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@Solutions The com pany

the Brainware company

* Intecs - Italian company with activities in:
* Defense
* Railway
* Aerospace
* Traffic Control & Surveillance
* Automotive
* Telecom

* Approx. 500 employees over 6 cities in Italy (not only)

* Purpose of these classes: getting familiar with the
world of embedded systems and microcontrollers.
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@Soluﬁons Introducing myself

the Brainware company

* PhD in computer engineering @diag

* Focus on wireless sensor networks and low power
devices.

* Since 2012 partner of Wsense (university spin-off): hw
+ microcontroller software development.

* In Intecs since October 2016: head of HW Lab in
Rome, embedded sw developer/hw designer.
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soutions  Tools used in this class (1/4)

the Brainware company

The development board:

Nucleo-F401RE

| St-link debugger

USB connector

________________________________________ Debugger
User Button MCU
Expansion Pins
Arduino — compatible User Led

pins

5 lﬁTa

* - www.stcom /stmEZnucle

32 Khz Crystal I
STM32F401RE MCU
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soutions  Tools used in this class (2/4)

the Brainware company

Sensor expansion board:

X-Nucleo-IKS01A2 DIL24 socket

(expansion conn.)

Level Shifters

™ ‘s gl

.................

N E-]° - :‘fat ;‘ L Accel./Compass Sensor

Temp./Hum. Sensor ‘ S @U‘ N :ﬁ ! (LSM303AGR)
(HTS221) —R :3"‘*’ L

[s=d)se13  seA. "Ny
s+ sooTm) &~

X=-NUCLEO-IKSO01A2 \m»: “.:
Temp./Pressure Sensor EraTa A Accel./Gyro. Sensor
(LPS22HB) (LSM6DSL)

rLﬂq

[_ﬂ rz%
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soutions  Tools used in this class (3/4)

the Brainware company

Bluetooth expansion board:

X-Nucleo-IDB0O5A1

@@

R12[WH]
Ro[EF] 2

174\

i - Bluetooth module
15090-TT-2145 (524 , “ e (SPBTLE-RF)
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soutions  Tools used in this class (4/4)

the Brainware company

Framework, IDE & tools

5 STM3CubeMX Untilec STMS2L47ERGTk NUCLEC-LATERG IS

Fie Pryect pnot Wi i
BB UE &0 Drwommsmmiemt 2 o §= @+ ] a Bseaitd (P &

© C/C++ - Test/startup/sysmemc - Eclipse =NReh X
File Edit Source Refactor Navigate Search Project Run Window Help
Cl [ S E AR JLAdCASE R R AN ST b
Quick Access B |[Edcs
[ Project Explorer 57 = B8 |[@ sysmemc 32 =0 |%&ox =8
BSle - s+ File ] S rEA R o
e /* Includes =/ =
> @ Includes #include <errno.h> U emoh
8 inc #include <stdio h> i
o /* Variables */ £ el int
0 e extern int errno; L © stackptr: char
>[5 startup stm32s egister char * stack_ptr asn("sp"); F o _sbrk(int): cad
d > (@ sysmem.
& LinkerScriptid /* Functions */
_sbrk
u e Tncrease progran data space. lakles and related functions depend on this
- caddr_t _sbrk(int incr)
{
extern char end asn("end");
static char *heap_end;
char *prev_heap_end;
if (heap_end == 0)
69 heao end = gend: =
[£1 Problems 53 e » v=0
Level 2 Evaluation board and Discovery Kit demonstration Fie
Description ° Resource Path Location Type
Applications
Lol {}
Library and protocol based components
(for example FaiFs, FreeRTOS, USB Device)
Examples Writable Smartlnsert | 4:1

1T

System Workbench 4

Lovel0 C] BSP drivers

Hardware abstraction layer (HAL)

Core drivers (aptional) Low Layer (LL)

