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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Alow-power, singlechip processomptimizedfor
reaktime control.

A Typicallyincludesbuilt-in RAMand Flashmemory,
no externalstoragerequired

A Handlessimpletasks doesnot perform complex
computations

A AverageFrequency1 MHz- 500 MHz
A AverageFLOPS: 10 MFLOP®0 MFLOPS
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

: : cr\P
A MCU MicrocontrollerUnit) M\ci\;ﬁape
A Vendors
A MicrochipTechnology(PIC,AVR) ~  ©  __--"~

A STMicroelectronic(STM8)
A Texas Instruments (MSP430)
A Renesag&lectronic{RL78) UL L

*? TEXAS
I INSTRUMENTS

Jaddddd
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CPU Core

Address bus
Data bus

Memory Address

Register
T Memory Data

Register
Program Counter
System
Clock I

Current

Control Unit «—— Instruction
Register

«——>  Accumulator

Status Register
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Memories(EEPRONJs
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A RAMSs

Memory

m Y
el
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Interrupt Controllers(INTC)

ADC Channel 0 sty

_—

| Priority
12C0 TX/RX —. o

—_— e

TIMER CAP CHO '
x

SPIT TX/RX _.
=3

SPIO TX/RX
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Interrupt Controllers(INTC)

Memory
address

Program Memory
(16 bits at each address)

0x0000
== Interrupt Vector (INTO) ---

Interrupt Vector Table

0x0032

Your program 0x0034

Normal program execution

Interrupt Service Routine

Ox3FFF

Total: 32 KB
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Interrupt Controllers(INTC)

A Interrput Vector

Reserved for Debug

SVCall

Reserved
Memory management fault

Initial 5P value
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Clock
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A GeneralPurposdnput/ Output

Enable Line

@ Inverter
Output Buffer

Input Buffer

Microcontroller
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A AnalogDigitalConverteror Digital AnalogConveter

Vrer

+4V —
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Timer/Counter

Clock Input

Mo

Divided clock

LUy

Counter

Pre-scalar or
clock divider

Interupts Input signals

/O
control Output signals

Eeneric timer/counter
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Direct Memory Access (DMA)

Peripheral Unit

Handshake

|:| Master Interface
1 slave Interface
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A WatchdogTimer (WDT)

e.g. Circuits peripheral to the MCU and WDT The WDT takes the role of
(in an automotive environment) “watchdog” and watches over
MCU operation at all times.

watches
e

Watchdog Timer
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A WatchdogTimer (WDT)

- 5 1
‘ > Reset Restart Timeout }

Watchdog
Timer

Controller

4@
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Interfaces

A CommunicatiorStandards
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Interfaces

A CommunicatiorStandards
A CommonlyUsing

A UART

A CAN

A 12C

A SPI

A Ethernet

A PCI Express
A X
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface

A Communcatesvertwo wires(RXand TX)
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface
A PacketStructure

A St Start bit, always low.

A (n) Data bits (0 to 8).

A P Parity bit. Can be odd or even.
A SpStop bit, always high.

A IDLE No transfers on the communication liR&ror TxDr). An
IDLE line must be high.

(IDLE) g 2 3 4 5 B 7 8 Spl [Sp2 {5'[ / IDLE]
VoS ﬂ A AP A AP A AT AT et e '

Dr. V. E. Levent Internet of Things



MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface

A Parity Bit Calculation

A The parity bit is calculated by doing an exclusivef all the data
bits. If odd parity is used, the result of the exclusive or is inverted.
The parity bit is located between the last data bit and first stop
bit of a serial frame.

A The relation between the parity bit and data bits is as follows:

Parity bit using even parity.

Parity bit using odd parity.

Data bit n of the character.

Dr. V. E. Levent Internet of Things



MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface

A Example

Data Bus Data Bus
Bit0 Bit0

Bit1 Bit 1
Bit 2 Bit 2
Bit 3 Bit 3

Bit 4 Bit 4

BitS Bit5
Bit6 Bit 6

Bit7 Bit 7
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface

A Example
A Transmit

OxAE
10101110
MSB LSB
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface

Transmitting Receiving

A Example UART
A Transmit

OXAE
10101110

MSB LSE

Time
Newest
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface

A Example
A Transmit

OxAE
10101110
MSB LSB

:illl"
L
-l
"-'-'
-
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface

A BaudRates(Speed}

baudrate=9600bps

A CommonlyUsing
A 4800

(10[0]

19200

38400

57600 1 bit duration = 1/9600 =104ps
115200

921600

To o To T To I»

A Effectivedata rate 8/10 Pueto Start & StoBits)
A Exfor 9600 Baud Ratéffectively7680 (9600 * 0,8Bits'S can baransmitted
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A UARTInterface

