, Isolation, Microcontroller)

Power (Reverse polarity protection, H-Bridges)

The full source of this design is available at:
https://www.studentrobotics.org/git/boards/motor-v4-hw.git

USB ⇔ UARTUSB

UART

Isolation µC

Expansion
H-Bridge Motor

H-Bridge Motor
PWM

Current

Current

PWM

Voltage

Voltage

Regulation

Reverse
polarity
protection

Voltage

Power
This design is for 12V operation. Some component values,
as outlined below, must be changed for 24V operation.

Refdes 12V 24V
D3

R21,R37,R53

R22,R25,R33,R41,R49

C37,C38,C39,C40

C34,C36

sr-d-smaj15ca

sr-r-1k-1206

sr-r-4k3-0402

sr-c-pcf1c221mcl1gs

sr-c-10u-1206-16v

sr-d-smaj28ca

sr-r-2k2-1206

sr-r-9k1-0402

sr-c-10u-1206-50v

sr-c-pcv1v101mcl1gs
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1
VBUS

2
D-

3
D+

4
ID

5
GND

6
SHIELD

U
S

B

J1
sr-cn-usb-micro-b

R9
sr-r-1000k-0402

C19
sr-c-47n-0603-50v

L3
sr-fb-200m-1k-0402

C1
sr-c-4u7-0805-10v

VCCIO
1

GND
4

3V3OUT
16

GND
17

VCC
19

GND
20

AGND
24

U3
sr-ic-ft232rq

RXD
2

RI
3

DSR
6

DCD
7

CTS
8

CBUS4
9

CBUS2
10

CBUS3
11

USBDP
14

USBDM
15

RESET
18

CBUS1
21

CBUS0
22

TEST
26

OSCI
27

OSCO
28

TXD
30

DTR
31

RTS
32

U3
sr-ic-ft232rq

TP5

1

2

3

D1
sr-d-bat754c

1
2

DS1
sr-led-green-0805

3

2

4

1

J3
sr-cn-minicamcon4w

R1
sr-r-330-0402

C17
sr-c-10n-0402-25v

IFACE_GND

C18
sr-c-100n-0402-16v

USB_VCC

IFACE_GND

IFACE_GND

USB_VCC

UART_VCC

C7
sr-c-100n-0402-16v

C9
sr-c-100n-0402-16v

IFACE_GND

IFACE_VCC

IFACE_VCC

F1
sr-fuse-r50-1206

L9
sr-fb-200m-1k-0402

L10
sr-fb-200m-1k-0402

L6
sr-fb-200m-1k-0402

C21
sr-c-100n-0402-16v

C24
sr-c-1n-0402-50v

C25
sr-c-1n-0402-50v

IFACE_GND

UART_VCC

R14
sr-r-4k7-0402

R15
sr-r-4k7-0402

IFACE_RXD

IFACE_TXD

R5
sr-r-4k7-0402

R10
sr-r-10k-0402

USB_VCC

C11
sr-c-100n-0402-16v

IFACE_GND

1
2

DS6
sr-led-red-0805

R12
sr-r-330-0402

IFACE_VCC

VDD1
1

GND1
4

GND2
5

VDD2
8

U2
sr-ic-adum3211arz

VOa2

VIb
3

VOb
6

VIa 7

U2
sr-ic-adum3211arz

IFACE_TXD

IFACE_RXD

C13
sr-c-100n-0402-16v

IFACE_VCC

TP2

TP1

TP13

TP10

TP11
TP12

VBAT
1

VSSa
12

VDDa
13

VSS4
18

VDD4
19

VSS1
31

VDD1
32

VSS2
47

VDD2
48

VSS3
63

VDD3
64

U4
sr-ic-stm32f100r8

TAMPER-RTC/PC13
2

OSC32_IN/PC14 3

OSC32_OUT/PC15 4

OSC_IN/(PD0) 5

OSC_OUT/(PD1) 6

RST
7

ADC_IN10/PC0 8

ADC_IN11/PC1 9

ADC_IN12/PC2 10

ADC_IN13/PC3 11

PA0/ADC_IN0/WKUP14

