
Features

• A single solution based on a Control Board, a Main back-bone board and six 
Leg Power Boards

• Modular fault-tolerant solution for a six-phase AC Motor Drive
• Each Leg Board hosts:

– Two STGB20M65DF2 trench gate field-stop, 650 V, 20 A, M series low-
loss IGBTs D2PAK-2 package

– One STGAP2D half-bridge gate driver, 4 A capability, and rail-to-rail 
outputs

– One NTC thermistor for overheat protection
– An insulated metal substrate (IMS)

• The Main Board hosts:
– A 164 position female PCI express connector as interface with the 

Control Board
– Six fast-acting fuses for leg short circuit protection
– Six NTC sensing networks
– An auxiliary power supply based on two L6902D013 step-down 

switching regulators
– The support to six insulated Current sensors (ICS) for phase current 

reading
– Support to quadrature incremental encoder, hall-effect rotor position, 

and resolver sensors
– Six relays for motor terminal disconnection
– The support to phase voltage sensing network

• The Control Board hosts:
– A STM32G473QB microcontroller
– A STLinkV3 14-pins connector for MCU programming and serial 

communication
– A 164 pins PCI-Express PCB connector

Description

The STEVAL-FTD01KCB evaluation kit is designed to provide a complete and 
modular fault-tolerant solution for a six-phase AC motor drive. The kit consists of the 
STEVAL-FTD01ACB Control Board, the STEVAL-FTD01BCB Main Board, and six 
STEVAL-FTD01CCB leg Power Boards.

The Control Board has been designed as a 164 pins PCI Express® ready PCB, it 
hosts a STM32G473QB microcontroller (based on the Arm Cortex-M4 MCU, 170 
MHz with 128 Kbytes of flash memory, math accelerator, high analog level 
integration), an STLINK V3 connector to program the MCU and make a serial 
communication with the PC.
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Product summary

Fault-tolerant six-
phase industrial 
inverter

STEVAL-
FTD01KCB

Trench gate field-
stop, 650 V, 20 A, M 
series low-loss 
IGBTs D2PAK-2 
package

STGB20M65DF2

Arm Cortex-M4 
MCU 170 MHz with 
128 Kbytes of Flash 
memory, Math 
Accelerator

STM32G473QB

Up to 1 A switching 
regulator with 
adjustable current 
limit

L6902D013

half-bridge gate 
driver, 4 A capability 
and rail-to-rail 
outputs

STGAP2D

Applications

Industrial electrical 
drives (e.g., 
manufacturing 
processes, 
industrial 
transportation, 
aircraft)

 1.5 kW, 400 Vdc fault tolerant six-phase motor drive 
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The Main Board represents the core part of the modular approach of this fault tolerant solution, in fact it is 
composed by six square holes where the Leg Boards could be mechanically fitted, it hosts a 164 pin female PCI 
Express® connector, six NTC sensing networks for inverter leg thermal protection, six fuses for short circuits 
protection, and six relays for phase opening, phase current and phase voltage sensing features. Moreover, the 
Main Board hosts two L6902D013 step-down switching regulators as an auxiliary power supply and the support 
for rotor position sensors (hall effect, incremental quadrature encoder and resolver).

Each inverter Leg Board features the STGAP2D, a half-bridge gate driver to isolate the gate driving channels from 
the low voltage control and interface circuitry. The gate driver is characterized by 4 A capability and rail-to-rail 
outputs, making the device also suitable for high power inverter applications such as motor drivers in industrial 
applications. Moreover, the Leg Board hosts the trench gate field-stop, 650 V, 20 A, M series low-loss IGBT 
(STGB20M65DF2).

The overall system is designed to be galvanically isolated between the MCU and power stages.
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1 Schematic diagrams

Important: These schematics are for illustration purpose only. Actual product may vary depending on buyer’s selection and 
availability.

Figure 1. STEVAL-FTD01ACB circuit schematic (1 of 28)
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Figure 2. STEVAL-FTD01ACB circuit schematic (2 of 28)
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Figure 3. STEVAL-FTD01ACB circuit schematic (3 of 28)
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Figure 4. STEVAL-FTD01ACB circuit schematic (4 of 28)
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.

Figure 5. STEVAL-FTD01ACB circuit schematic (5 of 28)
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ANALOG_INPUT ANALOG_FILTERED

C21
1nF
10%

R16

100

STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 6. STEVAL-FTD01ACB circuit schematic (6 of 28)

RC filter close to MCU pin
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implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.

