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ATmega328PB «

Status: In Production.

Download Data Sheet B Documentation v Symbols

The high-performance, ow-power Microchip 8-bit AVR® RISC-based
microcontroller combines 64 KB ISP Flash memory with read-while-write:

p I I
capabiltie, 2 KB EEPROM, 4 KB SRAM, 27 general purpose 110 lines, 32 general
purpy regisers, P and p
“E a PWM, one UART with HUW LIN, an 11-channel 10-bit A/D converter with two ®  sampling Options

W Purchase Options

differential programmable gain input stages, a 10-bit D/A converter, a
programmable watchdog timer with an internal individual oscilator, 5P serial

li

b Programming Services
v ReadMore

Product Features

arduino embedded ¢ a —_
« 131 Powerful Instructions. Parametrics

Click on a property o perform a parametric search or other
 EallyemiEajeratice products with that property.

« Upto 20 MPS Throughput at 20 MHz

+ OnERip e Malipler Max ADC Resolution (its) 10

+ 32 K8 f InSystem Sef rogrammable Flssh program memory

+ 1 KB EEPROM Program Memory Size (K8) 2



Physical / Virtual Computing Physical / Virtual Computing

CO & SAVBA O3 bin_class.ipynb
File Edit View Inscrt Runtime Tools Help Lastcdited on December 1

I Code 1 Toxt

s 1u si vygencrujeme nejake nahodne cisla, ktore budu predstavovat fasu tre
nakreslime, aby sme videll ako vyzera.

© - senerste 20 classification dataset
" X,y = make_circles(n_samples=ien, noisesq.l, random_statesi)

# scatter plot for each class value

for class_value in range(2):
# select indices ot points with the class label
roL_1X = np.uhera (y = class_valiue)
# scatter plot for puints with a different color
pyplot.scatter(x[row_ix. 8], x[row_ix, 11)

# show plot

pyplot. shou()

Jean Jennings, Marlyn Wescoff a Ruth Lichterman programuit pocitat ENIAC na Pennsylvanskej univerzite v USA, 1946. e

Vyvoj HW

4+1 4+4

1 MB paméte 6000 x 6 GB RAM + 64 GB sd
550 W 100 x 5W

29 kg 150 x 1919

1,2 MIPS 8000 x 10 000 MIPS

Vgvoj SW o en Miniaturizdci
S o (ETEETams miacturizacia
printf("sd, 3d\z", (int) (100* (sin(x)+1)),c);
_ORG 0030h if (c>245) ]
R 03h, 01h, 02h, 03h printf ("Alarm! Temperature HIGH!!!\r");
.ORG 0000 if (c<5)
printf ("Alarm! Temperature LOW!!!\z");
oA 0030H _delay ms(300);
MoV C,A ; lnitialize c-counter X=x+0.17
sue 0 )
1x1 initialize point return 0;
BACK: ApD SUM + aata } /* End Of Main */
INX crement pointer
DCR B ement counter
JNE BACK ; if counter 0 repeat
STA 040H ; Store sum U
from microbit import * . .
display.show (Image.YES) ///)
while True: O — S
if button_a.is_pressed() and button b.is_presse z o
display.show (Image.HEART) Lo
sleep (500) » ad L
elif button_a.is_pressed(): T e
display.show (Image.HAPPY) S
elif button b.is_pressed():
display.show (Image.SAD) |

! Vyvoj programovacich jazykov: Asembler, jazyk C, Python a



Miniaturizacia Moorov zakon

Ak by sa rovnako rozvijal automobilovy priemysel:

300 000 km/h 850 000 km / liter 0,04 $/ ks

Embedded
Computing

Embedded Computing / vnorené systémy

pocitac¢ = suciastka

Play Games With the Entire Family!
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MEMORY
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Struktara poéitaéa Architektura Von Neumann (Princetonska)

BUS / Zbernice
5 Control

Procesor e v
Address I I I
riadi, realizuje vypocty & '
. Data
Pamat <=

pamat dat & paméat programu 1[

Mikroprocesor

Riadiaca jednotka

ALU

OUTPUT
vystupy

Input/Output Mikroprocesor MEMORY TG Prog;ram a Data: su uloZzené v paméti.

interface na okolity svet amt amit e - Instrukme,

Napsjanie i “ AN - déta (&isla, znaky, ... ),
- adresy MEMORY ROM

ALU . ! . . L ox: rogram + data .\
st ukladané ako dvojkové Gisla. prog
. POWER /
napsjane aduiome. i oo

Pozadujeme: rychly procesor a velkt paméat =>

Presuvanie informacii: ,von Neumannov bottleneck“— John Backus 1977.

