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= General purpose I/O pins

= Timers

= SPI

= |2C

= UART

= ADC, DAC
= CAN
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GPIO pins

= Present in microcontrollers sine 1970s

= QOrganized to ports:
o Can be 8-bits, 16-bits, or 32-bits ports

= Electrical characteristics

o Max, min power supply:
e Logical O: usually max. 0.1V
e Logical 1: usually min. Vcc*0,7
e 5 Volt tolerant pins or not?

o Maximal load and sink current
e Usually: 10mA, less usual 4mA
* Sink currents are usually higher: 20mA

o Timing
* One cycle, or peripheral clock depended behavior
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GPIO pins

= A port has at least 3 registers
o PIN direction
o Data Write
o Data Read

* Today micros make them more configurable

o Port function registers
* Alternate function
* Driving type: push-pull, open drain
e Pull up, Pull down configuration
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GPIO pins
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Timers

= Present since the first micros
= 816,32 bit versions
= Many choices to

o System clock
o Dedicated crystal
o External event

= Basic functions
o Selectable prescaler
Up or down counting
Clear, reload
Automatic roll over, or stop on overflow

O
O
O
O

Interrupt request
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Timers: the prescaler

= Prescaler in work: example counter counts util 36

Figure 138. Counter timing diagram, internal clock divided by 2
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CNT_EN
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Counter overflow

Update event (UEV)

Update interrupt flag (UIF)
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Timers: extended functionality

= |nput capture

DATA BUS

TEMP (8-bit)
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Timers: extended functionality

= Compare Output
DATA BUS

————
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= (8-bit Comparator )
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Timers: extended functionality

= Compare Output
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Timers: extended functionality

PWM
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OCRn Interrupt Flag Set
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Timers: extended functionality

= Encoder interface

Ghf=F 1 —— e o
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Timers: extended functionality

= Motor Control PWM-s
o Optimalised to control 3 phase BLDC motors

o Timer Arrays
* Connecting timer

= Real-Time Clock
o Dedicated 32.768 kHz crytal
o Separate power domain
* Separate battery
o Calendar functionality

o Alarm possibilities
* Able to wake the microcontroller from sleep
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Timers: extended functionality

= Watchdog timer

o Reset the microcontroller at overflow

o Independent clock source

o What happens during debug?

CORE ‘
Prescaler register | [Status register Reload register Key register ‘
IWDG_PR IWDG_SR IWDG_RLR IWDG_KR
7 Y |
! St
_ 12-bit reload value 4
LS' 8-bit
(40 kHz']| prescaler K/'?
»12-bit downcounter » IWDG reset
. VDD voltage domain |
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Timers: extended functionality

= Windowed watchdog timer
o Windowed mode: there is a window where the refresh is possible

T[6:0] CNT down counter

A

W[6:0]
|
|
3Fh -
| | |
| ' |
| | |
| I: == »
Refresh : time
Window :
T6 bit {
Reset 1
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ADC: Analog to Digital Converter

Separate power pins
o Should be separated during the PCB design

Reference:

o Power supply
o Internal 2.56V
o External

Usually 10 or 12 bit (successive approximation AD)
o Rare microcontroller lines with 16-bit ADC

Alternate functionality of GPIO pins
1 or two ADC with multiple channels
Conversion peed up to a few MSample/sec
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ADC: Analog to Digital Converter

—_— Flags Interrupt
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ADC: Analog to Digital Converter

= Data accessing
o Jofo]ofonfonfos]osforjosfos Joefosfoofoon]oo
ID11|D1G‘D9‘DE‘D?‘DE|D5|D4‘ DS‘DE‘ D1‘DD ‘ 0 | 0 | 0 ‘ 0 ‘

= Syronisating multiple ADCs
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DAC: Digital to Analog Converter

= Many times can be used for generating a wave form

DAC control register
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SPI: Serial Peripheral Interface

= Developed by Motorola
= Master — Slave architecture

= 4 wire communication
o SSEL: Slave Select
o SCK: Serial Clock
o MOSI: Master Out Slave In
o MISO: Master In Slave Out

= Synchron data transfer
o Riseing or falling edge sampling

= Rather fast full-duplex communication
o SCK rate can be high (n * MHz)

Tanszék

- Méréstechnika és
?"‘—E—ggaﬁg—“"'ﬁmm Egg\ © BME-MIT 201 7 Informaciés Rendszerek 20_
M 0 2 . &




