Mikroprocesorski sistemi

Sadrzaj predmeta
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* ARM Cortex Mikrokontroleri
* Stm32 familija mikroprocesora

* Programiranje koris¢enjem HAL drajvera
* Simulacija rada mikrokontrolera
* Organizacija | realizacija samostalnog projekta
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Literatura:
Predavanja,Vezbe Aleksandar Peulic

- Nucleo Boards Programming with the
STM32CubelDE, Dogan lbrahim, 2021

- ARM System-on-Chip Architecture, Steve
Furber, Addison-Wesley, 2000.

- The Definitive Guide to ARM® Cortex®-M3 and
Cortex®-M4 Processors, Third Edition, Joseph
Yiu, Elsevier, 2013.

- https://www.st.com/en/
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ORGANIZACI.

* PREDAVANJA
¢ YEZBE

* PROJEKAT — INDIVIDUALNO

Kolokvijum: 2x30
Projekat: 40
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Literatura — ARM dokumentacija

* ARMv7-M Architecture Reference Manual (ARM DDI 0403)

e « ARM Cortex-M3 Integration and Implementation Manual (ARM DI
0240)

* ARM AMBA® 3 AHB-Lite Protocol (v1.0) (ARM IHI 0033)
« ARM AMBA™ 3 APB Protocol Specification (ARM IHI 0024)
« AMBA® 3 ATB Protocol Specification (ARM IHI 0032)

« ARM CoreSight™ Components Technical Reference Manual (ARM
DDI 0314)

« ARM Debug Interface v5 Architecture Specification (ARM IHI 0031)
« ARM Embedded Trace Macrocell Architecture Specification (ARM IHI
0014).

* « |EEE Standard Test Access Port and Boundary-Scan Architecture
1149.1-2001 (JTAG
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ARM

*Holding osnovan 1990 godine, kao zajedniCko preduzece
kompanija Accorn, Apple 1 VLSI Technology.

*/ARM ne proizvodi Cipove vec se bavi dizajnom arhitekture
| procesora.

«Skoro svi vodecCi proizvodaci elektronskih komponenti
otkupljuju licence od ARM-a i na osnovu njih proizvode
svoje varijante mikrokontrolera i mikroprocesora.

Osnovna ideja je da procesorsko jezgro bude
standardizovano (ARM), a da svaki proizvodacC dodaje
svoje specificne periferije.
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ARM partneri
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University of Michigan

4200 ARM powered
Neutrino Detectors

70 bore holes 2.5km deep

60 detectors per string
starting 1.5km down 2 5km

1km? of active telescope

Work supported by the National Science Foundation and University of Wisconsin-Madison
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Markets for ARM in 2017

* Ineluding tabiets, netboeks and laplepe

DevicesShipped 2017 | Device | Chips/ | 2017 | Chip | KeyGrowth
(Million of Units) Devices | CAGR | Device | Chips | CAGR |Areasfor ARM
(" |SmetPhone | 1700 | 20% | 35 | 6800 | 20% \<mmmm—m
o Feature Phone - - - - -
4 || ow End Voice 710 -1% 1-2 1,400 16%
5 Portable Media Players a0 -10% 1-3 180 5%,
\ Mobile Computing® (apps anly) as0 20% 1 850 20% . _
Digital Camera 130 5% 1-2 200 5%
E Digital TV & Set-top-box 600 10% 14 2000 | 25% |
Desktop PCs & Servers (apps) | 200 Flat 1 200 Flat
g Networking 1,500 5% 1-2 1,700 | 5% |<(—
g |Printors 130 2% 1-3 130 2%
W |Hard Disk & Solid State Drives 1,100 10% 1 1,100 10%
E Automotive 3.800 | 10% 1 3800 | 10% 9
¥ | Smant Card 8500 | 10% 1 8500 | 10%
8 [Microconorers 11,400 | 5% 1 11,400 | 5% |«
& [others ™ 3000 | 10% 12| 3000 [ 10% J ‘ S |
Total 34,000 | 5% 41,000 | 10% HERM es st