WS asanv

Stm32CubeF4
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Solutions The Microcontroller

the Brainware company
JTAGEEW | MPU
ETM | wac
D-BUS
(ARM Cortex-M4

8d MHz EUS

i

Stm32F401 Microcontroller: -~}
*Based on Cortex M4 processor

*512KB ROM Flash memory

*96KB SRAM data memory R,

*Up to 84Mhz operating frequency
*42uA in sleep (stop mode) w/RTC :‘;Z% =r

Pojisd £ GPIOPORTE

AHE Eus-m et T54M

A

PO{1&0] ) GPIO PORT O
PETiS) < GPIO PORT E

e nF

UFBGAIDD
WLCSP4G  LOFPI00 (14 = 14 mm Ltj?F?l;PnTr‘ﬁ? B —

TuT O§7 X =] '_-_v\ AHEIAPED | AHEMPE 1
{3.06 x 3.06 mm) LQFPE4 {10 = 10 mm) (77 mm) cun cx S| S s v E ] HH#
e 4 =

comgl. channats TIMA_CR[1
4 charnais TIM_CHI[14ETR TINT [ PR TED s

i

Available packages

1 ehiel ds. AF Tib10 168

- WWDG =
- — — =M MOSISD. MSOISD_ast, BOKICK
| ehamalis A2 T e = NEEANS, MCK i A8
X, T, CK STCRR |5 AT a5 K~ % ECL, 506, SMES a5 AF
CTE. AT i AF i —|= |
= prwr— o F L »ECL, 506, SMEA a8 AF
FOX, TX, CH s &F s USARTE = 5 E|
< w y
WO, MISE, < — Fe [y 5L SDA. SWEA s AF
SCK NS s AF SR = b
MOSI, MISO, - ki
SCK. N i AF B [~ M
E
<
VDDREF_ADC o
18 anaiog inguts e
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Solutions Architecture

the Brainware company

HTRAT, JTOL
ITCHIEWELK] JAOESW | MPU
JTDOSEWD, ITI ETM | W
TRACECLK seod
TRACEDH] |ARM Cortex-hi
84 MHz 1EUS =
u del | si2km
sEE ,@ =
- Flash
s  — o
§ K
©
2 z[ usa B
DMAZ |“'""! F AR O WE . E o
e ol OTGFS I0LVBUS. 507
DMA1 |“'",‘g‘; ¥ oD | Peer manage]
= P VOO =173V
R (FDA OFF)
1281038V
FVOOA EVDD wss FORONI
VOAF
Pa15:] EEN0 PORT A _i ek
—f Fcie
5 WDOA, VESA
Fepian GRIDPORTE | i > HFST
g PL{EN GPIOPORTC
o Fofisg GPIO PORT et
058 _OUT
—_— FE[15) GPIO PORTE e
ek —
e
§  WWEAT=1ES 56 W
Pei[1 0] GPI PORT M HH
=R SC3E M
=N dudep 08052 OUT
Egis
— “i
ALARM_OUT
5 [
4 chainals, ETR as AF
. . . I".'u 168 4 channals. ETR as AF
— Dz oaas
ﬂMA upls 31 AF EXTIT WHU® [ 168 K 4 charnals. ETR as AF
.. oj7 . ] |Ara-APaz|nHMFe1 | 4 charmat
“ mnu‘(“,a soio /v |
Controller ADC a ol chaonts T CH ) i 1t
4 charvals TIW_CHI[T4ETR Tikd1 f Faimd el o]
BRI as AF
AN R TX i A
2 channels as AF Tidg  eEf CTE, TS as AF
MOSIED, MISOUED , BCKICK.
1 ehanvial ds AF Mo 6n _ (v NESWa, MO s f
m — S MOSIED, MEISOIED , BCKICK.
1 chamal s AF Tim 8B e 4 NESAWS, MCK b
RX T CK, mca A K )ECL SDA, SMES a8 AF
CTE. RT3 s AF foa USARTI |3 |
— —
RO, TX, CHK as AF oA USARTE = E E
J— e ] CCVEMBUE K > L, SDA. SMEA 2 AF
SCH. N5 an AF
MOSI, MISE, ki
ECK, MSES s AF (] = E
£
VDOREF_ADG [Temperature sensof .o
16 anaiog inputs DT EI =
@VD0s L -
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Solutions Architecture