SPI: Serial Peripheral Interface

= Master — Slave architecture

SCLK — SCLK
MOSI 5 e MOSI SPI
SPI MISO pg i MISO Slave
Mastar 551 p 55
552
Eﬂ e
s——p MOSI SP
{ MSO  Slave
p S5
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- MISO Slave
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SPI: Serial Peripheral Interface

= Data transfer

Mastar Slave
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SPI: Serial Peripheral Interface

= Peripherals using SPI
o ADC, DAC

* Easy galvanic isolation
o EEPROM-s
O Sensors

* Temperature

e Acceleration sensor

o Communication controllers
* CAN, ZigBee

o Some graphical LCD-s
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SPI1 in 32 bit microcontrollers

= STM32F107
o Max. 18 MHz full-duplex, 8-, 16-bit blokks

e DMA for transmit and receive

o Hardware supported CRC8, CRC16 calculations
* Good for MMC, SD card handling

= | PC18xx Quad SPI interface
* 1,2,4 bit operation
 Max. 54 Mbit/sec
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Inter-Integrated Circuit: [2C

First version announced in 1992

Two wire, half-duplex communication
o SCL: Serial Clock Line
o SDA: Serial Data Line

Usually 1 master many slave, but possible to use with many
masters

Maximum node number is determined by bus capacitance
(400pF)

Data rate

o 100kbps (standard)

o 400kbps (fast)
o 3,6Mbps (high-speed)

7-bit or standard 10-bit extended addressing
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Inter-Integrated Circuit: 12C

= Physical layers
o Logical 1: Vdd, Logical 0: GND

+Vpp
pull-up Rp [ll Rp

resistors

SDA (Serial Data Line)

. 4 2

SCL (Serial Clock Line)

| SCLK DATA .| SCLK DATA ,
IN IN IN IN

DEVICE 2 MBCE31
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Inter-Integrated Circuit: [2C

Communication stat with the Start condition
The SCL signal driven by the Master

The SDA cannot change during the high state of SCL
(data transfer)

Byte based transfer 8 bit + ACK bit
The MSB bit is transmitted first
Address byte, then data bytes

If there are multiple masters, then arbitration is
done (wired AND)
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Inter-Integrated Circuit: 12C

= Data transfer

o Writing
(7777777777777 777777777 7777 7777777 7777777, 77
fS;/SLAVE ADDRESS%?R/\N% A //DATA% A //DATA% A/A gpé
IR 0ttt SR e S S 2P, /)
- ’ , data transferred
0" (write) (n bytes + acknowledge)
7/ Master
o Reading Slave
1
Vs ’éLAvE ﬁDDRE”‘s’sj R’}w A | DATA ﬁf DATA i P/
//Aé* LA fi xu§ éf /] f;;z//,fé
data transferred
’ (read) (n bytes + acknowledge)
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Inter-Integrated Circuit

= Typical peripherals with 12C interface
o Low channel count ADC, DAC
o EEPROMSs

o Sensors
* Temperature
* Humidity
* Pressure

o Port extenders
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Universal asynchronous receiver/transmitter:

UART

= Asynchronous communication

= UART frame
o Start Bit
0 5,6, 7, 8or9 data bit
o Parity Bit
o 1, 1.5 or 2 Stop Bit

= Standard Date rates: 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200

FRAME

(IDLE) \St/ 0 X 1 Xz X 3 X 4 X[S]X[G]X[?]X[B]X[P]/Sm [sz]\ (St/ IDLE)
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UART

= UART physical layer: bit sampling
o Sampling start at the falling edge of the start bit
o Bit synchronization should keep during one frame

o Clock rate differences between transmitter and receiver
could cause problems (Temperature for RC oscillator)

* More than 2% difference to the nominal clock rate can cause
problem (try to keep difference <1%)

EEAERERRENENERRREE
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UART

= Examples for UART interfacing

o PCterminal, debug, measurement device control (Rs232)
o Industrial network (Rs485)

o IrDA

o Automotive communication
* LIN (Local Interconnect Network)

o Interfacing to communication modems

GSM, GPS, GPRS modem
ZigBee

TCP/IP chip

Wi-Fi interface

Power Line communication
USB virtual com port

© BME-MIT 2017
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Rs232 (EIA Standard RS-232-C)