Aleksandar Peuli¢




ARM Business Model

Business Developmea

ARM licenses
technology to

Partner
SemiCo

Partner Ptk as
develops chips

—

OEM sells consumer products

2-3 yrs to design new processor 4 3-4 yrs from license to roya

= |[nnovative business model yields high margins
= Upfront license fee — flexible licensing models
= Ongoing royalties — typically based on percentage of chip price
= Technology suitable for multiple applications — can ship for decades

Original Equipment Manufacturer or OEM
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Broad Range of Licensing Options

= Innovation in the business model as well as technology
= New partnerships for new types of companies

= Higher license fee
" Fewer use constraints

» Greater commercial and
technical interaction

— * Increasing internal
investment by Partner
Multi / Single Use * [ncreasing ARM / Partner
business knowledge

DesignStart

Acadamic / Ressanch

PUBLESHED WITHOLT :
N FROM ARM The Architecture for the Digital World® ARM
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ARM - evolucija arhitektura

Architecture Architecture v6 Architecture v7

v5/v5E

Architecture
vad/vaT

v7-A (application)
e.g., Cortex-A8

| |
| |
| [
| |
| |
| |
| |
| |
| | w7-R (raal-timea)
| | e.g., Contex-R4
| |
| |
| |
| |

ARM1136, 1178, v7-M (microcontroller)
1156T-2 e.g., Cortex-M3

—

ARMS26. 946, Architecture v6-M

: I
966, |
Intel XScale |
I

I

I

I

ARM7TDMI,

Examples 920T,
Intel StrongARM

Cortex-M0,
Cortex-M1 (FPGA)

— o e o
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Cortex familije

ARM Cortex-A family (v7-A):

Applications processors for full OS
and 3™ party applications

ARM Cortex-R family (v7-R):

Embedded processors for real-time
signal processing, control applications

ARM Cortex-M family (v/7-M):

Microcontroller-oriented processors

for MCU and SoC applications
. Cortex-MO
12k gates...
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Arhitektura Cortex-Mx mikrokontrolera

Additional
4 A debug
) components
Cortex-M3 | V

External private

eripheral bus
Instruction Data System i

bus bus bus

@ . ﬁ ﬁ System bus (AHB)
wdas | o JF 3T IF IT

Static Extemnal Device Device AHB to
RAM Y #1 #2 e
controller bridge
Additional

m’ZﬂfE':' static RAM j E
Y (optional)
1-\.\_\_\_ _I‘_,r"'

F‘erlpheral bus {AF‘E]

AHB (Advanced High-performance Bus) External RAM j i j E j i

Bus Matrix je deo ARM arhitekture koji
omogucava efikasnu i fleksibilnu komunikaciju )
izmedu razli¢itih master i slave komponenti unutar e UART Timer
sistema na Cipu (SoC). AHB je deo

AMBA (Advanced Microcontroller Bus Architecture)
specifikacije koju je razvio ARM.




Cortex-M3/M4 — procesori bazirani na
ARMv7-M arhitekturi

Cortex-M3/M4 Integration (processor system)

Optional

Cortex-M3/M4 processor |
debug i
Interrupt  cortex-mM3/M4 core subsystern |
| | controller e | ubsystem
B 3-stage pipeline | Floating point |
E 2 l unit : e
TR A ! I !
Interrupts E gl NVIC Fetch | Decode | Exgcute | [Cortex-M4F | ! Embedded i
53| i only) 5 ' Trace i
- Register bank - b Macrocell |
m o P i i
R 2 e
N - Memory interface Instruction *-1' ;
SysTick I + Trace interface : N
o U Memery ) | DWatehpaint | Do o 1 R
izl due I Protection unit :rith | Software 1_*"' Jiis
Unit | . | - i trace i interface
b ooy L HnitiMPU) R | datatrace [ op 3| ¢ RIS
. Debug Access clrt:_";.;;_: I
Internal bus intercannect ' interface i-il
EEE—— A
I-CODE D-CODE System Private Periphe :
RISC procesor
. Bus interface System bus
Harward arhitektura for program nterface

memory

(RAM + Peripherals)