the Brainware company

HUTRAT, JTOL
JTCHEWCLE |
JTDOSEWD, JTI
TRACECLE
TRACED{3:0]
S12KB
Flash
K
use E B
ol OTGFS I0LVBLIS, S50F
VDD _‘_Mmm
VOB VOO=1T3cYV
fagulsior (FOF OFF)
TR 1210396V
FVOOA EVDD wss FORONI
VCAP
P10 ERID PORT A _i fEE
1 RCLE
5 WDOA, VESS,
Fepian GRIDPORTE o :> RST
g Fejisg GPIG PORT C
o Fofisg GPIO PORT et
08C_OuT
—_— P[5 GPIO PORT E Fasst &
doek —
e
-M'BA.T- BEwiE
Pe[i 0] GPI PORT M [1R13] e
2 i ht ] aciz w
F=l I D g?%g 0852 OUT
- — <33%
| =, x ALARM_OUT
& ET&LP]
4 chainals, ETR as AF

= 5 el 4 channal, ETH as &F
— ey oam
EMA up e 31 AF EXTIT. WKUP = e 4 chanal, ETR a8 AF
7] | ] |Araw=e:|nnm1 | 2 chamai
“ GMDCJ,<=HE| SDI0 ./ MMC |§ S
Controller T | |
4 charvals TIW_CHI[T4ETR Tikd1 f Faimd el o]
KIN as AF
R, T i AF
2 ehannes i AF Titg B R+ s, TS as.aF

MCSUED. MISOVED ast, BCKICK

1 ehanval as AF T 180 e NESWS, MCH ik A
D i v sk

1 channal s AF PR T

B NESMWS, MOH s AF
R T, CK, A, | T A | K )ECL SDA, SMES a8 AF
| CTE. RTS i AF s USAR | 3| o
| e r— ¥ " ECL, SR, SWES 35 AF
Fox, T, CK s AF e usaRTE o= E E
P - i CENSMBUS Ko > 5CL, SDA, SMEA as AF
SCK, HSE i AF
MOSI, MISE, = ki
BCK, NSS as AF ] E
=

WODREF_ADC [lemperature sensof .o
18 anaing inputs RO EI P
avooa - =
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Solutions Architecture

the Brainware company

HTRAT, JTOL
ITCHIEWELK] JAOESW | MPU
JTDOSEWD, ITI ETM | W
TRACECLK seod
TRACEDH] |ARM Cortex-hi
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]
SEUS 3
=
§
©
= < z s
DMAZ r — T 63 A . E D
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1 chamal s AF Tim 8B e 4 HEEWE, MOH i AF
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RO, TX, CHK as AF oA USARTE = E E
J— e ] CCVEMBUE K > L, SDA. SMEA 2 AF
SCH. N5 an AF
MOSI, MISE, ki
ECK, MSES s AF (] = E
£
VDOREF_ADG [Temperature sensof .o
16 anaiog inputs DT EI =
@VD0s L -
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Solutions Architecture

the Brainware company
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Solutions Architecture

the Brainware company

HTRAT, JTOL
ITCHIEWELK] JAOESW | MPU
JTDOSEWD, ITI ETM | W
TRACECLK seod
TRACEDH] |ARM Cortex-hi
a4 MTJZ 1EUS =
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Eae 2 Flash
i  — o
§ K
2
il
use
DMAZ |“'""! F AR O WE E o
e ol OTGFS I0LVBUS. 507
oMa1 "o ¥ oD | Peer manage]
= Vol VOO =173V
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- 1281038V
FVOOA EVDD wss FORONI
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—f Fcie
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4 chainals, ETR as AF
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— = casst
ﬂMA gl E1AF EXTIT WKUP [ 168 | 4 etannals, ETR s AF

. 7] | . |Ara-APez|nHm1 4 ehannai
“ CMD. K ax AF SOI0H MMC |§
Controller e e i R
4 charvals TIW_CHI[T4ETR Tikd1 f Faimd el o]
BN as AF
R, T i AF
2 ehannes i AF N = R+ s, TS as.aF