PA1/ADC_IN115

PA2/ADC_IN2/USART2_TX16

PA3/ADC_IN3/USART2_RX17

PA4/ADC_IN420

PA5/ADC_IN521

PA6/ADC_IN622

PA7/ADC_IN723

ADC_IN14/PC4 24

ADC_IN15/PC5 25

PB0/ADC_IN826

PB1/ADC_IN927

PB2/BOOT1
28

PB10/USART3_TX29

PB11/USART3_RX30

PB12
33

PB13
34

PB14
35

PB15
36

PC6
37

PC7
38

PC8
39

PC9
40

PA8
41

PA9/USART1_TX42

PA10/USART1_RX43

PA11
44

PA12
45

TMS/(PA13) 46

TCK/(PA14) 49

TDI(PA15) 50

PC10
51

PC11
52

PC12
53

PD2
54

TDO/(PB3) 55

TRST/(PB4) 56

PB5
57

PB6
58

PB7
59

BOOT0
60

PB8
61

PB9
62

U4
sr-ic-stm32f100r8

+3V3

C14
sr-c-100n-0402-16v

TP4

C15
sr-c-100n-0402-16v+3V3

C16
sr-c-1u-0603-16v

L2
sr-fb-200m-1k-0402 +3V3

C5
sr-c-100n-0402-16v

C6
sr-c-100n-0402-16v

C8
sr-c-100n-0402-16v

C10
sr-c-100n-0402-16v

C12
sr-c-4u7-0805-10v

+3V3

Place 4u7 cap
next to VDD3

Analogue and digital GND
meet at STM32 VSSa pin

C20
sr-c-100n-0402-16v

2
1

D2
sr-d-mmsz4689t1g

USB data lines must be routed with 90ohm
differential impedance.

VTref
1

TMS/SWDIO
2

GND
3

TCK/SWCLK
4

GND
5

TDO/SWO
6

TDI
8

GNDDetect
9

nRESET
10

J4
sr-cn-header2x5-1.27mm

nRESET

nRESET
+3V3

1 3

2 4

Y1
sr-xtal-abmm2-8.000mhz-e2-tR17

sr-r-100-0402

C30
sr-c-27p-0402-50v

C29
sr-c-27p-0402-50v

12V12V

GND

L1
sr-fb-200m-1k-0402

C2
sr-c-47n-0603-50v

C3
sr-c-2u2-1206-50v

C4
sr-c-22u-0805-6v3

+3V3 TP3

C28
sr-c-100n-0402-16v

TP15
C27
sr-c-100n-0402-16v

R20
sr-r-10k-0402

R19
sr-r-10k-0402

R18
sr-r-10k-0402

BOOT0

1

3

2

Q1
sr-npn-bc846b

BOOT0

R16
sr-r-10k-0402

+3V3

C26
sr-c-470n-0603-25v

R13
sr-r-10k-0402

1
2

S1
sr-sw-button-ra

+3V3

nRESET

Minimum of 3ms pulse on BOOT0.
1ms pulse on nRESET while BOOT0 is high.

L4
sr-fb-200m-1k-0402

L5
sr-fb-200m-1k-0402

UC_TXD
UC_RXD

UC_TXD

UC_RXD

+3V3

R2
sr-nothing

R3
sr-nothing

R11
sr-nothing

If isolation is not required populate
R3 and R11 with 1k resistors,
R2 with a zero ohm link and
D14 with a 1N4148 or equivalent.

TP14

TP6

TP7

TP8

TP9

M0ENa

M0ENb

M0INa

M0INb

M0PWM

M1INa

M1ENa

M1ENb

M1INb

M1PWM

M1CS

M0CS

M0OUTa

M0OUTb

M1OUTa

12Vsense

M1OUTb

12Vsense

M0INa

M0INb

M0ENa

M0ENb

M0PWM

M0CS

M0OUTa

M0OUTb

M1INa

M1INb

M1ENa

M1ENb

M1PWM

M1CS

M1OUTa

M1OUTb

M0ENa
M0ENb

M0INa
M0INb

M0PWM

M1INa

M1ENa
M1ENb

M1INb

M1CS

M0CS
M0OUTa
M0OUTb

M1OUTa

12Vsense

M1OUTb

M1PWM

Both PWM lines are
connected to TIM2.
One is connected to
TIM3.