» Trace interface

ITAG or Serial
Wire debug



ARM Cortex-M3/M4 tehnologije

« Svaka od Cortex-M serije procesora je specificha, ali poseduje i sledece

zajednicke karakteristike:

RISC procesorsko jezgro

-32-bit CPU
+Predvidiv rad
+3-stepena protocna obrada

Thumb-2® instukcijski set

-Kompromis izmedu 16/32-bitnih instrukcija
+3X manja velicina koda nego kod 8-bitnih
platformi

-Bez negativnog uticaja na performanse

Modovi rada sa smanjenom potrosSnjom

Nested Vectored Interrupt Controller (NVIC)

+Integrisani modovi rada
+\/iSe modova potrosnje
-Softverska kontrola

-Malo kasnjenje servisiranja prekida
-Bez potrebe za programiranjem u asembleru
-Servisne rutine u C kodu

Alati i RTOS

Podrska za debagovanje

-Siroka lepeza alata

*Cortex Microcontroller Software Interface
Standard

«Software reuse podrska

« JTAG ili 2-pin Serial Wire Debug
-Podrska za viseprocesorki rad
-Debagovanje u realnom vremenu




Cortex-M3/M4 osnovne

karakteristike

Arhitektura

ARMv7-M (Harvard)

Instrukcijski set

Thumb® / Thumb-2

Protoéna obrada

3-stepena + spekulacija skoka

Dhrystone test 1.25 DMIPS/MHz
MPU Optional 8 region
Prekidi NMI + 1 to 240 physical interrupts

Kasnjenje prekida

12 taktnih ciklusa

Kasnjenje gnjezdenja prekida

6 taktnih ciklusa

Nivoi prioriteta prekida

8 do 256 nivoa prioriteta

Prekidni kontroler

Do 240 prekida

Redukcija potrosnje

Sleep/deep sleep modovi rada

Bit-operacije

Integrisane instrukcije (atomske)

Posebne instrukcije

HW deljenje (2-12 ciklusa) & mnozenje (32x32) 1 ciklus.

Podrska za debagovanje

Opciono JTAG & Serial-Wire Debug portovi.




Interrupts t

Ext | Cortex-M7
DEEE | m_ll BEI : Debug & Trace T
I o
Controller WIC NVIC FPU : ETM-M7 Interface
: : : : : " : Instrumentation
Instruction 1 TCM | |Trace Macrocell S
TCM = Cortex-M7 Processor I o - e
- I
o R ) DOTCM i Watchpaoint Unit
Lo | | Breakpaint Unit
TCM | —— :
e | Cache MPU DCache | ! oo Tables
- - |
AHB [ AXI-M : Cross Trigger
i Dot 1 Interface
Peripheral | <+—2
S}I'EIEI'I'I | t
P = y
I Main System |
| Mangfy I
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4 RISC

* Moguca alternativa

* Otvorena RISC platforma

* University of California, Berkeley.
* http://riscv.org/

RISC-V

ARM

| Cortex-A5 | Rocket | Ratia
Width (bits) 32 &4 %
Fraquency =1GHz =1GHZ 1%
Dhrystone Performance -
(Dmips/ MHZ) 1.57 1.72 1.1%
Area (no caches) 0.27Zmm* | O.14mm? 0.5x
Area (16 KB caches) O.53mm? | O.3emm? 07x
Area Efficiency 30 e 15
(Omips/ MHzZ mm?) : : .
Dynamic Power } .
MWV MHE) =1.080 0.034 =0.4x
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KapakTtepuctuke Nucleo nnioye STM32G474RE
STM32G4 muxporoHTpodep (ArmE®E Cortex®-M4 ca 170 MHz) v LQFP64 nmakeTy KojH
CaTPIKH:

o 128 KBytes dnem memopuje H 32 Kbytes SRAM memopnje 3a STM32G431RBT6.

o 512 KBytes dpmem Memoprje u 96 Kbytes SRAM memopnje 3a STM32G491RETG.

o 512 KBytes daem wmemopmje m 128 Kbytes SRAM wmemopHje 3a

STM32G474RET6.
ITornyHO kKoMmataommaH ca STM32G473RET6 (512 Kbytes daem memopnje mw 128
Kbytes SRAM menmoprje),
1 xopucErura LED ouona.
] koprcHHUYKO aIyTMe H 1 IyTMe 34 pecTapTOBABE,
32.768 kHz LSE gpHcTaTHH OCIOHIATOP.
24 MHz HSE yrpaljeHH ocIIHIATOP,

KGHEEIDPH Ha ILITOYH.

o USB ca Micro-AB.