= Physical layer

Logic level Transmitter| Receiver | +15V Space
+5...+15 +3...+25
1 -5...-15 -3...-25 LSE MSE
Start 1 1 0 1 0 0 1 0 Stop
[
Range . *
Baud rate Kabelhossz (kb) Start || bo | bl [ bz [{bs |[fbsa | b5 ||bs |] b7 ||Stop
19200 15m
9600 150m 3V
4800 300m $
2400 1000m i S
Time L
15V Mark
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Rs232 (EIA Standard RS-232-C)

m Rs232 connection: microcontroller — PC conection
+5V

C5
J:— 0.y }
C 3
10pHBY 10uA BY

1
zub-D 9 (F) 2 CE
10pHEY 10pHEY

o - Microcontroller
o o 13 12~
o - ———w»—R¥
L@ 14 11
D - - TX
w RS232 LEVEL TTL LEVEL
MAX232
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Rs485 (EIA-485)

= Bus architecture

o maximum 1200m range
= Standard describe only the Physical layer
= No rules for addressing, collision detection ...

= Twisted pair wiring with differential balanced
sighaling
o Termination resistor is used
= Half-duplex transfer

o Usually master-slave architecture

= Can be used in full-duplex mode with 4 wires

Tanszék
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Rs485 (EIA-485)

= Physical layer
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Rs485 (EIA-485)

= Logical levels and Physical voltages

+10
[ [ L) ... r
o Differential signaling q/_ﬁ n—
* Aisthe inverted or '-' signal ViD n
200mV —— — 4 ——L 4t  _ _ Maximum
* Bis the non-invertied or '+' signal ;‘,’j :Fj — | Operating
m f ange
ViD Transition
Region
___________________ Y
=10
) wn
T < 7T
3 2 8
Mark @ Mark Spacex © Mark  Mark
U, 2GR Ene s aED
Idle 11001011 Idle

- Méréstechnika és
Informaciés Rendszerek 37
Tanszék




Rs485 (EIA-485)

= Application: One of the cheapest industrial bus
system

o Nowadays industry prefers CAN or Ethernet more
* They have data-link layer suppor

= PLC-s
= Modbus
= Profibus
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CAN: Controller Area Network

= Maximum 1 Mbit/s communication data rate
(low speed: 10 kbit/s - 125 kbit/s-ig,
High-speed: 125 kbit/s - 1 Mbit/s, usually 500 k)
= Range:
o 100 m (330 ft), 500 kbit/s
o 200 m (650 ft), 250 kbit/s
o 500 m (1600 ft), 125 kbit/s
o 6 km (20000 ft), 10 kbit/s

= Usually twisted pair cable used as physical media
* Non-Return to Zero (NRZ) bitcoding with bit-stuffing
= Short variable length data frames (0—64 bit data frame)
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A CAN network

Sensor Actuator

10 17
Microcontroller
+

CAN controller

R il

CAN transceiver

Battery (+12 V) [—

Power regulator

GND b ’L—i}
CAN_L CAN_H -~
ECU ECU ECU ECU

e
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Data frame — 2.0A / Standard CAN

Data frame

IDE

|Start of| Arbitration Control field
frame field

R R

(0-8)x8

> BME-MIT 2017

CRC
Delimitern

Data field CRC field

ACK Del.
ACK Slotl

ACK field

End of | Inter-
frame mission

I =recessive

= dominant

I =recessive / dominant
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A CAN controller

CANI (Master) with 512 bytes SRAM

Master
T Mailboxes

Master Masiar
3] Rezeiva AFD0 Recaive AIFD 1
1 2 2
Meailbox 0 | 1 |
o e
Master Satus
Rx AFD 0 Ratus Transmission
Schaduler ﬁ ﬁ
.
® [Interru pt Enabke @
CAN 2.0B Active Cor
g —
i AOCESS
g Bit Timing Controller
ﬁ Filter Master
S | Filter Mode 1
E T < L L
. verFo ReSmbro1
i Save Recsive 0
Filter FIFOAssgn win 5 ;
e - [ I
Filter Adtivation S —
Mailbox 0
CAN2 (Shve)
Master Control
Master Ratus
T Satus
Rx FIFO 0 Status

Rx FIFO 1 Satus
Interrupt Enable

Cortrol/Status/Configuration
2
]
i)
g
s
§

Error Satus
- Note: CAN 2 start filter bank number n is conf gurable by writing to
Bit Timing the CANZSBE] bitsin the CAM_FMRregister
ai1AN04h
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Firmware Librarys