Harvardska architektara (Aiken) InStrukény cyklus

InStrukény cyklus
Mikroprocesor

* Vyber inStrukcie z pamate
OUTPUT

vystupy » Dekodovanie intrukcie
* Vyber operandov DECODE
* Vlykonanie pozadovanej operacie
» Zapis vysledkov do pamate EXECUTE

RoM MEMORY RAM
program

Paralelizmus: pipeline cisc RISC

< ROZKLAD =
3-siupﬁové pipeline INSTRUKCIA - SPRACOVANIE » SPRACOVANIE
MULTA, B

LOAD r1, A
LOAD r2, B
DECODE

MULT r1, r2
STORE

EXECUTE DECODE

EXECUTE DECODE CISC: mélo (4-100)

execution time = pocet instrukcii x CPI x frekvencia

EXECUTE

RISC: vela 1



Historické okienk C. Shannon - Theseus:
Istoricke okienko Maze-Solving Mouse (1952)

1952

Source: http://cyberneticzoo.com

From CPU to software,the

Mlcrocom puter is here.

iputer s here- ) calultors word processors,slcalibrating nstruments dat oggers, commurica

Besto s real—in production
\ ot e and valbie mhame quanitis

e
4 dp 8060 proc-
song corsarounda
. oncithe Interacing s minimal
ware d 3 because all ?
sptemior boB 0, | decoded:
e design documents:  § mpatie Th o
and backed :
by more than 100 man yeas The m'mcnx\)mpuwrhm
mpuier oxpertse - 78 basic nstructions, mcluding the
successor o compiex cusor
he

interrupt, very.
arthmetic
Program development o he 8080 can b don

mp and simulato
s wih rscdnt o et o ] e assoral
The ner

oo Lorge. o cos AN BN DOV a1 B emavdable
ow ant wo il con announce ofber 8080 5! supportcrcul
/8080 i easier to use and more economical than any high performance

computer d design support.
Intel Corporation, 3065 Bowers Avene, Sana Clara, Calforria 95051
sysiems include ineligent terminals, point of sale (4082467501
e conrs achanced - Vg s e
% |nte| M Farst from thek
D0-D7 bidirectional Data Bus Data (Extornal Memory

Intel 8080 t Address
Intel 8080 [ B

Produced  April 1974; 43 years ago(!) 1[ 8 Bitinternal Data Bus

. . ; 5 eraa|
CPUclock: 2 MHz to 3.125 MHz (8080-A) bt O s amets c i
Package: 40-pin DIP E l
Power: +5,-5and +12V, ~ 1,3 Watt L Aezumuitor

Military -55°Cto+125°C

Technology: 6 pum, 6 000 transistors, die size 20 mm? Stack Pointer

Program Counter

BUS / Zbernice

Common manufacturer(s)

Intel, AMD, NEC, National Semiconductor, OKI,

Siemens, Texas Instruments, Agarossous
Sovietsky zvaz KR580VMB80A, !
Polsko MCY7880, CSSR Tesla Piestany MHB8080A I Timing and Control |
WRITE _Data Control_Interrupts  Hold Wait __Clocks Reset.
§ B g 33z 3o &
r. 1979 — 500 000 ks / mesacne za cca $3 -4/ ks Control g 8 2z 229 § 4 “T i




ll ot EPROM 1kB
monitor i

Instrukéna sada procesora 8080

» Sklada sa z
— 74 zakladnych instrukcii, napr. MOV

— 246 konkrétnych instrukcii, napr. MOV A,B

* 8080 instrukcie delime na

1. Data Transfer (Copy)

2. Arithmetic

3. Logical and Bit manipulation
4. Branch

5. Machine Control

=<

Presunové
Aritmetické
Logické
Skokové
Riadiace

f it
} Displej 8 x 7-seg. E|

Klavesnica 5x5

{c ol e |
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M- 80~ CENTRALNA CAST - SCHENA ZAPOJENIA