< MIPIE koHeKTOp 3a Je0aroBame,

o ARDUINOE Uno V3 npomHpeHEH KOHEKTOP H

o ST morpho mpomupeHH DHH XeIepH 3a OVH OPHCTYVI VIa3HMA H3Ta3HMAa CBHX

STM3 2G4 MEKPpOKOHTPOISPA.
DnexcoOnIHE onmHje Hanajama: ST-LINK, USB VBUS. unn cno/samsH H3BOPH,
Vrpaljeun gedarep/mporpamep STLINK-V3E ca USB coocoOoHOmNRY DOHOBHOT
Hadpajama: MAacOBHA MeMopHja. BHpPTyenHH COM mopt H gedar mopr,
CeBeoOVXBaTHe OHOMHOTSKe OecOIaTHOr codTBepa H NOpHMEPH JOCTYVIIHH 34
STM32CubeG4 MCU naxer,

IMogpmka mMHPOKOM H300PY HHTSIPHCAHHX pPa3sBOJHHX OKpVEema VEByvayjyvhm: IAR
Embedded Workbench®. MDE-ARM. ua STM32CubeIDE.
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ITpexo xoHexkTopa CN1 Bpmu ce Hanajame I04e ca padyHapoM. Hsrmen miode ca nepudepujama
j& IPHKA3aH Ha CTHIH 2.

CHZ CH1 STLINK-IE L1 bicolor LED
OFU sormactor Migra-B LUSB. connecion L= U]

JF1 LD reed LED LO3 grasn LED
ETLINE-NIE mesei

{Over cumeni} 5P

|
L L% &
B
' g 1-- .

U STMI2FTZSIERS

{ETLINE-W3IE ML)
GH4 JP5 5 prereer
BP0 conneciar BCLPTA S8l Bcion
X1 (25 MHz)
B4 USER batinn B2 RESET buffon
JPG Target resst U2 v reguiaion
LD A0 S0PEER
U1 58 reguitalor
LD TESOTR e
WREF selachian
JPE
D0 mesgsumman
CHE CHE
AndLing ™ Connecion AsTing ™ COmnNecion
JPT
BOOTO W14 valage refl. 1IC
TLA43ICLET
CHi
Aing ™ connecior CH3

Apduing ™ oonnecion

CHY |

ST sarpho pin haadar imd

ET morphad pin heades

-G TARE

NJ.-I
L]

product el
X3

- - - i . — —— o . L A a WS T
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PC10
PC12
VDD
FBE-BOOTO
hNC
NG
FA13
PA14
FA15
GND
PBY
PC13
PC14
PC15
PFO
PF1
VBAT
PC2
PC3

NUCLEO-G431RB

NUCLEO-G474RE
EE? D15
E5V 014
GND AVDD
NC NC GND
D13
IOREF IDREF D12
NRST NRST D11
+3V3 +3V3 D10
+5V +5V D9
GND GMND D8
GND GND
VIN VIN D7
NC D6
PAD AD D5
FA1 Al D4
PA4 Al 15!
FBO A3 D2
PC1/PB9 A4 D1
PCO/PA1S AS Do

W ArduinoUnc I ST morpho
Aleksandar Peuli¢

PC8
PCB
PGS
5V_USB_CHGR
NC
PA12
PA11
PB12
PB11
GND
PB2
PB1
PB15
PB14
PB13
AGND
PC4
NC
NC



Canxa 4. STM32CubeMX

IAR Embedded Workbench
Canra 3 [IAR Embedded Workbench IDE

* FWARM - IAR

* MDE-ARM — Eeil

o SW4STM32 — Eclipse.