~ 2010
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Software support trends 2010

2006 2010 2015

ARM

MBED

_______ Firmware Library +

NXP Code Red

ST

Tl Firmware library +

CCS

Silabs

Coocox Coocox vl
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ST’s old firmware library

E? STM32F10x Standard Peripherals Firmware Library i |EII5|

= Commented in
Doxygen Le Bi:k Foi\?ald gp Hsh F@e %:t Dptians

Contents | Index I ﬁearchl Favo;_itesl

| v

| Main Page | Related Pages | Modules | Data Structures | Files | Directories |

| U . d | [5] STM32F1 Ox Standard F'r!ph . . ) .
sing Modules  |-gnoniinlll - grnizar1ox Standard Peripherals Library

E STMicroelectronics STM32 E
= Modules

= Many examples | ‘&

= @ MIsC

= @ apC

= @ BKP

= @ N

= & CRC
@ DaC

= @ DBEGMCU
= @ DMa

= @ ExTI

= @ FLASH
= @ FsMC

= @ GRIo
=@ c

= @ WDG

= @ Pwh

= @ PCC

g % ESICD Copyright 2009 STMicroelactronics

[ g SFI r
2] TIM
& @ USeRT 7’
= @ wwDG
= @ STM3ZF10x_StdPeriph_|
[ @ Template_Project The STM3I2F10x Standard Peripherals Library is a complete package, consisting of device drivers for all of the s
= @ Utiities Connectivity line, High-, Medium- and Low- Density Devices 32-bit Flash microcontrollers.
@ Diata Structures
5] Data Fields This library is a firrmware package which contains a collection of routines, data structures and macros coveri
@ File List Il includes a description of the device drivers plus a set of examples for each peripheral. The firmweare library al
@ Directory Hierarchy application without the need for in-depth study of each peripheral's specifications.

) [£] Globals LILI _—— e . ; ; _ ; " it _’lﬂ
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Firmware library of NXP

= Commented in
Doxygen

= Using Modules

= Many examples

E', LPC1700CMSIS Standard Peripheral Firmware Library Manual

¢ o 0 A
Hide Locate  Bach Fowsd  Stop Refresh Home Font Print  Options
2 FY
LContents ||ﬂdBH I §earch| Favor_itesl — — —— pl
| Main Page | Modules | Data Stuctures | Files

BILFC
= ([ Modules
@ CMsis
@ LPC17xx System
=] QZI LPCAFO0CMSEIS Firrnweare Library
B @ ADC
@ can
& @ CLKPWR
& @ DaC
@ Emac
@ ExTl
& GPOMa
& @ GPID
& @ 2C
@125
@ LIBCFG_DEFAULT
B @ MCPwM
B @ NvIC
@ PINSEL
@ PuiM
@ el
=@ AT
= @ RTC
& @ SPl
B @ S5P
@ svsTICK
@ TiM
@ UeRT
@ woT
Q LPC_Twpes
[+ Q LPCI700CMSIS Examples
@ Data Stuctures
[£] Data Fields
@ File List
[£] Globals

|

LPC1700CMSIS Standard Peripheral
Firmware Library

30_Dec_2010

founded by Philips

This software package contains Standard Peripheral Firmware
Driver Library for LFC1700. This package included Macros, Data
Types, Structure Types and Functions that are useful in peripheral
functionality application without deep-knowledge about
LPC1700's peripherals,

The LPC1700CMSIS Standard Peripheral Firmware Library is also
complaint with CMSIS,

1GMSIS

COMPLIANT

ARM?" Cortex™ Microcontroller
Software Interface Standard

Overview Manual

« LPC1700CMSIS Library
o Supported microcontrollers
o Supported toolchains
m LPC1000 Software Development Toolchain
o Evaluation boards

P o T Pt

=
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Software architecture

LIB-C
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UART printf

Application

Third party
R105 | LiB- C

Firmware library

Hardware
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UART printf

e Syscall minimal porting
e iprintf, printf differencies

ol attribute [ (used))

clint read(int file, char *ptr, int len)
SPE]

63 return 0O;

64 }

6o attribute [ [used)]

coint write(int file, char *ptr, int len]
B

63 return len;

65}

STall
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