CURSOR
A BaudRates(Speed} i
A CommonlyUsing Soutce
A 4800 i =t 26000
A 9600 1 2 3R.46kHz
1 v 5280
A 19200 ] Cursor 1
A 38400
A 57600 i
A 115200 E & % 3 9 @ S -
A 921600 CHE fo0v T MELus CHT 7 234y

25-May—03 0555 Z10Hz

A Diagramof 4800 Baud rate of UARTansmission
A Pulsetime 208microseconds
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MCU & MPULArchitectures Interfaces
A MicrocontrollerUnit

Time Baud Rate

A UARTInterface

ooooxa 300

y K a 115200
ndonxka 230400
Table PulseTimes

yooxa 1200
A BaudRates(Speed} nMc K& 2400
HNy X a 4800
A CommonlyUsing MDA 9600
A 4800 c bk & 14400
A 9600 PHXA 19200
A 19200 -
A 38400 onxka 28800
A 57600 HC K a 38400
A 115200 MT ®0 K & 57600
A o6 yxa  wse00
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A Inventedby Bosh 1986
A Lastupdateon 2012
A Differential Signalling
A Mostly usingin

A Automotive

A Medical
A Robotics

receive transmit

CAN transceiver
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A Differential Signalling

difference
_amplifier

+ m
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A Multiple Nodes

CAN Low
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
High-speed CAN signaling per 1SO 11898-2

1 0 1

Dominant voltage

Recessive
voltage

| ’ | | ‘ | | | ‘ | Driver logic
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A Speedupto 1Mbit/s

. Bit time

1000 kbat/'s
200 kbit/s
500 kbit/s
250 kbit/s
125 kbit/s
50 kbit/s
20 kbit/s
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork) Interface

A

To o o I

CANMessages

Broadcasto AllNodeg
Canlistedall nodes
MaximumPayload4 Bits
PacketTypes

A DataFrame
A RemoteFrame(0 Byte Datdrame
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A PacketStructure

A DataFrame
A RemoteFrame(With no data)

lemote Transmission Request

Len AnNSMISsio 2uest Delimiter Bits
ORI Data Field EOF | 1IFS | Bus Idle
Field
b 3
1 i 0...64 i1 7 3
k -4 L L

15
4

Bit Stuff ing
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface

A Arbitration

A When two nodes attempt to transmit at the same time an arbitration
process determines which one takes preference. While transmitting,

each node reads the bus state as well. If a node detects that one of it
recessive bits has been driven dominant by another node, then it stop GPI0 | ADC DMA | woT
transmitting.

Arbitration lost
Stop transmission.

Release bus to recessive state

Not transmitted
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A ControlBits

Control Field

Data Field (Data Frame)

bitratio e EERpay ¥ :
el or CRC Field (Remote Frame)

&
>

>
Data Length
Code

Reserved

IDE = Identifier Extension Bit

DLC (DataengthCodg usuallyusingfor indicatingdatalength
Greaterthen 8 usingfor applicationspecificpurposes
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork) Interface
A CRGQCalculation

A Algorithmm
uintl6_t crcl6¢har pDatg int length)
Name: CRQ6-CCITHFALSE {
Initial value: OXFFFF uint8Lt i
Poly: 0x1021 -
Reverse: no uint16_twCrc= Oxffff;

Output XOR: 0 while (length-) {

for (i=0; i < 8; i++)

wCrc=wCrc& 0x8000 ?WCrc<< 1) » 0x1021wCrc<< 1;

}
return wCrc& Oxffff;

1
1
1
1
1
1
1
1
1
1
: wCrc"= *(unsignedchar*) pData++ << 8;
1
1
1
1
1
1
1
1
1

SampleCCode
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A Acknowledge

Acknowledgement
Field
>

End of Frame Field

ACK Delimiter Bit (recessive)

Acknowledgement Slot

A Succesfullyeceivedand verified CRGrom receivingnodesin the
network
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A Acknowledge

Acknowledgement Slot

Transmitting Node in

Listening Mode

CRC Delimiter ACK Delimiter

(recessive) (recessive)

ransmitting  /
Rode CRC Segment

Receiving Receiving Mode %RLFEMF“T
Node Successfu

. G Check
Receiving Receiving Mode - R[:Caﬁgdd
Node

A Succesfullyeceivedand verified CRGrom receivingnodesin the
network
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A Acknowledge

A If all nodes in the network determine a checksum error, meaning the
sending node monitors a recessive level in the ACK slot, it is clear tha
the sending node calculated a wrong checksum. The error is therefor
local at the sending node.