MCSUED. MISOVED ast, BCKICK

1 ehinril as AF TiM10  18e e NESWS, MCH ik A
L et o o e

1 chamal s A5 Tibr b [ f HESAWS, MCK ax AF
R, TX, CK, T A { )y ECL, 06, SWES as AF
CTE.RTS s AF s USART1 —3| o
(o - ECL, SDA, SWEA as AF
Ft, T, CH s AF oA USARTE = E H
o e, — i CCVEMBUE K > L, SDA. SMEA 2 AF
IOK, KA & AF
MOSI, MISE, = ki
BCK, WEE @ AF ] E
=
VDOREF_ADG [Temperature sonso] .o
16 anailng inputs ADCH EI s
GVD0A = —
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Solutions Architecture

the Brainware company

HUTRT, JTO
ITCHIEWELK] JAOESW | MPU
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TRACECLK seod
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u del | si2km
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MOSIED, MISOUED , BCKICK.
1 ehanvial ds AF Mo 6n _ (v NESWa, MO s f
m — S MOSIED, MEISOIED , BCKICK.
1 chasnal s AF T 8 o { NESAWS, MCK b
RX T CK, mca A K )ECL SDA, SMES a8 AF
CTE. RT3 s AF foa USARTI |3 |
e ——— — T
RO, TX, CHK as AF oA USARTE = E E
e — = H CENSMBUS Ko > 5CL, SDA, SMEA as AF
IOK, KA & AF
MOSI, MISE, ki
ECK, MSES s AF (] = E
=
VDOREF_ADG emperatune senso
18 anaing inputs RO F
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Solutions

the Brainware company

Architecture

DMA
Controller
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Solutions Architecture

the Brainware company
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Solutions

the Brainware company

Architecture

DMA
Controller
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Architecture

DMA
Controller
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. Cortex M-4

Armv7-m architecture: Harvard architecture, 32-bit architecture
(internal registers, data path, bus interface)

* Thumb-2 instruction set (16/32 instructions)

* Unified memory space 4GB

* On-chip bus interfaces based on ARM AMBA

* NVIC controller with priority levels (12 clock cycles)
* Systick timer

* Optimized for power consumption (alternatives: Cortex R or
Cortex A)

* Optional advanced debug features and MPU
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Cortex M-4

Address space: 4GB, little/big endian

Private peripherals including

OxFFFFFFFF

built-in interrupt controller

(NVIC) and debug
components

0xE0000000
OxDFFFFFFF

Mainly used for external

peripherals.

0xA0000000
0xOFFFFFFF

Mainly used for external

Memory.

Mainly used for peripherals.

0x60000000
Ox5FFFFFFF
0x40000000

Mainly used for data memory Ox3FFFFFFF

(e.g. static RAM. )

Mainly used for program
code. Also used for exception

vector table

0x20000000
0x1FFFFFFF
0x00000000

OxEOOFFFFF OxEQODEFFF
System PEHE::?: Bus System Lonkos
(PPB) Space (8CS)
Private Peripheral Bus
OxEQOQ0O000 O0xEQQOOEQQ0D

External Device 1GEB

External RAM 1GB

Peripherals 0.5GE

SRAM 0.5GE

CODE 0.5GE
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. Systlck Timer
Part of the NVIC, 24-bit decrement timer

* Sourced from a reference clock source (typ. on-chip)
* Has its own exception hanlder

* Can be used as system clock for an OS (task management,
context switch)

* Used for portability
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* Power consumption:

Various sleep modes available

Commands: Wait For Event (WFE) / Wait For Interrupt (WFI)
Code stops running

Based on the sleep mode, clock signals can selectively be turned
?ff. Deeper sleep mode -> less peripherals running

* Deeper sleep mode -> higher wakeup time

* Deeper sleep mode -> less wake-up sources
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* Clock Sources:
* External 4-26 Mhz crystal osc. (HSE)

Internal 16Mhz factory-trimmed RC (HSI16)

Internal 32 Khz low power RC (LSI)

External 32 Khz crystal for RTC (LSE)

System PLL (uses HSE,HSI16) up to 84Mhz
* At startup, the MCU uses HSI at 16Mhz

* Clock sources managed by Reset and Clock Control
(RCC) module
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* Peripherals:

* 11 x Timers *2 x SAl Interfaces

* 6 x 16bit low power *3 x12C

* 2 x32bit *3 x USART

* 2 x Watchdogs *4 x SPI (+ 12S5)

* 1 x Systick timer *1 x DMA 16 ch.

