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Introduction

The STM32 Nucleo board is a low-cost and easy-to-use development platform used to
quickly evaluate and start a development with an STM32 in 32-pin package, 64-pin package
and 144-pin package.

This document provides guidelines to beginners on how to build and run a sample
application and allows them to build and debug their application. It has the following
structure:

e The first chapter presents software and hardware requirements (some toolchains
supporting the STM32 families, ST-LINK/V2-1 installation and firmware package
presentation).

e The second chapter provides step by step guideline on how to build and debug an
application using some toolchains:

- IAR Embedded Workbench® for ARM® (EWARM) by IAR systems®
— Microcontroller Development Kit for ARM® (MDK-ARM) by Keil®

— TrueSTUDIO® by Atollic®

— System Workbench for STM32 (SW4STM32) by AC6

This manual does not cover all the topics relevant to software development environments,
but it demonstrates the first basic steps necessary to get started with the
compilers/debuggers and offers links to the documents needed to fully understand every
single step.

All boards belonging to the STM32 MCU Nucleo line are supported.

Figure 1. Nucleo development tools
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1 System requirements

Before starting the user should:
1. Install the preferred Integrated Development Environment (IDE).

2. ST-LINK/V2-1 driver will be installed automatically. In case of problem, the user can
proceed with manual installation of the driver, from toolchains install directory (further
details are available in Section 3).

3. Download the STM32 Nucleo firmware from the www.st.com/stm32nucleo webpage.

4. Establish the connection with the STM32 Nucleo board, by connecting CN1 of the
Nucleo board to the USB port of the PC (Figure 2,Figure 3 and Figure 4 show the
connector CN1 inside the red circle).

The above steps will be detailed in the coming sections.

Figure 2. Connector CN1 for Nucleo 144 board
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Figure 3. Connector CN1 for Nucleo 64 board
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Figure 4. Connector CN1 for Nucleo 32 board
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IDEs supporting STM32 families

STMicroelectronics STM32 families of 32-bit ARM® Cortex® -M core-based microcontrollers
are supported by a complete range of software tools. It encompasses traditional integrated
development environment IDEs with C/C++ compilers and debuggers from major
third-parties (free versions up to 64 Kbytes of code, depending on third-party), completed
with innovative tools from STMicroelectronics.

Toolchains supporting all Nucleo boards are:

EWARM v7.10.3 or later(@

—  30-day evaluation edition

—  32-Kbyte Limited QuickStart edition (16-Kbyte limitation for Cortex M0)
MDK-ARM v5.17 or later(@)(P)

—  MDK-Lite (32-Kbyte code size limitation)

TrueSTUDIO Lite v5 or later()

— No limitation

SW4STM32 v1.5 and later(®)

— No limitation

Information on the toolchain version supporting the STM32 device is available on toolchain
release note at third-party web site.

a.

Registration before the download is required.

b. The device support pack is separate from the MDK-ARM releases.

3
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ST-LINK/V2-1 installation

3

Note:

3

ST-LINK/V2-1 installation

All the STM32 Nucleo boards include an ST-LINK/V2-1 embedded debug tool interface.
This interface needs a dedicated USB driver to be installed. This driver is available at the
www.st.com website and supported within the following software toolchains:

IAR Embedded Workbench for ARM (EWARM).

The toolchain is installed by default in the C:\Program Files\IAR Systems\Embedded
Workbench x.x directory on the PC local hard disk.

After installing EWARM, install the ST-LINK/V2-1 driver by running
the ST-Link_V2_USB.exe from [IAR_INSTALL_DIRECTORY]\Embedded Workbench
x.x\arm\drivers\ST-Link \ST-Link_V2_USBdriver.exe.

Keil Microcontroller Development Kit (MDK-ARM) toolchain.

The toolchain is installed by default in the C:\Keil directory on the PC local hard disk;
the installer creates a start menu pVision5 shortcut.

When connecting the ST-LINK/V2-1 tool, the PC detects new hardware and requires to
install the ST-LINK_V2_USB driver. The “Found New Hardware wizard” appears and
guides the user through the steps needed to install the driver from the recommended
location.

Atollic TrueSTUDIO STM32.