A The CAN standard allows the®d- £ f SNRE A NB WSy G ¢ 0
removal) of nodes from the network due to an excessive number of
transmit or receive errors
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A CAN (ControhreaNetwork)Interface
A Example

Complete CAN Frame
Arbitration Field Control CRC Field End of Frame

ool oA
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A 12Cc TwoWire
Definedby Philips, 1982
LastUpdate 2007

UsualSpeeds
A 100KHz
A 400KHz

To Do o

SCKClock
SDA: Data

To To
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A 12Cc TwoWire

SLAVE (0x76) SLAVE (0x27) SLAVE (0x68)
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

12C¢c TwoWire
Read 1, Write O
ACK 0, NACK 1
Start O

o o Do Too

Message

Read/ CK/
Start 7 or 10 Bits Write |NACK
Bit i

Address Frame Data Frame 1 2
Start Condition Data Frame Stop Condition
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A 12Cc TwoWire
A Simple WriteExample

ACK/MNACK Bit ) ~
Data Stays Stable During HIGH SCL Pulse

ACK/NACK Bit

a5 READMWRITE
T-Bit Addrass Eit DATA BYTE Stop Condition

1 1.0 o1 l 0o o o A [p7\pe\Ds\D4)/D3\D2)D1DO} A

< IUUUUUU VU U U UL

Data > > > > >
Transmitter MASTER SLAVE MASTER SLAVEMASTER
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A 12Cc TwoWire
A Simple Rea&xample

ACKINACK Bit
ACK/MACK Bit

READMWRITE
Start Condition 7-Bit Address Bit DATABYTE DATA BYTE

SDA 1 1]/0 o[1 0 of1] A b7 ps\Ds\D4a}D3}D2|D1)/D0}, A /D7D6) D5\ D4 D3)/D2'/D1}/DOY/NA]

= Uity

> - bt
SLAV MASTER S
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A 12Cc TwoWire
A RepeatedStart

A Sometimes the master needs to perform multiple message
exchanges in one communication such as transferring
messages with different slaves, or switching read and write
operations, and does not want to be interfered with by other )
YFaUSN) RdzZNAY3I UKA&a LISNAZRZ UKSY
O2YRAUGAZ2YQ

Start

=1
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A 12Cc TwoWire

A ClockStreching

A In the masterSlave communication process of 12C, the SCL
clock on the bus is always generated and controlled by the
master, but if the slave cannot keep up with the speed of the
master, the 12C protocol stipulates that the slave can pull down

the SCL clock line.

Slave siretches the ling Master waits for SCL Bna 1o

by pulling S # become high
._I~ I-'.I. I'I_II

SCL from F Y F i
Magier — - p. 'y
SCL from =

Slave

SCL Line

Clock line 15
streched

A Defineddevicespecific
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

SPI (Serideripheralnterface
Invetedby Motorola, 1980
Lastupdateon 2000

GenerallyMax Freq25 MHz

o o Do Too

SCK SCHK
MOS! S0l
MISO S0

550 cs

551

552 SCK

S0l

SPI Slave
SPI Master

SPI Slave

500
re

SCK

Sy SPI Slave

Cs
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A SPI (Seri#@eripheralinterface

A Transmission
SlaveSelect
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

SPI (Serideripheralnterface
Modes
Simple Write

o Do T

E S Rl 35

a 1 2 3 4 § 4 T & B 1 M 97 13 W 15 W 1M W0 9% ¥ N 23 D

|~ Instruction (01h) —sje- Data Byte 2 |- Data Byta 1

High Impedanco
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A SPI (Seri#@eripheralinterface

A Modes
A Simple Read

SS# |\ /

a 1 2 3 4 5 & T & 9% 0 ¥ 17 11 14 8 % 17T H UM A2 M 2N

SCK
fa—  Instriction (05h) —=

Data Byte 2 |- Data Byte 1

MISO — 00900600@0@0@000
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A SPI (Seri#@eripheralinterface

A Modes
A CPOLGlockPolarity), CPHAGlockPhase

S5#
SCK (CPOL=0, CPHA=D)

SCH (CPOL=0, CPHA=1)

SCK (CPOL=1, CPHA=0) i / E f E / ! / '! [\ [/ / N
SCK (CPOL=1, CPHA=1) | i' \ i' \ i' i !' A Il' \ i'