*1 x SDIO

* 1xRTC *1xUSB OTG FS
* 1xADC 12 bit *81 x GPIO
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Getting Started with CubeMX
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% STM32CubeMX Untitled*: STM32F401RETx NUCLEQ-F401RE - o X

* Configuration tool:

* C I OCk SO u rces Pinout  Clock Configuration Configuration Power Consumption Calculator
* Peripherals “

- & FREERTOS

*  Pinout it

i

File Project Pinout Window Help

B BUE & O HkescurentSorasPacement o & 0| = @ 4 | Fnd v |Fshowuserabel [ &, 4 & [ AAAGi DI $

flv] - P

 Middlewares

* Code generation:
* |DE support

{xBrie]
® 1203
® 1252
® 1253
© WG
® RCC
® RIC
© spio
Q sP11
© sP12
© SP13
® svs
® M
A\ 1Mz
® T3
© TN
A\ TIMs
A\ TIMe
© TM10
& T
© USART1
© USART2

Intecs Solutions 2017— Ron:
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RCC_OSCI2_IH
RCC_0SC32_0UT
RCC_OSC_IH
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USART_TX
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Usage Example: Clock and Timer 1 configuration

« Step 1:
* Launch CubeMX
* Select “New Project”

zzzzzzzz

Reference vy
NUCLEO-L476R STM3LLATGRGT,
NUCLEO-L452RE STM3AL4S2RET

* Choose “Board Selector” . & |
* Vendor “ST —
Microelectronics” =
- Type of Board “Nucleo 64"
+ MCU Series “Stm32F4”

 Select “Nucleo-F401RE”
* Double click on it
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Usage Example: Clock and LPTimer 1 configuration

* Step 2:

From “Pinout” tab b

« Expand “RCC” il
“ . - 122

* Select “Crystal/Ceramic @ :no

resonator” in Low Speed ¥z

Clock (LSE) T o speo ok 455 A TS
 This will enable external  Dilciom
32Khz crystal of the L e

Nucleo Board f
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Usage Example: Clock and Timer 1 configuration

EHé TIM1

From “Pinout”tab | . e
¢ Expand “TI M1 oo Trigger Source | Disable

----- Clock Source | Internal Clock

¢ Select “Internal CIOCk” ----- Channell | Disable

----- Channel2 | Disable

as clock source | Channel3 Disable
----- Channel4 | Disable
----- Combined Channels | Disable

* Step 3: o

USART_TX |20

M ES R RN EY ER ER S

USART X [Zael olelp

----- Activate-Break-Input
----- Use ETR as Clearing Source

----- XOR. activation
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Usage Example: Clock and Timer 1 configuration

« Step 4.
* From “Clock Configuration” tab
* Leave HSI@84Mhz in System Clock Mux

RTC Clock Mux

HSE IS HSE_RTC |
Input frequency
LSE Sl m: To RTC (KHz)
o LSI RC LBl )
_ “ HCLK to AHB bus, core,
memeory and DMA [MHz)

- - 2 To IWDG (KHz)
32 KHz
t 1w To Cortex System timer (MHz

System Clock Mux

HSI RC
HSI| ™

. 'S . FCLK Cortex clock (MHz)
15 MHz SYSOLK (MHz)  AHB Prescaler  HOLK (MHz) APEL Prascaler

]

HEE
42 MHz max
PLLCL.K© e X2 APBi Timer clocks (MHz)

PLL Source Mux
- .) * APE2 Prescaler
ke )
o 16 T Ba B4 MHz max
Input frequency HeE I X33 W [4
|l: HSE =) im *N /e = X1 APBZtimer clocks (MHz)
o /7 > 18 48MHz clocks [MHz)
Main PLL 10
[25 source Mux
PLLI2SCLK PLLIZSCLK
X192 v [2
pLzs N /R ‘ » 5 |125clocks (MHz)
BExt.chock
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Usage Example: Clock and Timer 1 configuration

¢ Step 5:
* Q: Which bus is connected to TIM1?
* Annotate its frequency
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Usage Example: Clock and Timer 1 configuration

Step 7:

*From “Configuration” tab

*Check that peripherals and clocks are set correctly

*Double click on TIM1, select counter period to be 65535

*Q: What prescaler and division should we set for 1ms tick timer?