Strojovy kod vs. jazyk symbolickych adries

ADD B

; sucet dvoch cisel A a B
START: MVI A, 0lh ;vloz 01 do A
MVI B, 02h ;vloz 02 do B
cA =

I

A+ B

0000 3A OD 00 47 3A OE 00 80 0008
32 OF 00 76

Mikroprocesor rozumie len strojovému kodu!
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Building the Future
o ATmega328PB «
With AVR
- Satus: nPrducton
2 Download Data Sheet B Documentation v Symbols

The high-performance, low-power Microchip 8:bit AVR® RISC-based
bi ISP Flash memory with

capabllites, 2 KB EEPROM, 4 KB SRAM, 27 general purpose U0 lines, 32 general

purpt registers, o and

PWM, one UART with HW LIN, an 11-channel 10-bit A/D converter with two

| =\=N

AlcRocHIP

MicRocke  ATH

differential programmable gain input stages, a 10-bit D/A converter, a
programmable watchdog timer with an internal individual oscilator, 5P serial

v ReadMore

<b Programming Services

Product Features

M A\ MicrocHIP
ATH

y814
A\ MicrocHIP
ATtiny417

& Design &

« 131 Powerful Instructions Parametrics
« Most Single Clock Cycle Execution

« 328 General Purpose Working Registers

« Fully Static Operation

+ Upto 20 MIPS Throughput at 20 MHz

« On-Chip 2-Cycle Multplier

« 32.K8 of In-System Self-Programmable Flash program memory
+ 1 kg EEPROM

Clickon a property to perform a parametric search for other
products with that property.

Max ADC Resolution (bits) 10

Program Memory Size (KE) 2

Data Bus 8-bit

i
1995 AVR architektura: Alf-Egil Bogen a Vegard Wollan, AVR - Architektura . ]
Studenti na Norwegian Institute of Technology v Trondheime Program Status
Pfo‘;f:m Counter | and Control |' 1
Alf and Vegard's RISC processor Memory  J¢—————
Advanced Virtual RISC processor l m
32x8 -‘
iginal AVR MCU — local ASIC house in Trondheim, N Regsiar Fuposs (] =
original -- local ouse in Trondheim, Norway egister urpose SPI
(now Nordic Semiconductor) (| Feakine [«
Instruction
1996 technology was sold to Atmel from Nordic VLSI o [«
further developed by Bogen and Wollan at Atmel Norway g G
i
jeden z prvych bol AT90S8515, 40-pin DIP pinout as an 8051 PR 3 < ey
(polarity of the RESET line was opposite). H g
=] £ /O Module1
1997 zacala vyroba L
SD;/RA L) 1/0 Module 2

len do r. 2003, Atmel had shipped 500 million AVR

1/0 Module n

2019 Atmel -> Microchip Technology

EEPROM

Procesor optimalizovany pre jazyk C
+ RISC: vacsina instrukcii trva 1SC
+ FLASH: rapidne zrychlenie a zlacnenie vyvoja




AVR -

AVR® Overview — Available Now!

Flash
128 KB

64 KB

48 KB

32Kk8B

16 kB

Program Counter
Address 14b.
FLASH Memory

8 Bit internal Data Bus

Control

R31 (ZH) R30 (2L)
R28 (VL)
R26 (XL)

[ T

Stack Pointer

1/0 registers

g 1/0PORTC

PPN cichdog Timer
PPN Counter T1
i~ Analog Comparator,

SRAM

DATA 00
o

A/D Converter

L= comm: UART

Timing and Control
Interrupts Clocks

Mg Comm: TWI

4

PCINTa

Pomocou AT AVR mikroprocesorov mozno realizovat jednocipové rieSenie

ATtiny1614

ATtiny3216 ATtiny3217

ADC TIMERS RTC
SPI cPu PWM
™wi USART PWM
FLASH RAM EEPROM
Brown-Out Pull-ups O/
Detector on demand O_-I-