The toolchain is installed by default in the C:\Program Files\Atollic directory on the PC
local hard disk.

The ST-Link_V2_USB.exe file is automatically installed when installing the software
toolchain.

AC6 System Workbench for STM32 (SW4STM32).

The toolchain is installed by default in the C:\Program Files\AC6 directory on the PC
local hard disk.

The ST-Link_V2_USB.exe file is automatically executed when installing the software
toolchain.

Complementary information on the firmware package content and the STM32 Nucleo
requirements is available on the Getting started with the STM32 Nucleo board firmware
package UM1726 User manual at the www.st.com website.

The embedded ST-LINK/V2-1 only supports SWD interface for STM32 devices.
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4 Firmware package

The STM32 Nucleo examples, applications and demonstration are provided in one single
.zip file. The extraction of the .zip file generates one folder, STM32 Nucleo_FW_VX.Y.Z,
which contains the following subfolders (see Figure 5).

Figure 5. Package contents

4 STM32_MNucleo PW VXY Z
_htmresc
Libraries
4 | Projects
4 | NUCLEQ-FO30R2
Demanstration
4 | 10 _Toggle
Binary
EWARM
MDE-ARM Example project
* 1) TrueSTUDIO
IWDG_Reset
PWR_CurrentConsumption
4 | Template
EWARM
MDE-ARM
> TrueSTUDIO
TIM_PWMInput
MNUCLEQ-F103RE
MNUCLEQ-L152RE
Utilities

Template project

e  Template project is a pre-configured project with empty main function to be
customized by the user. This is helpful to start creating an application based on the
peripherals drivers.

e Example project includes toolchain projects for each peripheral example ready to be
run.

e Applications includes set of applications ready to be run.
e Demonstration includes the demonstration firmware ready to be run.

41 Executing and debugging firmware using software
toolchains
The steps below can be applied to an already existing example, demonstration or template

project available from STM32_Nucleo_FW_VX.Y.Z firmware at the www.st.com website.

First of all, the user must read the firmware/readme.txt file, which contains the firmware
description and hardware/software requirements.

3
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411 EWARM toolchain

The following procedure explains how to compile, link and execute an existing EWARM
project.

1.  Open IAR Embedded Workbench for ARM (EWARM). Figure 6 shows the basic names
of the windows referred to in this document:

Figure 6. IAR Embedded Workbench IDE
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2. In the File menu, select Open and click Workspace to display the Open Workspace
dialog box. Browse to select either an example or demonstration or template
workspace file and click Open to launch it in the Project window.

3. Inthe Project menu, select Rebuild All to compile the project.
4. If the project is successfully compiled, Figure 7 is displayed.

Figure 7. EWARM project successfully compiled

Linking

Total number of errors: 0
Tatal number of warnings: 0

Ready

To change the project settings (Include and preprocessor defines), go through the
following project options:

—  For Include directories:
Project>Options...>C/C++ compiler>
—  For pre-processor defines:
Project>Options...C/C++ compiler>pre-processor>

3
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5. In IAR Embedded Workbench IDE, from the Project menu, select Download and
Debug or, alternatively, click the Download and Debug button in the toolbar, to
program the Flash memory and start debugging (see Figure 8).

Figure 8. Download and debug button

File Edit View Project Tools Window Help

Dzl d v BE G 8 b
T —
I = | Download and Debug

6. The debugger in IAR Embedded Workbench can be used to debug source code at C
and assembly levels, set breakpoints, monitor individual variables and watch events
during the code execution (see Figure 9).

Figure 9. IAR Embedded Workbench debugger screen

File Edit View Project Debug Disassembly ST-LINK Tools Window Help
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S| 823 LEE22Z X
Workspace x |E— | ~ x Disassembly x
[10_Tongle = uint®_t BlinkSpeed = 0; e B
Eila F /* Private fur_'-:‘.::'_on DYOLOLYDES ——-— - s oo mmmmm e Disassembly =
RCC ClocksTypeDef RCC Clocks; :
E10_Toggle ... v R D R L e S R L S 0x8000614: Dxf[
[ EvARM ??DataTablel_4:
FECISTMIZ_N. =W i 0x8000618: O=f
BSTMSZFDX... # fbrief Main program | ??DataTablel_&:
8 01 User # gparam None = 0=x800061c: Oxf
[:IOutput *+ fretval None ??DataTablel _6:

- wy 0x8000620: O=d
B  main{void) ??DataTablel_7:

=1 _ ) 0x8000624: Oxf
= /*1< At this stage the microcontroller clock setting i1s a! int main{void)
this is done through SystemInit () function which is ¢ T
file (startup stm32f030.s} before to branch to appli:
To reconfigure the default sstting of SystemInit() fi
10_Toggle L - cuctam etmiPFAvY ~ Fila = | e ;

Messages

Building configquration: 10_Toggle - 10_Toggle
Updating build tree...

Configuration is up-to-date.

4 m

b
=
2 Debuglog Build X
-R_ead)r i

Errors 0, Warnings 0

To run the application from the Debug menu, select Go. Alternatively, click the Go
button in the toolbar to run the application (see Figure 10).

3
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Firmware package

4.1.2

Figure 10. Go button
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MDK-ARM toolchain

1.  Open Keil MDK-ARM Microcontroller Development Kit. Figure 11 shows the basic
names of the "Keil pvision5" windows, to which this document refers.

Figure 11. pvision5 IDE
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2. Inthe Project menu, select Open Project... Browse to select either an example or a

demonstration or a template project file and click Open to launch it in the Project
window.

3. Inthe Project menu, select Rebuild All target files to compile the project.
4. If the project is successfully compiled, the following window is displayed (see

Figure 12):
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Figure 12. MDK-ARM project successfully compiled
Build Output ]
Build target 'I0 Toggle' -
linking...

PFrogram Size: Code=l6lé R0-data=232 EW-data=32 ZI-data=l1l0&64

".ANIQ ToggleM\IC Toggle.axf"™ - 0 Error(s), 0 Warning(s).

2

If user needs to change his project settings (Include and preprocessor defines), he
must go through the project options:

—  For Include directories:

Project>Options for Target > C/C++ > Include Paths
—  For pre-processor defines:

Project>Options for Target > C/C++ > Preprocessor symbols > Define

5. In MDK-ARM IDE, from the Debug menu, select Start/Stop Debug Session or,
alternatively, click the Start/Stop Debug Session button in the toolbar, to program the
Flash memory and start debugging (see Figure 13).
Figure 13. Start/Stop Debug Session button
& A a| B EE L al@) o o6 alET R
L&) ¥ | Systick [« & | d i} start/Stop Debug Session (ctn+r5)‘
Project 7 &l Enter or leave a debug session
6.

The debugger in the MDK-ARM can be used to debug source code at C and assembly

levels, set breakpoints, monitor individual variables and watch events during the code
execution.
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Figure 14. MDK-ARM debugger screen
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62: Al |
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D startup_stm32f030.5 D ‘main.c v X
cFFFFF. = To reconfigure the default setting of SystemInit() function, refer to -
- RB OFFFEF, 13 system stm32f0xx.c file I
Rs DFFFFF =4 =/
~R1D BFFFFF il
~R1 OFFFEF, 59 /% SysTick end of count event sach 1lms */
R12 BFFFFE [{> 60 || RCC_GetClocksFreq(&RCC_Clocks):
61 SysTick_Config(RCC_Clocks.HCLE Frequency / 1000): A
62 |E
€3 /* Initialize LED2 */
64 STM_EVAL LEDInit (LEDZ):
L]
66 /% Initialize User Button on STM3ZNUCLEC */
&7 STM_EVAL PBInit (BUTTON_USER, BUTTCN_MODE_EXTI):
68
(3] /* Initiate Blink Speed variable */
70 BlinkSpeed = 0;
71 2
[EProject | = Registers < , ] L)

Command 1 Call Stack + Locals n
Load "C:\\5TM32_Nucleo_FW_V1.0.0\\Projects\\NUCLEO-FO30R & | pooo Location/Value Tvpe
@ main 0x080006AC int f{)
4 n | 2
>
ASSIGN BreakDisable BreakEnable BreakKill BreakList | (31‘1[3\\ Stack + Locals |ﬂl-.15ma|3-‘1
ST-Link Debugger t1: 0.00000000 sec L60 C:1

To run the application from the Debug menu, select Run. Alternatively, click the Run

button in the toolbar to run the application (see Figure 15).