o STM32CubelDE — HHTeTpHCAHO Pa3B0jHO OEpVEeRe 33 STM32,
» Makefile — Visual Studio Code,

¢ Other Toolchains (GPDSC) — oCcTanH amaTH.
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ST-LINK V2 programator




Programiranje:
Konfiguracija, odabir mikrokontolera

STMI2G4T4RETx
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Konfiguracija takta

flo Y - Ly
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|lzbor radnog okruzenja, generisanje
koda

78 ! Copfigure ERe ayabsm slask o
a3d SystemClock Coafig(] ;

a1

a3 ¢ TEER JADE BEEIN SpsInifb &/
a3

34 PZER JODE END Syalnif ¢

a5

36 ' Imitislize 311 configursd pesriphersls ¢
a1 MM EEIC Imit();

a3 i [IZER JODE BEGIN 2 87

5

=l TSER SODE END 2 ag

5]
—

1 5]
L]

Infinit= locp 4
' I5ER GODE BEGIN WHILE *
while {1}
s 1
e 't USER CODE EFD WHILE 4/
57 HAL_GPI0 TogglePin (LED GPIO_Port, LED Pin):
;| HAL Delay([1000);

[To o]
[ ]

Lo s USER DOOE BESLN X A/
100 | 1
141 ‘4 [ISER OODE EXD § %y

a2 - }
1a3
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File System Help

DEES adfr#¢e@@BR-8 @

Proteus 8 simulacija

Getting Started

© Schematic Capture
© PCB Layout

© Simulation

& Miaratinn Guide

@ Help Home
@ Schematic Capture

@ PCB Layout
% Simulatinn

@ Labcenter Electronics 1989-2017
Release 8.6 SP2 (Build 23525) with Advanced Simulation

wranat laheantar ~nm

Open Project  Mew Project  Mew Flowchart ~ Open Sample

Recent Projects

Proteus Design Suite Professional

New Version Available

Registered To:
Grassington MNorth Yorkshire
Labcenter Electronics Ltd
Customer Mumber: 01-75675-344
Metwork Licence Subscription Expires: 01,/01/2031

Free Memaory: 1,574 MB
Windows 7 5P1 (x64) v6.01, Build 7601

Description

Release Date

USC Valid

Proteus Professional 8 13 [8. 13 31525]

03/09/2021

Proteus Professional 8.12 SP2 [8.12 31155]

17/06/2021

Proteus Professional 8.11 SP1 [8.11.30228]

031172020

Proteus Professional 8.10 SP3 [8.10.29560]

18/05/2020

@ Update check completed 8.9.28501]

Aleksandar Peulic
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3 Blink - Proteus 8 Professional -

File

Edit View Tool Design

Graph Debug Library Template

DEEN AEGEARE~R O B

_ﬁSchemaicCaJtu'e b 4 |

>
+

ag ﬁ:h S

A

+m=80 @B\ Ex &0

Systern  Help

D B TTEAE RS2, [EARBEDS R

C‘ 1.L
o
1

LED-GREEN
STM32F103Ce

b
L B oevces

=33

U1

D1 10 | | 7

LED-GREEN a1 Eﬁmp NRST
g
1] PA3
51 Pad
T PAR
T PAG
28] PAT
JE e
Tl
KEl PA10
3 PAT1
T PA12
7] PA13
a8 PA14 2
=— PA15 PC13_RTC 3
18 PC14-03C32_IN B
g PBO PCA5-08C32_OUT p——
——1 PB1
20
35| FB2 5
a0 PB3 QOSCIN_PDOD 5
—— PB4 OsCoUT_PD1 ——
41
] PBA
el PBG
5] PBT
25| FB8
511 PBY9
51 PB10 1
5] PB11 VBAT ——
6] PB1Z
7] PB13
S5 PB14 a4
—— PBiS BOOTOD p——

STM32F103CE

} IP " [ & No Messages

—
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