2 CREREREDEFTLEIET LD
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A SPI (Seri#@eripheralinterface

A Transmission

SCK SCK

PICO = PICO

POCI POCI
Ccs Ccs

Controller to Peripheral Peripheral to Controller

S5CK
Clock frem
Controller ] U

01234567 01234567

PICO il
Peripheral-in | | L0 L L
Controller-Out4 4 0 01010

0x53 = ASCII 'S’
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CU & MPlArchitectures Interfaces

tmel ATmega640/V-1280/V-1281/V-2560/V-2561/V

A MicrocontrollerUnit

B-bit Atmel Microcontroller with 16/32/64KB In-System Programmable Flash

DATASHEET

Features

® High Peroemance, Low Peswer Atmal® AVA® BB Microcsatrolier
. ced RISE Asehiteetur

gt Choch Cyjedis Exgeiilion
0 Registers

A UseCases S

High Enduriee Meos-oclatie Memary Segmets
- BAK/TZBKIZSEKSyies of In-Sysiem Sel-Progammable Flash

A Atmega2560MicrochipTechnology e
A Datasheet '

L 11481 complisnt) nterface
Sy mzan Capabi i Accarsing & the JTAG Stardard
- Extanaive Dn-chip Detssg 5
- Programeming o Flash, EEPROM, Fusss, snd Lock Bits Srcugh the JTAG brisriscs
Pariphessl Festures

raln with Programemaiia Rawsbtion from 2 &3 16 Bt
B e

1, KTmegatenn sezsen
- TwreiTour Programmatis Saril USART (ATregs |Z01/IS51, ATmapatd/ 12002500
gty

- Inturupt and Wake-u oo Pin Chasge
‘Special Microconteolier Features
Pomar-on Remet and Programmatie Beown-cut Detection
Il Caffsrated Qncilster
Extarnal sns intsrmal Inss gt Souress

Atmega2560Datasheet 465Pages
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Atmega2560 Architecture

A Top LeveView
A 8 BitMicrocontroller
A SingleCyclelnstructions
A 32x32bit General
PurposeRegisters
A Memories

Table ConfigurationSummary

General 16 bits resolution Serial ADC
Purpose /O p ins PWM channels UsnFlTs Channels
g0 | oaw | o | wa |
N Y " —————r—

I e I N S S NS TN
[rmegezsn | o | w0 | we | @ | | 4 [
[rnegeasor | o0 | w0 | we | s | o | o | o |
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A Atmega2560 Architecture

A Top LeveView
A CBGAPackageChip

Top view Bottom view
3 4 56 7 8 9 10 10 9 8 7 6 5 4 3

OO
OO
OO
OO
OO
OO
OO
OO
OO
OO

OO00000OO0O0O
0100010101010 010;
0100010101010 0)0);

A e IT o m m o O @ PE

Table 1-1. CBGA-pinout ATmega640/1280/2560
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A MicrocontrollerUnit

A Atmega2560 Architecture

A Top LeveView
A TQFRPackageChip

GND

PHO
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Data Bus8-bit

Program Satus
ot -
Program Counter and Control

Memory

A MicrocontrollerUnit

A Atmega2560 Architecture, MPU Core s interupt
Instruction General
Register . Fhf;os? .
A Harvard Architecture Separateprogram rraisers | —CL
anddatamemory, singlelevelpipelining nsiruction Wetchdog
A RegistefFile¢ 32 R8-bit registers single g ;” —
cycleALUoperations Control Lines 5| 3 Comparator
A ALU Operationg Arithmetic, logic, single g 2 _
registerops StatusRegisterupdates B [ o Moduer
A Program Memory FlashBoot/Application | OModuen
sections
A Stack& Interrupts¢ Stackin SRAMInterrupt > VOModulen

Vectorpriority-basedhandling

A 1/0 Memoryc Direct &extendedaddressing
control registersin 1/O space

A 135Instructions
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A MicrocontrollerUnit

A Atmega2560 Architecture, MPU Core

ONS
Add two Regisf Rd « Rd + Rr Z,C,N,V,H
Add with Carry two Registers Rd Z,C, NV, H

ADD
ADC
ADIW
SUB
SUBI

B>
Y
=
x
g
3]
-]
4
o
(m|= @
ea|a o
%2122
-
]

Add Immediate to Word Rdh:Rdl «— Rdh:Rdl + K Z,C,NV 5

)
o
e

w
i

SBCI
SBIW
AND
ANDI

)
=%

2]
2|t
=

Subtract Constant from Register Rd « Rd - K Z,C, NV H
Subtract with Carry two Registers Rd« Rd-Rr-C Z C,NVH

ers

Subtract two Registers Rd + Rd - Rr Z,C,N, V. H
Subtract with Carry Constant from Reg Rd+ Rd-K-C Z,C,N,V.H
Subtract Immediate from Word Rdh:Rdl « Rdh:Rdl - K Z,C,NV S
Logical AND Registers Rd + Rd « Rr Z, NV

r and Constant Rd « Rd s K Z NV

Logical OR Register: Rd « Rd v Rr Z NV

o

0
—
3
8
=
]
s ]
1]