Figure 7. STEVAL-FTD01ACB circuit schematic (7 of 28)

RC filter close to MCU pin
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that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
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Figure 8. STEVAL-FTD01ACB circuit schematic (8 of 28)

RC filter close to MCU pin
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and test your design implementation to confirm the system
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Figure 9. STEVAL-FTD01ACB circuit schematic (9 of 28)

RC filter close to MCU pin
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Figure 10. STEVAL-FTD01ACB circuit schematic (10 of 28)

RC filter close to MCU pin
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Figure 11. STEVAL-FTD01ACB circuit schematic (11 of 28)

RC filter close to MCU pin
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Figure 12. STEVAL-FTD01ACB circuit schematic (12 of 28)

RC filter close to MCU pin
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that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
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Figure 13. STEVAL-FTD01ACB circuit schematic (13 of 28)

RC filter close to MCU pin
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Figure 14. STEVAL-FTD01ACB circuit schematic (14 of 28)

RC filter close to MCU pin

ANALOG_INPUT ANALOG_FILTERED

C30
1nF
10%

R25

100

STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.

Figure 15. STEVAL-FTD01ACB circuit schematic (15 of 28)

RC filter close to MCU pin

STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein. 
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation. 
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application. 
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Figure 16. STEVAL-FTD01ACB circuit schematic (16 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.

Figure 17. STEVAL-FTD01ACB circuit schematic (17 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 18. STEVAL-FTD01ACB circuit schematic (18 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.

Figure 19. STEVAL-FTD01ACB circuit schematic (19 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 20. STEVAL-FTD01ACB circuit schematic (20 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 21. STEVAL-FTD01ACB circuit schematic (21 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 22. STEVAL-FTD01ACB circuit schematic (22 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.

Figure 23. STEVAL-FTD01ACB circuit schematic (23 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 24. STEVAL-FTD01ACB circuit schematic (24 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.

Figure 25. STEVAL-FTD01ACB circuit schematic (25 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 26. STEVAL-FTD01ACB circuit schematic (26 of 28)

STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 27. STEVAL-FTD01ACB circuit schematic (27 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.
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Figure 28. STEVAL-FTD01ACB circuit schematic (28 of 28)

RC filter close to MCU pin
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STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained
therein.
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications, will be suitable for your
application or fit for any particular purpose, or will operate in an
implementation.
STMicroelectronics and/or its licensors do not warrant
that the design is production worthy. You should completely validate
and test your design implementation to confirm the system
functionality for your application.

Figure 29. STEVAL-FTD01BCB circuit schematic (1 of 23)

Connectors towards LEG 1

"STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained therein. 
STMicroelectronics and/or its licensors do not warrant that
this design will meet the specifications of, or be suitable for, any particular
application, purpose or implementation. 
STMicroelectronics and/or its licensors do not warrant that the design is
production worthy. You should thoroughly validate and test any implementation
of this design to confirm the functionality of the application." 
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Figure 30. STEVAL-FTD01BCB circuit schematic (2 of 23)
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Figure 31. STEVAL-FTD01BCB circuit schematic (3 of 23)

"STMicroelectronics and/or its licensors do not warrant the accuracy or
completeness of this specification or any information contained therein. 
STMicroelectronics and/or its licensors do not warrant that this design
will meet the specifications of, or be suitable for, any particular application,
purpose or implementation. 
STMicroelectronics and/or its licensors do not warrant that the design is 
production worthy. You should thoroughly validate and test any implementation
of this design to confirm the functionality of the application." 
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Figure 32. STEVAL-FTD01BCB circuit schematic (4 of 23)
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Figure 33. STEVAL-FTD01BCB circuit schematic (5 of 23)
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Figure 34. STEVAL-FTD01BCB circuit schematic (6 of 23)
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Figure 35. STEVAL-FTD01BCB circuit schematic (7 of 23)
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Figure 36. STEVAL-FTD01BCB circuit schematic (8 of 23)
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Figure 37. STEVAL-FTD01BCB circuit schematic (9 of 23)
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Figure 38. STEVAL-FTD01BCB circuit schematic (10 of 23)
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Figure 39. STEVAL-FTD01BCB circuit schematic (11 of 23)
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Figure 40. STEVAL-FTD01BCB circuit schematic (12 of 23)
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Figure 41. STEVAL-FTD01BCB circuit schematic (13 of 23)
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Figure 42. STEVAL-FTD01BCB circuit schematic (14 of 23)