1
2

DS5
sr-led-blue-0805

R8
sr-r-330-0402

LED3
1

2

DS4
sr-led-red-0805

R7
sr-r-330-0402

LED2

1
2

DS3
sr-led-blue-0805

R6
sr-r-330-0402

LED1

1
2

DS2
sr-led-red-0805

R4
sr-r-330-0402

LED0

LED0
LED1
LED2
LED3

+3V3

12V

EXP_TX_MOSI
EXP_RX_MISO

EXP_SCL
EXP_SDA

EXP_TX_MOSIEXP_RX_MISO

EXP_SCL EXP_SDA

EXP_SCK

EXP_SCK

7

6

8

5

3

2

4

1

J2
sr-cn-header2x4-std

L7
sr-fb-200m-1k-0402

C22
sr-c-1u-0603-16v

L8
sr-fb-200m-1k-0402

C23
sr-c-2u2-1206-50v

UART_VCC may be between 3.3V and 5V. When UART_VCC is 3.3V the
FT232R will be out of spec in terms of operation with the internal oscillator.
However, after testing, it has been determined that the TX output is reliably
tri-stated with a low supply voltage and the internal oscillator, which is all
that is required.

Pressing S1 puts the STM32 into its ROM bootloader to allow
firmware to be loaded over UART1 (either USB or the direct UART interface).