Reset

outputs

Programmable
Watchdog

Calibrated
On-Chip OSC

OCD/JTAG

ISP

m High-current S
Ciruitry : 4.—‘

av

[avra2802s) [ (AvRazanass)
s O O O

A Lav 18] |AVRGADAGA |
avroans2s Il aveoaoss2 Il avesansas Jll AvReanBes

e

AVR DB family
OPAMPs
Multivoltage /0

[ (tmegaseos ) (tmegasaos | ( atmegaseos |

12-bit diff ADC,
DAC, TCD, ZcD

(megeime) (Rimegii

ATtiny1616 ATtiny1617

ATtiny814

ATtiny816 ATtiny817

(Cavtinyas ] (Catinysos ) (aviysor ) [ (Aimegasos | [ Aimegasos )| ([imegasos

(Caminyaoz | (" aminyaos | [ Ateinyacs |
T T T T T
8 14 20 2 28 32 a8 U6 Pins

Pomocou AT AVR mikroprocesorov mozno realizovat jednocipové rieSenie

ADC TIMERS RTC
Mikrokontrolery AT AVR maju
zabudované nielen SPI CPU PWM
klasické periférie,
T™WI USART PWM
ale aj
\ FLASH RAM EEPROM

Brown-Out
Detector

Watchdog

Costly
Emulator

AV

| | Programming
Circuitry

AVR families

tinyAVR

megaAVR

XMEGA (real time, USB, comm)

AVR UC3 L3 (battery, low power)

avr32

GND L

Microchip Technology ATtiny102/104 AVR 8-Bit Microcontrollers

PATO
Pa0]

POINTI110]
INTO

ADC[T0)
vee

OCOAB
T

1cP0



128 kB FLASH
8 kB boot

XMEGA
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Microchip Technology AVR® XMEGA® 8/16-bit Microcontroller 12881

-> nie je AVR!
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Microchip Technology ATmega328 AVR 8-Bit Microcontrollers

Microchip Technology ATSAMD21

-

cwen
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AVR32

256 kB FLASH
64 kB SRAM
SDcard

Microchip AVR® 32-bit AVR UC3

Figure 2-1. Block Diagram
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ATMEGA128 Tz

R

HOO ntgrated Ampifier,
Heg ay

Vstupy a vystupy

THE
Figure 13-2. General Digital 1/0(") DEFINITIVE

ARDUINO

PINOUT DIAGRAM

DATABUS

- e

Vstupy a vystupy (1/O) /O Pin Block Diagram: Input

e /
PORTA PORT B.0 T meeaw DORxn Pull-Up
PRt e PORTB.1 [ooran | 0 :
PORT C PORT B.2 1
PORT D PORT B.3 g e - PORTxn 1
PORTE PORT B.4 | hoae Of portx B : /
PORTF PORT B.5 Sy 0 = /
: PINxn / Physical Pin
e —
13.4.2 PORTB - The Port B Data Register /
—_
Bit 7 6 5 4 3 2 1 0 /
0x05 (0x25) [PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTB0 | PORTB DDRxn /0 PORTxn PUD Pull-up Poznamka
Read/Write  RW RIW RIW RIW RIW RIW RIW RIW (MCUCR)

Initial Value 0 0 0 0 0 0 0 0 0 In 0 X No Tri state (Hi-Z)



I/0 Pin Block Diagram:

Pull-Up

Physical Pin

/

PUD Pull-up
(MCUCR)

0 In 1 0 Yes

DDRxn 110 PORTxn

I/0 Pin Block Diagram: Output

D]

—_

Poznamka

Zdroj prudu (malého),
ak ,pulled down*

']
/
DDRxn // Pull-Up
1 / Ve =5V
PORTXx
0
PINxn U
Physical Pin <20mA
: [
//
/
DDRxn /O PORTxn PUD Pull-up Poznamka
(MCUCR)
1 Out 0 X No Out - L (Sink)
,ATMEL AVR* | ,Microchip PIC*

1/0 Port — zapojenie vstupného pinu

Ochranné diody

17

= Programovatelny
Pull up odpor
20 az 50 kQ
PU

Logic

e Figure
*General Digital /0" for

Wite LATX
Wite PORTX

Data tus

Read PORTx
o digtal peripherals:
ANSELx

o analog peripherals-

|
|
|
|
|
|
|
t
|
|
|
|

/oL
l

22 Upy> Ve 72

22 Uy <V 22

pin

Details

I/0 Pin Block Diagram: Input

DDRxn Pull-Up
O -
PORTxn
1
PINxn . .
Physical Pin
’ D
—_——
DDRxn /0 PORTxn PUD Pull-up Poznamka
(MCUCR)
0 In 1 1 No Tri state (Hi-Z)

I/0 Pin Block Diagram: Output

DDRx
PORTx
PINXx

x=AB,..