15V_ISO

GND_ISO

GND

U12
B1215XT-1WR3

GND1

+Vout 5

N
C

8

Vin+2

0V 4

J 77

con1-s trip-ma le

1

C30
1uF

C31
1uF

Figure 43. STEVAL-FTD01BCB circuit schematic (15 of 23)
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Figure 44. STEVAL-FTD01BCB circuit schematic (16 of 23)

"STMicroelectronics and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. 
STMicroelectronics and/or its licensors do not warrant that this design will meet the specifications of, or be suitable for, any particular application, purpose or implementation. 
STMicroelectronics and/or its licensors do not warrant that the design is production worthy. 
You should thoroughly validate and test any implementation of this design to confirm the functionality of the application." 
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Figure 45. STEVAL-FTD01BCB circuit schematic (17 of 23)
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Figure 46. STEVAL-FTD01BCB circuit schematic (18 of 23)

"STMicroelectronics and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. 
STMicroelectronics and/or its licensors do not warrant that this design will meet the specifications of, or be suitable for, any particular application, purpose or implementation. 
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You should thoroughly validate and test any implementation of this design to confirm the functionality of the application." 
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Figure 47. STEVAL-FTD01BCB circuit schematic (19 of 23)
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You should thoroughly validate and test any implementation of this design to confirm the functionality of the application." 
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Figure 48. STEVAL-FTD01BCB circuit schematic (20 of 23)

"STMicroelectronics and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. 
STMicroelectronics and/or its licensors do not warrant that this design will meet the specifications of, or be suitable for, any particular application, purpose or implementation. 
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You should thoroughly validate and test any implementation of this design to confirm the functionality of the application." 
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Figure 49. STEVAL-FTD01BCB circuit schematic (21 of 23)
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Figure 50. STEVAL-FTD01BCB circuit schematic (22 of 23)
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Figure 51. STEVAL-FTD01BCB circuit schematic (23 of 23)

"STMicroelectronics and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. 
STMicroelectronics and/or its licensors do not warrant that this design will meet the specifications of, or be suitable for, any particular application, purpose or implementation. 
STMicroelectronics and/or its licensors do not warrant that the design is production worthy. 
You should thoroughly validate and test any implementation of this design to confirm the functionality of the application." 

5V/1A
12V

GND

5V

GND_PWR

+5V_PWR

Vin

3V3

5V 3V3

GND GND

+5V_PWR

5V

GND
U29

ESDA6V1LY

K11 K22

A3

D19

SM4T18AY

R134

0.1

12

C125

120pF1
2

D17
LED RED

A
C

L5

47uH
1 2

0

0

L6

330Ohm@100MHz

12

0

L2

330Ohm@100MHz

12

C117
15nF1

2

D18
LED RED

A
C

R141

0.1
12

J60

NTE0505MC-R

1 -Vin 14NA33 +Vin 12NA25 NA 10NA17 -Vout 8+Vout

R143
9.1k

1
2

+ C126
47uF

1
2

R135

13k
12

JP1

Con2

1
12
2

R144
5.49k

1
2

D15

STPS5H100AFY
A C

C
12

0

3.
3u

F
1

2

R137
4.3k

1
2

D20
STPS360AFY

A
C

D16
STPS360AFY

A
C

C123

15nF1
2

C128
0.1uF

R136
9.1k

1
2

L6902D013TR
IC1

OUT
1

CS+
2

CS-
3

GND7 FB5
COMP

4

8
VCC

Vref6

U30
ESDA5V3LY

K11 K22

A3

R142

9.1k

12

R138
1.33k

+ C118
47uF

1
2C119

150pF

C127

0.1uF

L6902D013TR
IC2

OUT
1

CS+
2

CS-
3

GND7 FB5
COMP

4

8
VCC

Vref6

R139
820

L1 68uH
1 2

C124
3.3uF

1
2

Vin

GND

-Vout_DC_DC

Figure 52. STEVAL-FTD01CCB circuit schematic (1 of 1)
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2 Custom evaluation boards information

Important: These evaluation boards are custom designed and built, in small quantities, according to specific requests from 
customers and are destined for evaluation and testing of ST products in a research and development setting. 
Please contact ST to provide your specific requests and get your custom built board(s).
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Revision history

Table 1. Document revision history

Date Version Changes

19-Sep-2023 1 Initial release.
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IMPORTANT NOTICE – READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST 
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST 
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of 
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names 
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2023 STMicroelectronics – All rights reserved

STEVAL-FTD01KCB

DB5097 - Rev 1 page 32/32

http://www.st.com/trademarks

	STEVAL-FTD01KCB
	Cover image
	@NA Device summary
	Features
	Description
	1 Schematic diagrams
	2 Custom evaluation boards information
	Revision history