ORI
0
coMm
NEG
SBR
CER
INC
DEC
TST
CLR
El
MUL
MULS
MULSU
FMUL
FMULS
FMULSU

)
=%

Dip|@lz|(z|z|lz|2|2|2|m )
slalalala|lg|lg g ez |z |2]|E|a |2 |
T|D |z |2 A=

Logical OR Register and Col nt Rd +— Rdv K Z, NV

m

A Arithmetic Instructions

Rd « 0x00 - Rd ZC.N.V.H

)

Clear Bit(s) in Register
Increment
Rd  Rd - 1

Test for Zero or Minus Rd « Rd » Rd Z NV

w
i)

Rd « Rd@ Rd ZNV
Rd « OXFF
Multiply Unsigned R1:R0 « Rd x Rr

e

Multiply Signed

Multiply Signed with Unsigned
Z

-

Fractional Multiply Unsigned R1:R0 « (Rd x Rr) << 1
Fractional Multiply Signed R1:R0 « (Rdx Rr) << 1

Rd, Rr -
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A MicrocontrollerUnit

A Atmega2560 Architecture, MPU Core

BRANCH INSTRUCTIONS
RIMP on
"
EuMP
JMP

RCALL

ICALL

EICALL e )

A

zlz|z
g5
ERENE

z |z
98
CIES

Relative Subroutine Call PC+PC+k+1

Extended Indirect Call to (Z) 'C «(EIND:Z)

Z|Z
]
@

+ 3

i ( Z

—k
Indirect Call to )
i P

Direct Subroutine Gall
PG « STACK
PC « STACK
Coempare, Skip if Equal d = Rr PC+2or3 None

o
o

=z

@
3 ala|= S A N SRS
G| [

(]
=

e

m

RETI
CPSE

o]
o

Ci ]

Z NV, H

ZNV.OH
ZNV,CH
Mone
Mone

None

None
one
None
None
None
None
i(C =0) then PC « PC + k + 1 one
None

)

A Branchinstructions

)

=4 =4 =z z
]
D o )

None
on
i (N = 0) then PG « PC + k+ 1 Non
i ( ) then PG « PG + k + 1 None
Branch if Less Than Zero, Signed if(NEV=1)thenPC « PC +k+ 1 Mone

None 1
il (H=0)then PC « PC+ic+ 1 12
Branch if Overflow Flagis Set

e

@

E N P
(e [
EN D
D P
ETT P
[car [ 000000
EET
TR P
[per [ ]
EST B
EE T
E T
N
[cp [Rak ]
E-E T
EXNE CT
[sec  [Ppe ]
[sss  [po |
[eres ok ]

BREC (o |
EE I P
[erve [«
[Bres [« |
EXT PR
[ersn [«
[ero [«
ECV I PR
ET PR
T P
EEI PR
D P
E P
[ers [« ]
[erre [ ]
[ervs [ |

O
=
<
L
—
)
<
®
)
—t
=1
—
)
-
=
@D
—t
@)
—h
_l
=
>
(@)
w
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A MicrocontrollerUnit

A Atmega2560 Architecture, MPU Core

A BITInstructions

BIT AND BIT-TEST INSTRUCTIONS

[se JPo [ setBtinvoRegster  Jwoemets  JwNee | 2 ]
cel Clear Bitin /O Register
Logical Shift Left
ZC.NV
FOL Rd(0)«C.Rd(n+1)c Rd(n).C<Rd(7)
ROR
Arithmetic Shift Right
[ swap [ md — Rd(7.4)Rd(7..4)c Ad(3.
[ser s [Fagse — [sReGElet [ smEG® | 1 ]
[ecR s [FagCear  [sREGe0 0 [sREGE® | 1 ]
Bit Store from Registerto T
[ 60 [Rdb [ BitoadfomTwoRegister T mdbjer [ Noe | 1 ]
sec [ fsecamy " Teer —— Te T4 ]
fcc [ Teoewcay " Teeo " Te T4 ]
[ sen | | setNegatvePag  INetr TN s
foon [ [cearNegatveFlag  JNeo w4 ]
sz [ [ setzeoPag o Tzesn Tz 4]
[cz [ lcearzeoPag Tzeo Tz 4]
s [ Tlcovalmtemptenabe T v ]
fcu [ Tcovalmtemptosate Jireo v 4]
[ ses | | sctsignedTestPag  |ser o Ts 4]
[c,s [ T ciear Signed Test Fiag
[sev. [ [ settwoscComplementoveriow. [ ver v 4]
fcov. [ TocearTwosComplementoveriow  Jwveo v 4]
[ser [ [settinsRe o Jver It ]
for [ ToewtinsRee " Twveo Tt 4]
[sen [ [ sethaicanyFlaginsRea TwHer o Tw o 4]
[ccn | JocearHaicamyFlagnsRea [ hHeo |4 | 4 ]
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A MicrocontrollerUnit