Figure 15. Run button
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Registers
= Run (F5)

Reqgister Start code execution
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4.1.3 TrueSTUDIO toolchain

1. Open Atollic TrueSTUDIO for ARM product. The program launches and prompts for the
workspace location.

Figure 16. TrueSTUDIO workspace launcher dialog box
E Workspace Launcher &J

Select a workspace

Atollic TrueSTUDIO® for ARME stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Workspace:  C:\STM32_Nucleo_FW_V1.0.0\Projects\NUCLEQ-FO30R8\IO_Toggle\TrueSTU +

| [T Use this as the default and do not ask again

[ ok || cancel

2. Browse to select a TrueSTUDIO workspace of either an example or a demonstration or
a template workspace file and click OK to load it.

3. Toload an existing project in the selected workspace, select Import from the File menu
to display the Import dialog box.

4. Inthe Import window, open General, select Existing Projects into Workspace and
click Next (see Figure 17).

3
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Figure 17. Atollic TrueSTUDIO import source select dialog box

Qe el

Select
. E\A f
Create new projects from an archive file or directory,

Select an import source:

f,rpe filter text

4 = General
@; Archive File
1= Existing Projects into Workspace
[, File System
E Preferences

b = C/C++

p & CVS

[+ [= Example projects

I & Git

i [ Install

[+ [= Run/Debug

[ (= SVN

I» &= Tasks

I [ Team
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5. Click Select root directory and browse to the TrueSTUDIO workspace folder, as
showed in Figure 18.

Figure 18. Atollic TrueSTUDIO import projects dialog box

Qre T
Import Projects - .
Select a directory to search for existing Eclipse projects. @“
@ Select root directory:  C:\STM32_Nucleo_FW_V1.0.0\Projects\NUCLEC
() Select archive file: | Browse.. |
Projects:

10_Toggle (C:ASTM32_Nucleo_FW_V1.0.04Projects\NUCLEQ-F)30F Select All

Deselect All

i 11 3

[] Copy projects into workspace
Working sets
[] Add project to working sets

Working sets: v Select...

@ Net> | [_Finish ][ Cancel
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6. Inthe Projects panel, select the project and click Finish.

7. Inthe Project Explorer, select the project, open the Project menu, and click Build
Project.

8. If the project is successfully compiled, the following messages will be displayed on the
console window (see Figure 19).

Figure 19. TrueSTUDIO project successfully compiled

'.;'_:'_ Problems | | Tasks | Bl Console &2 = Properties &€ 4 | A ah II| hE i
CDT Build Conscle [I0_Toggle]

STM32F@xx_StdPeriph_Driver\stm32f@xx_dbgmcu.o STM32F@xx_StdPeriph_Driver\stm32féxx_dac.o STM32F@xx_StdPeriph_Driver\stm32féxx_crc.o *
STM32F@xx_StdPeriph_Driver\stm32f@xx_comp.o STM32F@xx_StdPeriph_Driver\stm32f@xx_cec.o STM32F@xx_StdPeriph_Driver\stm32fexx_adc.o
-0 I0 Toggle.elf -mthumb -mcpu=cortex-m@ -T..\STM32F@38R8_FLASH.1ld -Wl,--start-group -lc -1m -Wl,--end-group -static
-Wl,-cref,-u,Reset_Handler -Wl,-Map=I0 Toggle.map -Wl,--gc-sections -Wl,--defsym=malloc_getpagesize_ P=-8x1088@
C:\Program Files (x86)\Atollic\TrueSTUDIO for ARM Pro 4.3.1\ide‘\jre\bin\java -jar C:\Program Files (x86)‘\Atollic\TrueSTUDIO for ARM
Pro 4.3.1\Tools\arm-atollic-reports.jar sizeinfo I0_Toggle.elf
Generate build reports...
Print size information

text data bss dec hex filename

2064 32 280 2296 8f8 I0_Toggle.elf
Print size information done
Generate build reports done

If user needs to change the project settings (Include directories and preprocessor
defines), he must go through Project>Properties and select C/C++ Build>Settings from
the left panel:

—  For Include directories:
C Compiler>Directories>Include path
—  For pre-processor defines:
C Compiler>Symbols> Defined symbols

9. To debug and run the application, select the project in the Project Explorer and press
F11 to start a debug session (see Figure 20).
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Figure 20. TrueSTUDIO debug window

File Edit View Run Window Help
. B SR I ER| 2R i Sy~ BO-B-¥ B & (35 Debug | @ c/c+ > \
! 3 Debug 5 N M~ T 0= Variab[s[oa Breakpoint [ﬁ SFRs = mh Modules| T O |
4 [£] I0_Toggle.elf [Embedded C/C++ Application] Ee = | R a -]
4 @R 10 Toge ot : - = Value Descri *
4 ' Thread [1] <main> (Suspended : Breakpoint) - |_|
= main() at main.c:51 0:80002f4 fih General Registers Geneny
= it 536870936
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54 file (startup stm32f@3@.s) before to branch to application main. e :
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The debugger in the Atollic TrueSTUDIO can be used to debug source code at C and
assembly levels, set breakpoints, monitor individual variables and watch events during

the code execution.

To run the application, from the Run menu, select Resume, or alternatively click the

Resume button in the toolbar.
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41.4 SW4STM32 toolchain

1.  Open the AC6 SW4STM32 for STM32. The program launches and prompts for the
workspace location (See Figure 21).

Figure 21. SW4STM32 workspace launcher dialog box

& Workspace Launcher ﬁ

Select a workspace

Eclipse stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Workspace: Projects\STM32F303KB-Nucleo\Examples\GPIO\GPIO_IOToggle\SW45TM32 Browse...

» Copy Settings

'?' IT I Cancel ‘

2. Browse to select a SW4STM32 workspace of either an example or a demonstration or
a template workspace file and click OK to load it.

3. Toload an existing project in the selected workspace, select Import from the File menu
to display the Import dialog box.

4. Inthe Import window, open General, select Existing Projects into Workspace and click
Next (See Figure 22).

Figure 22. SW4STM32 import source select dialog box

& Import [ B
Select g
Create new projects from an archive file or directory. I g 5 l

Select an import source:
type filter text

4 (= General -
I Archive File
= Existing Projects into Workspace
[} File System
[T Preferences
> CfCr+
» CVS
- Git
= Install

» Remote Systems

(= RPM
= Run/Debug
. Tasks
= Team
Tracina oL
'_7' < Back MNext > Fin [ Cancel
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5. Click Select root directory, browse to the SW4STM32 workspace folder (See

Figure 23).
Figure 23. SW4STM32 import projects dialog box
© lvgont L
Import Projects 1
® Select oot directene  CAVLAD Pevtinsg) Frrmare Peyects! STMIZFI03E- Nuclee! Examples| GRICNGPID_I0Togglel S STIE - Hrgwie
Select prchive fibe
) STMRIF MM NUCLED (€1V1 4 0 Porting! Fummane\Propects S TRMEIF IO - Mucieo Eramples' GO0 GRI0_I0Toggie SWaS TMENSTMIIF IS, NUCLED) Sebect Al
Deelect Al
Fabresh
Add progect 16 working sets
7 Back Fraih Cancel

6. Inthe Projects panel, select the project and click Finish.

7. In the Project Explorer, select the project, open the Project menu, and click Build
Project.

8. If the project is successfully compiled, the following messages display on the console
window (See Figure 24).

Figure 24. SW4STM32 project successfully compiled

[*! Problems J=| Tasks ) Console 32 | [C] Properties db qp H gd '-'-;.| B~ = O
CDT Build Console [STM32F303K8_MNUCLEOD]

'Building target: STM32F3@3K8_NUCLEO.elf’

"Invoking: MCU GCC Linker'

arm-none-eabi-gcc -mcpu=cortex-m4 -mthumb -mfloat-abi=hard -mfpu=fpv4-sp-d16 -specs=nosys.specs -spe:
'Finished building target: STM32F3@3K8_NUCLEO.elf’

make --no-print-directory post-build

'Generating binary and Printing size information:’

arm-none-eabi-objcopy -0 binary "STM32F3@3K8_NUCLEO.elf" "STM32F383KS_NUCLEO.
text data bss dec hex filename

3668 12 1588 5268 1494 STM32F3@3K8_NUCLEO.elf

bin" && arm-none-eabi-s:

L

m

16:10:22 Build Finished (tock 57s.6@ms)
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To change the project settings (Include directories and preprocessor defines), simply go
through Project>Properties, select C/C++ Build>Settings from the left panel:

e  For Include directories follow the path:
C Compiler>Directories>Include path

e  For pre-processor defines follow the path:
C Compiler>Symbols> Defined symbols

9. To debug and run the application, select the project in the Project Explorer and press
F11 to start a debug session (see Figure 25).