*NVIC settings enable TIM1 update interrupt

lﬁl :.‘-‘d‘lr.
USART2 Ei,. DMA — TIM1 Lo
—_— &
&

NVIC :1-@

RCC* P
L
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Usage Example: Code Generation

Project Settings X

Project Code Generator Advanced Settings

Project Settings
* Step 1: Sanoress
* Click on “Project” -> “Settings” iaswsismmastrons
* In "Project” tab oolchai Folder Locaton
« Set a project name o
 Select SW4STM32 IDE SwasTM32 v [ cenerate under Root
* Check that MCU and TR
Firmware package are correct "™ —

Minimum Stack Size 0200

Mcu and Firmware Package
Mcu Reference
STM32F401RETx

Firmware Package Name and Version
STM32Cube FW_F4 V1.19.0

Use Default Firmware Location
C:fUsers/ucole/STM32Cube/Repository/STM32Cube_FW_F4_V1.19.0 Browse

Cancel
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STM CubeMX

Usage Example: Code Generation

* Step 2:
* In “Code Generator” tab
* Select “Generate peripheral
initialization...”

* Keep other options unchanged
* Click on “OK”

Project Settings

Project Code Generator Advanced Settings

STM32Cube Firmware Library Package
Copy all used libraries into the project folder
(@ Copy only the necessary library files

() Add necessary library files as reference in the toolchain project configuration file

Generated files

Generate peripheral initialization as a pair of ".c/.h' files per peripheral

[] Backup previously generated files when re-generating
Keep User Code when re-generating

Delete previously generated files when not re-generated
HAL Settings
[ ] set all free pins as analog (to optimize the power consumption)

[ ] Enable Full Assert

Template Settings

Select a template to generate customized code Settings...

Ok Cancel
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STM CubeMX

Usage Example: Code Generation

* Step 3:
* Click on “Project” -> “Generate
Code”
* Wait the end of the execution
* You can now import the

project on System Workbench
4

Project Settings

Project Code Generator Advanced Settings

STM32Cube Firmware Library Package
Copy all used libraries into the project folder
(@ Copy only the necessary library files

() Add necessary library files as reference in the toolchain project configuration file

Generated files

Generate peripheral initialization as a pair of ".c/.h' files per peripheral

[] Backup previously generated files when re-generating
Keep User Code when re-generating

Delete previously generated files when not re-generated
HAL Settings
[ ] set all free pins as analog (to optimize the power consumption)

[ ] Enable Full Assert

Template Settings

Select a template to generate customized code Settings...

Ok Cancel
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System Workbench 4

Importing project and debugging
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Importing project generated with CubeMX

PY Step 1 : & Import | O " x
Import Projects E‘_/L
® La u n Ch SW4 STM 32 Select a directory to search for existing Eclipse projects. <
* I n ) Fi |e” m e n u CI iCk O n “i m po rt e ’ @ Select root directory: | C\Users\ucole\STMicra\Projects\StartupTest ~ | | Browse... |
® In “General,,, SeleCt “EXiSting (O Select archive file: Browse...
Project into Workspace” o B
StartupTest (C\Users\ucole\STMicro\Projects\StartupTest) Select All
* Select the root folder generated
with CubeMx Refes
* Keep default options and click
finish

Options

[[]search for nested projects

[]Copy projects into workspace

["1Hide projects that already exist in the workspace
Working sets

[ Add project to working sets

Select...

< Back Next > Finish Cancel

I
(o)
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Importing project generated with CubeMX
« Step 2:

* Right click on the project and select “Build Project”

* Wait for compilation to finish and check that no
errors were generated

B Console & ¢ 5| B BB % B~y =0
CDOT Build Console [StartupTest]
Invoking: MCU GCC Linker ~

arm-none-eabi-gcc -mcpu=cortex-m4 -mthumb -mfloat-abi=hard -mfpu=fpv4-sp-dlé -specs=nosys.specs -specs=nano.specs -T"../STM32L476RGTx FLASH.1d
Finished building target: StartupTest.elf

C:/Users/ucole/.eclipse/org.eclipse.platform _4.5.2 210783474 win32 win32 x86_64/plugins/fr.acé.mcu.externaltools.arm-none.win32_ 1.12.0.2016112
Generating binary and Printing size information:
arm-none-eabi-objcopy -0 binary "StartupTest.elf" "StartupTest.bin"
arm-none-eabi-size "StartupTest.elf"
text data bss dec hex filename
61584 24 le24 7832 1298 StartupTest.elf