DATA TRANSFER INSTRUCTIONS

MoV R, Ar Move Between Registers [RachR e
Movw R, Ar Rd+1:Rd « Rr1:Rr None
Rd, K n

=
o

Rd, X Load Indirect e

Rd, X+ Load Indirect and Post-Inc. (%), X « MNone

Rd, - X Load Indirect and Pre-Dec. X+ X-1,Rd « (X) MNone
2 i (Y)

LD
A Atmega2560 Architecture, MPU ColZ
Rd, None
R, Y+ Rd« (Y)Y Vet None
Y Y-1,Rde(Y) None

=

=
oo
=<

=
[w]

Rd,Y+q Load Indi Rd « (¥ + q) MNone
Rd.Z Load Indirect Nene

Rd, Z+ Load Indirect and Post-Inc. Rd « , £ Z+1 None

Load Indi and P «— Z-1,Rd « (Z) MNone
€

[l il ol
o|o(o(g

rd -
Rd, Z+q Load Indi p Rd « (Z +q) MNone
Load Direct from SRAM Rd « (k) None
X, Ar () Rr None
- X B
( r

[l
(=g =)

X, Rr None
Y, Rr None
Y+, Rr Store Indirect and Post-Inc. (Y)« Rr, Y « Y +1 None
-Y, i : one
Y+qRr None

e e
Z+, Br Store Indirect and Post-Inc. (Z) «Rr, Z+Z+1 Mone

Store Indirect and Pre-Dec. None

Store Ir it (Z + lone

Z+Z-1,(Z) « Rr
None
RO « (2)
d « (Z)

X+, Rr Store Indirect and Post-Inc (X) « Rr, X+ X +1 Nong

=z zlz =
ERE]
© o ©

A Data Transfemmstructions

s

=

None
e
2 Rd« (2). 2« 241 None
None
.z None
RAMPZZ  RAMPZZ+1__| None
[ s ] 000 [soePogamMemoy 000 [@<RtRo 0000000000 [ None
None

a
]

et el o) Ny Il ] el
=% o |: o2 o al|z a
A AP . .

ES = N <

=z =z =z
] ]
G

[mov ]
[ voww |
[0 ]
o |
[0 ]
o ]
[0 |
o ]
[0 ]
[0 |
[Pv |
[Pw |
[Pv |
E
E
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A MicrocontrollerUnit

A Atmega2560 Architecture, MPU Core

A | - e S
MCU Controlnstructions g w— T T T S R
__ For o chip Debug On
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A MicrocontrollerUnit

A Atmega2560 Architecture

A

SIS SH S 8

To

Azynchronous
Timer/Counter

ClockDistribution¢ Multiple clocks selective
activationfor power saving

CPWClock(clkCPY¢ DrivesAVRcore, registers
StackPointer

I/O Clock(clklO) ¢ Usedby I/O modules(Timers
SPI, USARHxternalinterrupts)
FlashClock(clkFLASH; ControlsFlashinterface
activewith CPUclock
AsynchronougimerClock(clkASY¢ Runs
Timer/Counterindependentlysupportsreaktime
functionsin sleepmode

ADCClock(clkAD¢ ¢ Separateclockfor ADCQto
reducedigitalnoise Timer/Counter
ClockSourceg; Selectablevia FlashFusebits,

multiple optionsavailable

AVA Clock
Control Unit

Watchdog Timer

/  Multiplexer

Low-frequency

External Clock -~ .
Crystal Oscillator

ClockDistribution

Dr. V. E. Levent Internet of Things
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A MicrocontrollerUnit

A Atmega2560 Architecturénterrupt

User Program

Interrupt Service Routine

A VectorBasedPriority ¢ Eachinterrupt has a
uniquevector, lower address=higher
priority

A GlobalEnableBit (GIEX Controlledvia |
StatusRegistel(SREGP enabld disableall "'“Lt[}l-
interrupts

A AutomaticContextSaving; Program
Counter (PCstoredin Stackon interrupt
trigger

A Nestedinterrupts ¢ Possibléf interrupts are
re-enabledinside an ISR
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| Vector No. | Program Address” | Source | Interrupt Definition

External Pin, Power-on Reset, Brown-out Reset, Watchdog
00 RESET Reset, and JTAG AVR Reset

