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What are embedded systems?

* A system composed of computer processor, computer memory, and
input/output peripheral devices

* Embedded as part of a complete device often including electrical or
electronic hardware and mechanical parts

* Dedicated function within a larger mechanical or electronic system
 e.g.: calculators, printers, Microwave ovens, treadmills ...



Microprocessors vs Microcontrollers

Data bus
CPU CPU RAM ROM
General :
/O , Serial
Pl\ljlr:pose RAM ROM Port Timer Port
icro- /0 .
processor . Serial
---- Timer Port
Address Bus ADC

General Purpose Microprocessor System Microcontroller



Different Microcontrollers

* Microchip PIC
* Atmel AVR (Now under Microchip)
* Espressif Systems (ESP8266 and ESP32)

e ARM-based microcontrollers

e STMicroelectronics STM32 — What we learn

* NXP Freescale
* Texas Instruments LM4F, TMA4C ...



STM32F303RE

* We will focus on STM32F303RE, which is the microcontroller found in
the NUCLEO-F303RE Board

b NUCLEO-F303RE Board

LCD |owlic

STM32F303RE ARM
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STM32F303RE Specification

Control

3x 16-bit (144 MHz)
motor control PWM

ARM Cortex-M4 32-bit CPU -
64 Kbytes of SRAM

Power supply

Synchronized AC timer

Flexible static memory 1x 32-bit timers
controller (FSMC) 5x 16-bit timers

1.8 V regulator

* Operating voltage-2.0Vto 3.6V o

Floating point unit
32 kHz + 4 to 32 MHz FP

. . Connectivity
* Peripherals such as T b
o e PLL controller (NVIC)
* Digital I/O —
* Analogue to Digital Converters (ADC) el e debugETH
* Timers eporant Pltodom crirol
. . . . window)
* Serial communication interfaces Tpto 115105 —
. Cyclic redundancy bi
* More info: Tz:c":"sgzc:g
. controller 24 keys Up to 512-Kbyte
* https://www.st.com/en/microcontrollers- Fash momory et
microprocessors/stm32t303re.html gain ampliiers (PGA)
RO =
e Datasheet:

64 bytes backup register

* https://www.st.com/resource/en/datasheet/stm32f30
3re.pdf
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STM32F303RE LQFP64 Pins

—————

General Purpose I/O Pins

B1 [Blue PushButton]

RCC_0SC32 IN 1 TMs

RCC_0SC32_OUT

Limited pins on a microcontroller

GIPO pins can be configured by software to do different
functions like

 Digital I/0
* Analogue I/O
* Communication, interrupts, timer capture etc.

RCC_OSC_IN

RCC_OSC_oUT

STM32F303RETXx
LQFP64

USART_TX

VSS
VDD
PA4
PAS
PAB
PAT
PC4
PC5
PBO
PB1
PB2
PB10
PB11
VSS
VDD

ART_RX [[FA%
een Led]



coaST board components

LCD Micro-USB connector
5V DC Barrel Connector
NUCLEO-
F303RE Board
LDR
Keypad o . Board components:
epper motor
https://webcms3.cse.unsw.edu.au/
h B3 B
: “ LDR DESN2000/25T2/resources/112035
k 15 sl M U Direct & =
rini i e O/ insw coasT Ss & 4 STM32F303RE ARM
‘ Lf" i education board . ] microcontroller Board pIN connection:
* B B o o A0
Buzzer 3 U R e s veo\ 8, 7, https://webcms3.cse.unsw.edu.au/
‘ . s 2 Direct butt
e DESN2000/25T2/resources/112036

Shift register LED BAR
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STM32 cubelDE

 STM’s integrated development
environment (IDE)

= X
File Edit Source Refactor Navigate Search Project Run Window Help & Hello Hasindu
PY . S B v @ BvavEvevYy HvOvYQR vy ®s v - v v - 0 Q ®m|Em
O ‘ Ito r & Project Explorer = i) = B &oOutline X ®Build Targets ~ &
eeeeeeeeeeeeeeee
IZ gdjghd There is no active editor that
- s >
nnnnnnnnnnnnnnnnn :
* Compiler
. . Problems ¥ Tasks @ Console x [ Properties vov= jil. X &
[ ] D r I Ve rS No consoles to display at this time.
Memory Regions Memory Details
Region Start add... End add
* Debugger

* Flasher/programmer

e Getting started with cubelDE

* https://webcms3.cse.unsw.edu.au/ -
DESN2000/25T2/resources/112038
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Reading Material

e Zhu, Yifeng, Embedded systems with ARM Cortex-M microcontrollers
in assembly language and C
* Available in the UNSW library
* Chapter on GPIO (Chapter 15 in 4t" edition)
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End of Slides

Let us move on to the whiteboard and
some live coding

* Getting started with STM cubelDE

* Digital I/O
e Output: direct LEDs
* Input: direct buttons
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