19:17:38 Build Finished (took 26s5.721ms)
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Importing project generated with CubeMX
« Step 3:

Plug the nucleo

* Right click on the project and select “Debug as”

* When prompted to switch in debug view click yes (check the “keep
option” if you don’t want to repeat this step each time)

* The code will halt on HAL _Init()

* Click on “step over” or “step into” to get familiar with the IDE in
debugging mode

* You can click on “Resume” if you want your code to freely run (but it
won’t do anything since it's empty © )
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Important files: the linker script

* In project explorer: STM32F401RETx_FLASH.Id

* Where to find program and data memory (RAM,FLASH) w.r.t. the linear memory
map of the MCU

* What to put inside each area (e.qg., .isr_vector, .text and constant data in flash,
.data and .bss in ram etc...)

32 /* Entry Point */

33 ENTRY(Reset_Handler)

34

35 /* Highest address of the user mode stack */

16 _estack = 0x20018000; /* end of RAM */

37 /* Generate a link error if heap and stack don't fit into RAM */

38 _Min_Heap Size = 0x200; /#* reguired amount of heap */
39 _Min_Stack Size = 0x400; /* reguired amount of stack */
40

A1 /* Specify the memory areas */

42 MEMORY

43 {

A4 RAM (xrw) : ORIGIN = @x20000000, LENGTH = 96K

A5 FLASH (rx) : ORIGIN = 0x8000000, LENGTH = 512K
46}

47

48 /* Define output sections */

A9 SECTIONS

50 {

51 /* The startup code goes first into FLASH #*/
52 .isr_vector :

53 {

54 . = ALIGN(4);

55 KEEP(*(.isr_wvector)) /* Startup code */
56 . = ALIGN(4);

57 } >FLASH
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Important files: the linker script

* Quick recall on memory segments:

int dummy func(int argl){

stack Automatic variables, int arg2;
e returned address ... if(arg2 > argl) return arg2;
: else return argl;
)
n
heap Dynamic memory allocation (e.g., malloc,...)

uninitialized data

i Global or static variables initialized to 0 or not explicitly initialized
55

initialized data

e Global or static variable with pre-defined value and that can be modified

text Read only data (e.g., code)
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Important files: the linker script

* Quick recall on memory segments:

35 /* Highest address of the u ode stack */

36 _estack = 0x2001800Q; * end of RAM */ A

37 /* Generate a link error if heap and stack don't fit into RAM */ I

38 _Min_Heap_Size = Bx200; /¥ required amount of heap */ L

39 _Min_Stack_Size = 0x400; /* required amount of stack */

48
41 /* Specify the memory areas */ %

47 MEMORY

434

A4 RAM (xrw) : ORIGIN = 0x200000808, LENGTH = 96K uninttialized data
45 FLASH (rx) : ORIGIN = Ox8008008, LENGTH = 512K

46 } bss

initialized data

data

text
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Important files: the linker script

* Quick recall on memory segments:

8 /% Define output sections */

S SECTIONS
0
1 /% The startup code goes first into FLASH */
stack 2 .isr wvector :
3
_____________________ '4 . = BLIGN(B);
: 'S KEEP (* (.isr vector)) /* Startup code */
i '6 . = BLIGN(B):;
y "7 } >FLASH
'S  /* The program code and other data goes into FLASH */
10 .text :
: 1
} 12 . = BLIGN(B);
_____________________ fie! *(.text) /* .text sections (code) */
14 * (. text¥) /* .text* sections (code) */
'5 *(.glue_7) /* glue arm to thumb code */
s *(.glue 7t) /* glue thumb to arm code */
heap 7 *(.eh_frame)
e EEEP (*(.init))
10 KEEP (*(.fini))
uninitialized data i1
12 . = BLIGN(B):;
bss 13 _etext = .; /* define a global symbols at end of code */
14 } >FLRESH
initialized data 15
6 /* Constant data goes into FLASH */
data v7 .rodata :
8 {
19 . = BLIGN(8);
text 10 * (.rodata) /* .rodata sections (constants, strings, etc.) */
11 * (.rodata*) /* .rodata* sections (constants, strings, etc.) */
12 . = BLIGN(8);
13 } >FLASH
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Important files: the linker script