Figure 25. SW4STM32 debug window

& Dcbug - STM32FI03KB_NUCLEQ/Example/User/main.c - Eclipse o T
File Edit Source Refactor Mavigete Search Project Run  Window Help
|‘ = | % Debug 52 i ¥ = O o) Varsbles i i =8
|| @ |« STREIE0EE NOCTED e [Ac6 SThMET Bebugaing]] £ 5| =5 =
= )
® 4 (17 STMB2FI03KE_NUCLED ek Name Type Value
4 o Thread #1 [Suspended : Breakpoint)
| = rnain() at main.c78 0800018
openocd
| ol op:
| o C/ACS SystemWorkbench/plugins/iracs. mou.edernaltools.arm-none.win32 1
= |
L [ L3
[& main.c 3 = B g= Outline 3} = B8
57 terY: 5
o7 HAL Imit(); - B w s e % v
a7
i 8 #= Configure the system clock to 64 MHz */ = meinh
| 81 SystenClock Config(); ® ° GFIO_InitStruct : GPIO InitTypeDe
i - 3 SystemClock_Configlveid) - veid
1 23 /* -1 Enable GPIO Clack (to be able to program the configuration registars) */ E @ maintvoid): int
gs z, LED3_GPIO_CLK_ENABLE(); ® Syst=mClock_Config(void) - void
%E 26 /% -2- Configure 10 in output push-pull mode to drive svternal LEDs % A sssert failediunts £, uinti] t
L K 6PI0_InitStruct.Mods = GPIO_MIOE_OUTRUT_PP;
| 88 GPI0_InitStruct.Pull = GPIC_PULLIP;
89 GPIO_Initstruct.spesd = GPLO_SPESD_FREQ_HIGH:
i 90
i 91 @#PI0_InitStruct.Pin = LED3 PIN;
{92 HAL_GFIO_Init(LED3_GPIO_FORT, &GPIO_Initstructl;
q ) f m B
B Conscle 3 = 2 BIEE rE--=18
STW32FI03KE_NUCLEC, elf [Ach STMI2 Debugging] C+/Ach/SystemiWarkbench/ plugins/fr.achmeu.extemaltosls.arm-nonewind2_1 20,201 507241045 /tools/compiler/bin/amm- none-e
<htip://wwi.gnu.org/software/ gdb/bugss>. .
Find the GDB manual and other documentation rescurces online at:
<http / fwnn.gnu. org/ software/ gdb/docume ntationdz.
For help, type "help™. =
Type "apropos word” te search for commands related to “word”.
f

The debugger in the AC6 SW4STM32 can be used to debug source code at the C and
assembly levels, to set breakpoints, to monitor individual variables and to watch events
during the code execution.

To run an application select Resume, from the Run menu, or alternatively click the Resume
button in the toolbar.
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Table 1. Document revision history

Date Revision Changes
19-May-2014 1 Initial release
Added new part numbers in the cover page.
20-Jun-2014 2
un Removed Table1 Nucleo board General information.
09-Sep-2014 3 Replac?q all rpns of NUCLEO with reference to the “STM32 MCU
Nucleo” line.
Added Section 4.1.4: SW4STM32 toolchain.
30-Nov-2015 4 Updated Section : Introduction, Section 3: ST-LINK/V2-1 installation,
Section 4: Firmware package.
19-Jan-2016 5 Updated : Infroduction and Section 1: System requirements to

introduce the Nucleo 144 board.
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IMPORTANT NOTICE — PLEASE 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
acknowledgement.

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. 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.

© 2016 STMicroelectronics — All rights reserved
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