NMCUCR - MCU Control Reglster

Readurte

R
PORTxn '

/ Pull-Up

PINxn ) .
Physical Pin
U=5v
? ]
) [ —
DDRxn PORTxn PUD /O Pull-up Poznamka
(MCUCR)
1=0ut 1=Pull-Up (off) X Out No Out - H (Source)

1/0 Port — novsia architektira portu:

RD/RW
RD/WR
RD/(WR)
pullup
F rezistor

DDRx
| P |

it)
<20mA

1]”Off“ < T PUD=log.0

log.1 = out

oxs oussy [~ Foos TEooee T Pop T —T 7
I — C——

0 o o ° o o o

10g.0 = in

oo 0
+ Bit4—PUD: Pullup Disable P PULLUP DISABLE Wor  WRTEDDRX
ifthe DD and SLEEP:  SLEEPCONTROL R o
See Secton 13.2.1 C = Pin on page 52 for more. Olk 10 CLOCK WR  WRITE PORTx
detalls about s feature [ PORTX REGISTER
RPc  READ PORTAPIN

Whx  WRITE PINXREGISTER

DATABUS



Programovanie /O bitov v Arduino C

// initialize digital pin LED BUILTIN as an output.
pintode (LED_BUILTIN,| OUTPUT) ;

// turn the LED on (HIGH is the voltage level)
digitalWrite (LED_BUILTIN, HIGH);

// turn the LED off by making the voltage LOW
digitalWrite (LED_BUILTIN, LOW);

St. ver.

Nov. ver.

®
8
8
<
S
o
£
<

LMU358IDCKR

Programovanie /O bitov v jazyku C

// initialize digital pin LED_BUILTIN as an output.
pinMode (LED BUILTIN, OUTPUT); DDRB |= (1 << DDRB5);

// turn the LED on (HIGH is the voltage level)
digitalWrite (LED_BUILTIN, HIGH); PORTB |= (1 << PORTB5);

// turn the LED off by making the voltage LOW
digitalWrite (LED_BUILTIN, LOW); PORTB &= ~(1 << PORTBS),

St. ver.

®
8
8
<
S
o
£
<

n BT {1}
s

Programovanie 1/O bitov v assembleri

START: SBI 0x04,5 ; DDRB.5 = 1 (t.j. Output)
LOOP: SBI ©x05,5 ; PORTB.5 = 1 (t.j. High, rozsviet LED)
CBI 0x05,5 ; PORTB.5 = @ (t.j. Low, zhasni LED)

13.42 PORTB - The Port B Data Register

Bt 7 5 5 < 3 2 o 0
005 (0125 [FORTET | PORTES | FORTEE | PORTEA] PORTS3 | FORTEZ | PORTET| PORTET] PORTS
Readwite RW AW WM AW AW AW AW AW
ntavae 0 o o o 0 o o o

13.4.3 DDRB - The Port B Data Direction Register

st 7 5 2 ' 0

s 4 o

w 004 026) Toe D067 ] o6 ooRs

] Readtite R R R R R R

s mavie o o o o o o o o

b

] 13.4.4 PING - The Port B Input Pins Address

- Bit 7 [ 5 4 3 2 1] 0
0003 0123 [ PRET T PG PIGE | PIET ] PIET [ PGz [ PRET T PRET] P
catte R T %
Ve NA NA NA NA NA NA NA NA

Programovanie /O bitov v jazyku C

DDRB

= (1 << DDRB5); PORTB &= ~(1 << PORTB5);

DDRB = DDRB | (1 << DDRBS); PORTB = PORTB & ~(1 << PB5);
DDRB [x [x[2[x [x[x]o[1] PORTB|x[x[2[x[x[x]o[1]
&t fofrfr]i]r]1]

OR [ofo[1]o]ofo]o]o]

[x [x [ x [x [ x[o]1] [x[xJedx [x[x]o[1]

1<< 5
[efefoofo oot} [ofot oo oo o]

1<<5 ~(1<<5)
N ¥ P M | Ll fofefr a]r]1]

https://senzor.robotika.sk/sensorwiki/index.php/AVR_Bit_Magic