* Quick recall on memory segments:

/* used by the startup to initialize data */

_sidata = LORDADDR(.data);
stack /* Initialized data sections goes into REM, load LMA copy after code */
.data
passn e u st (
! = BRLIGN(B);
\J _sdata = .; /* create a global symbol at data start */
* (.data) /* .data sections */
* (.data*) /% .data* sections */
? = RLIGN(B);
L _edata = .; /* define a global symbol at data end */
--------------------- } »>RRM AT> FLASH
e /* Uninitialized data section */
= BLIGN(4);
.bss :
uninitialized data I {
/¥ This is used by the startup in order to initialize the .bss secion */
bss _shss = .; /* define a global symbol at bss start */
initialized data __bss_start = _sbss;
*(.bss)
daia *(.bss¥*)
* (COMMON)
text = ALIGN (4);
_ebss = .; /* define a global symbol at bss end */
__bss end = ebss;
} >RBM
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Important files: the linker script

* Quick recall on memory segments:

stack
Pl s
I /¥ User heap stack section, used to check that there is encugh RAEM left */
Y ._user heap stack :
{
. = BLIGN(B8);
A PROVIDE ( end = . );
- FROVIDE ( end = . );
! = . + Min Heap Size;
_____________________ = . + Min Stack Size;
. = BRLIGN(B);
heap b >REM

uninitialized data

bss

initialized data

data

text
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Important files: the startup file

* startup/startup_stm32f401xe.s
* Written in assembly, it holds the reset handler (first code to be executed) and the
vector table

r =

[

77 .section .text.Reset Handler

78 .weak Reset Handler

79 .type Reset Handler, %function

S0 Reset Handler:

81 1dr sp, = estack /* Btollic update: set stack pointer */
g2

83/* Copy the data segment initializers from flash to SRAM */
54 mowvs rl, #0

85 b LoopCopyDatalnit

87 copyDataInit:

88 ldr r3, = sidata

B89 ldr r3, [r3, rl]

80 str r3, [r0, rl]

81 adds rl, rl, #4

92

53 LoopCopyDataInit:

94 ldr r0, = sdata

85 ldr r3, = edata

S6 adds r2, ro, rl

97 cmp r2, r3
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Important files: the system file

* Src/system_stm32f4xx.c
* Systemlnit function for clock and vector table initialization
* Other clock utilities...

£ main.c 15| STArtup_stms214/oX... 1| STM3214xX_hal.c L] STM3214xX%_hal_msp.c W 51 M32LET ORGIX_FLAS... 1£] SYSTEM_STM321900C &5 | 1
g=wvolid SystemInit (void)

) {
/* FPU settings ——————mmmmmm oo */
#if ( FPU PRESENT == 1) && ( FPU USED == 1)
SCB->CPRCR |= ((3UL << 10*2) | (3UL << 11*2})}; /* set CP10 and CP11 Full Rccess */
#endif
/* Reset the RCC clock configuration to the default reset state —————————— */
/* Set MSION bit */
RCC->CR |= RCC_CR_MSION;

/* Reset CFGR register */

RCC->CFGR = 0x00000000;

/* Reset HSEON, CSSON , HSION, and PLLON bits */
212 RCC->CR &= (uint32 t)0ZERF6FFFF;

214 /* Reset PLLCFGR register */

215 RCC->PLLCEFGR = 0x00001000;

216

217 /* Reset HSEBYP bit */

218 RCC->CR &= (uint32_t)0XFFFBFFFF;

219

220 /* Disable all interrupts */

221 RCC->CIER = 0x00000000;

222

223 /* Configure the Vector Table location add offset address ————————————————— */

224 #ifdef VECT TAB SRAM

225 SCB->VTOR = SRAM BASE | VECT TAB OFFSET; /* Vector Table Relocation in Internal SREM */
226 #else

2217 SCB->VTOR = FLASH BASE | VECT_TAB OFFSET; /* Vector Table Relocation in Internal FLRSH */
228 #endif

229 }
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Thank You!

Master thesis: ugomaria.colesanti@intecs.it
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