A Mi trollerUnit
SRt I
T [ wew [ ww [ comamonsrenss
A Atmega2560 Architecturdnterrupt T s [ W [ coemamenmnemens
T s [ wwe [ cmmenmnenss
o wen [ | cwmmonsnensr
0 [ wen [ rowo | PnCmgememmthewens
A Vectorl 0w [ rom | enowmomemminewesr
T wen [ wor [ waowgmconmens
s | soic | Twenecows | TmoroomozCompo s
o | o | o | Tioscomwzomtor
e [ s | wemcown | Tvosoonit Compuo s
"o | e | wenrcows | Tt Compro s
o | wow | vowmuone | Uswmmoouanegsmremy

Conversion Complete
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A MicrocontrollerUnit

A Atmega2560 Architecturénterrupt

A Vector2

[VeclorNo_ | Program Address® | Sowce | nteruplDefinion
Timer/Counter3 Compare Match A

Timer/Counter3 Compare Match B

USART! Data Register Emply

e
L R T N e T S
_ Timer/Counterd Compare Match B

Timer/Counterd Overflow

% [so | erscowre | TmerComers Compuroiaenc |

$006E"* USART3 UDRE USART3 Data Register Empty
$0070% USART3 TX USART3 T:
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A Interfaces

A Atmega2560 Architecture, UART

A GeneralOverview
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MCU & MPULArchitectures Interfaces

A Interfaces

A Atmega2560 Architecture, UART

A Baud Rate Set

DDR_XCK
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A Interfaces

A Atmega2560 Architecture, SPI

DIVIDER
12/4/8/16/32/64/128

9
2
O
3
sl
o
i
=
=z
o
0
[

A SPIOverview

SPIINTERRUPT INTERNAL
REQUEST DATA BUS
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A Interfaces

Slew-rate

A Atmega2560 Architecture, 12CTwoWire

Bit Rate Generator

A TwoWire InterfaceOverview

Address/Data Shift
Register (TWDR)
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STM32F401xD STM32F401xE

A MicrocontrollerUnit

ARM Cortex-M4 32b MCU+FPU, 105 DMIPS,
512KB Flash/96KB RAM, 11 TIMs, 1 ADC, 11 comm. interfaces

Datashest - preliminary data

Features

A UseCases
A STM32F401RE, Bficroelectronic
A Datasheet

2F401C
M32F401RE, STM32F401VE

138 Pages
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https://www.st.com/resource/en/datasheet/stm32f401re.pdf
https://www.st.com/resource/en/datasheet/stm32f401re.pdf

MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit
A STM32F401RE Architecture

A Core:Armt  -bitiCortext-M4 CPUnith FPU,
A adaptivereaktime accelerato{f ART Acceleratogllowing
O-wait state executionfrom flashmemory, frequencyup
to 84 MHz memoryprotection unit,
105 DMIPS/1.25 DMIPS/MH2hrystone2.1),
and DSHnstructions
Memories
A Upto 512Kbytesof flashmemory
A upto 96 Kbytesof SRAM
A 512bytesof OTRmemory
A Clock reset,and supplymanagement
A 1.7 Vto 3.6 Vapplicationsupplyand|/Os
A 4-0-26 MHzcrystaloscillator

o o I
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A MicrocontrollerUnit

A ST M 3 2 F4O 1 R E AI’C h |te CtU re Optional Configurable Interrupt Controller: Centra Core with DSP/SIND: 3.40 Cor=Mark/MHz

8-Region Memory Protection Unit 1:240 Interrupts Thumb ISA
8:256 Priority Levels, NMI and SysTick Hardware Divide, Single cycle Multiply, Single Cycle MAC

A Arrnf 'b I“’CO rte)d- -M 4 C P U Wake-Up Interrupt Contraller: 3 e Optional Single Precision

— Low gate count CPU Floating Point Unit
- Configurable # of Intarrupts
- Separate power domain Armv7-M
Optional Embeddad Trace
' Macrocell for Instruction Trace
Debug ort: Memory Protection
JIAG O Senal Wire ‘
Unit Optional Flash Patch Break
point Unit

. . £x Hardware Breakpoints
Data Breakpomt - znd program patching

X Watchpaoints, . o
Data & Profiling Trace Watch point Unit
N

Optional Instrumentation Trace
Macrocell for Low-cost trace
via TPIU and serial wire output

2x AHB Lite Buses 1% AHB Lite Bus SYSTEM & Fast Peripherals
|_CODE (Instructi 3Us) 1x APE Bus ARM Peripheral Bus (Internal & Slow Peripherals}
] fficients Code Bu
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit

A STM32F401RE Architecture

A At -bitCortex-M4 CPU  [ictsiaes-Feteh IRELITT R

Address Data Phase
Phase and Load/ St
AGU Wirite Back and Branch

Instruction Decade . .
. 8 Multiply and Divide
and Register Read ‘

ALY and

Eranch Branch

Eranch ferwarding
and specuation

Ewecute stage branch (Al branch and Load Sbare dranch)
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MCU & MPULArchitectures Interfaces

A MicrocontrollerUnit
A STM32F401RE Architecture

A Armt -biHCortex-M4 CPU

NOP || ORR || POP || PUSH || REY

STR || STRE || STRH || SUB || SWC
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A MicrocontrollerUnit

A Atmega2560/s STM32F401RE

Feature
Architecture

Clock Speed
Flash Memory
RAM

Operating Voltage

UART/I2C/SPI

USB Support
External Interrupts

STM32F401RE ATmega2560
ARM Cortexv4 AVR &it

84 MHz 16 MHz

512 KB 256 KB

96 KB 8 KB

3.3V 5V

50 86

10 (including

advanced timers)

12-bit, 16 channels 10-bit, 16 channels
12-bit, 2 channels  No DAC

Yes, advanced Yes, basic

3x UART, 3x 12C, 3x4x UART, 2x I12C, 1x
SPI SPI

Yes, Fulpeed Yes FultSpeed

Yes, advanced Yes basic

Power Consumption Lower Higher

Development Tools

Keil, STM32CubelDEArduino, AVR Studio|

IAR Atmel Studio

Feature

Processingower

Memory

Power Efficiency

ADC & DAC
GPIO Count

Development Support

Interrupt Handling

STM32F401RE ATmega2560

[Z Much faster (84 MHz, 3¢ Slower (16 MHz,-8it
ARM CortesM4 with FPU)  AVR)

[ More RAM (96 KB) & Fla ¢ Limited RAM (8 KB) &
(512 KB) Flash (256 KB)

1 Lowerpower (3.3V) > Higherpower (5V)

2 12-bit ADC + DAC ¢ 10-bit ADCno DAC
>{ Fewer GPIOs (.4 More GPIOs

>¢ More complex (requires

STM32Cube, Keil, etc.) [ Easiemwith Arduino IDE

2 More advanced ¢ Basidnterrupts
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A Microprocessotnit

20pin ﬂeader 100pin SOM Expansion Connector
(Optional)

A MPU MicroprocessotJnit)

A Workswith externalRAMand storage often usedin vl 200 | - - WiFi-8T h
embeddedLinuxsystems - | o2ty
A More powerfulthanan MCU but not astrongas a |t .
CPU. | ocasm |, v
A Handleshigherperformancetasksrequiringan OS. i) O
A AverageFrequency500 MHz 2.5 GHz e r—' ——{ use 50
o — HU
A AverageFLOPS: 1 GFLOAS GFLOPS = . owamnx: Tuncmantnsins T
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A MicroprocessotJnit

A MPU MicroprocessotUnit) gy —— 44’5?0
A Vendors e G
A NXPSemiconductorgi.MX) | g 6“""»@.,@%
A Texas InstrumentsSjtarg £

A STMicroelectronic§STM32)
A MicrochipTechnologySAM)
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. c NXP Semiconductors Document Number: IMX6ULLCEC
A M ICIroO p rocesso U N |t Data Sheet: Technical Data Rev. 1.3, 08/2018

MCIMX6YODVMOSAA MCIMXEY0DVMOSAB
MCIMX6Y 1DVMOSAA MCIMXEY 1DVMOSAB
MCIMXEY1DVKOSAA MCIMXEY1DVKOSAB
MCIMXEY2DVMOSAA MCIMXEYZDVMOSAB
MCIMXEY2DVMO3AA MCIMXEYZDVMOIAB

A UseCase WX GULL Applications | SERERES e

A IMX 6 MPU Processors for Consumer
A Datasheet Products

Package Information

s represent N3

grated multimedia-fi
igh performance processi
onal integra

implementat;
whick

h. eMMC,
I connectir

139Pages
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https://www.nxp.com/docs/en/data-sheet/IMX6ULLCEC.pdf
https://www.nxp.com/docs/en/data-sheet/IMX6ULLCEC.pdf
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A Microprocessotnit

External Memary Clock & Reset
e L o]

p
CCM

A i.MX 60verview

SCU & Timer

L2 Cache 128 KB

Internal Memaory

witch Fabric

5

12C (4)
Display Interface

AXl and AHB

;

Ethemat (2)

Camera Interface

USE OTG
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A MicroprocessotJnit

A i.MX 60verview

A ARMCortexA7 CPU Architecture
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