3

2 1

D10
sr-d-gsot05c

L12
sr-l-68u-900ma

1 2

3

D13
sr-d-bat754c

R56
sr-r-33k2-0402R57

sr-r-10k-0402

1
CB

2 GND

5
Vin

4
SHDN

6
SW

3
FB

U1
sr-ic-lmr14203

C50
sr-c-220n-0402-16v

C52
sr-c-22u-0805-6v3

C51
sr-c-33n-0402-25v

21

D14
sr-nothing

1 6 3 4

2

5

VR1
sr-d-82400102

TP41

B
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OUTa
1

INa
4

ENa/DIAGa
5

CS_DIS6

PWM
7

CS
8

ENb/DIAGb
9

INb
10

OUTb
15

OUTb
16

OUTb
21

OUTa
25

OUTa
30

OUTa
HS2

OUTb
HS3

U5
sr-ic-vnh5019

VCC
3

CP
11

VBAT
12

VCC
13

GNDb
18

GNDb
19

GNDb
20

VCC
23

GNDa
26

GNDa
27

GNDa
28

VCC
HS1

U5
sr-ic-vnh5019

OUTa
1

INa
4

ENa/DIAGa
5

CS_DIS6

PWM
7

CS
8

ENb/DIAGb
9

INb
10

OUTb
15

OUTb
16

OUTb
21

OUTa
25

OUTa
30

OUTa
HS2

OUTb
HS3

U6
sr-ic-vnh5019

VCC
3

CP
11

VBAT
12

VCC
13

GNDb
18

GNDb
19

GNDb
20

VCC
23

GNDa
26

GNDa
27

GNDa
28

VCC
HS1

U6
sr-ic-vnh5019

2

1

J5
sr-cn-camcon2w

2

1 4

3

L11
sr-cm-20a-170r

C31
sr-c-100n-0603-50v

12V

12V

GND

12V

1
2

C38
sr-c-pcf1c221mcl1gs

1
2

C40
sr-c-pcf1c221mcl1gs

C32
sr-c-100n-0603-50v

TP17

4 81

7
6

5

2
3

Q2
sr-fet-n-irfh5301

VBATT

CP

1
2

C37
sr-c-pcf1c221mcl1gs

12V

1
2

C39
sr-c-pcf1c221mcl1gs

12V

C34
sr-c-10u-1206-16v

C33
sr-c-100n-0603-50v

C36
sr-c-10u-1206-16v

C35
sr-c-100n-0603-50v

2

1

J6
sr-cn-camcon2w-5mm

M0OUTaRAW

M0OUTbRAW

2

1

J7
sr-cn-camcon2w-5mm

M1OUTaRAW

M1OUTbRAW

R36
sr-r-1k-0402

M0PWM

R31
sr-r-1k-0402

M0INb

R28
sr-r-1k-0402

M0INaR27
sr-r-1k-0402

R24
sr-r-4k7-0402

R30
sr-r-1k-0402

R29
sr-r-4k7-0402

+3V3

+3V3

+3V3

M0ENa

M0ENb

R52
sr-r-1k-0402

M1PWM

R47
sr-r-1k-0402

M1INb

R44
sr-r-1k-0402

M1INaR43
sr-r-1k-0402

R40
sr-r-4k7-0402

R46
sr-r-1k-0402

R45
sr-r-4k7-0402

+3V3

M1ENa

M1ENb

R32
sr-r-10k-0402

R39
sr-r-1k1-0402

R38
sr-r-10k-0402

C45
sr-c-33n-0402-25v

M0CS

R48
sr-r-10k-0402

R55
sr-r-1k1-0402

R54
sr-r-10k-0402

C49
sr-c-33n-0402-25v

M1CS

M0INa

M0ENb

M1INa

M1INb

M0INb

M0ENa

M1ENb

M1ENa

M0PWM

M1PWM

M0ENa

M0ENb

M0INa

M0INb

M0PWM

M1INa

M1ENa

M1ENb

M1INb

M1PWM

M0CS

M1CS M1CS

M0CS

R25
sr-r-4k3-0402

R26
sr-r-1k1-0402

C42
sr-c-33n-0402-25v

M0OUTa M0OUTaRAW

R33
sr-r-4k3-0402

R34
sr-r-1k1-0402

C43
sr-c-33n-0402-25v

M0OUTb M0OUTbRAW

R41
sr-r-4k3-0402

R42
sr-r-1k1-0402

C46
sr-c-33n-0402-25v

M1OUTa M1OUTaRAW

R49
sr-r-4k3-0402

R50
sr-r-1k1-0402

C47
sr-c-33n-0402-25v

M1OUTb M1OUTbRAW

M0OUTa

M0OUTb

M1OUTa

M1OUTb

M0OUTa

M0OUTb

M1OUTa

M1OUTb

1

2

3
D6

sr-d-bat754s

+3V3

1

2

3
D7

sr-d-bat754s

+3V3

1

2

3
D8

sr-d-bat754s

+3V3

1

2

3
D9

sr-d-bat754s

+3V3

R22
sr-r-4k3-0402

R23
sr-r-1k1-0402

C41
sr-c-33n-0402-25v

12Vsense 12V

1

2

3
D4

sr-d-bat754s

+3V3

12Vsense12Vsense

R37
sr-r-1k-1206

R53
sr-r-1k-1206

R21
sr-r-1k-1206

R35
sr-r-10k

C44
sr-c-100n-0603-50v

R51
sr-r-10k

C48
sr-c-100n-0603-50v

D3
sr-d-smaj15ca

VBATT

TP16

TP18

TP19

TP20

TP21

TP22

TP23

TP24

TP25

TP26

TP29

TP30

TP31

TP32

TP33

TP34

TP35

TP36

TP27

TP37

TP28

TP38

1

2

A B

DS7
sr-led-redgreen-0805

A = Red
B = Green

1
2

DS8
sr-led-redblue-dual

4
3

DS8
sr-led-redblue-dual

1
2

DS9
sr-led-redblue-dual

4
3

DS9
sr-led-redblue-dual

2
1

D5
sr-d-bzx384c3v3

+3V3

R39 and R55 chosen to give a full-scale current
measurement of 21A. The VNH5019 scaled the
current by a factor of 7000 and the full-scale
voltage we can measure is 3.3V.

3

2 1

D11
sr-d-gsot24c

M0OUTbRAW

M0OUTaRAW

3

2 1

D12
sr-d-gsot24c

M1OUTbRAW

M1OUTaRAW

R60
sr-r-10k-0402

1

3

2

Q3
sr-npn-bc846b

VBATT

R59
sr-r-10k-0402

R58
sr-r-10k-0402

CP

3
1

D15
sr-d-bat754a 3

2

D15
sr-d-bat754a

The VBATT terminal on the VNH5019 cannot handle more than -16V. So
the circuit to the left isolates the VNH5019s completely when any negative
voltage is applied to. This allows up to -24V to be applied without damage.

When a negative voltage is applied the second diode in D15 protects the
CP pins. Q3 is turned on by the first diode in D15 and clamps the reverse
polarity protection FET (Q2) gate to its source, keeping it off. R60 limits
the current through the D15 clamping diode.

TP40TP39

B


