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YAIk6 (hardware) kai Aoyiocuiko (software) Twv H/Y

YAik6 (hardware) civali To0 OUVOAO TwWV OUOKEUWV Kal TWV
ECAPTAMATWY (TTAAKETEC JE OAOKANPWHEVA KUKAWMATA, JOVADEC
OioKWYV, CUCTAMATA ATTEIKOVIONG, TTANKTPOAOYIO, mouse, KATT),
TTou atrapridouv Tov H/Y.

N\oyiouiko (software) cival To OUVOANO TWV TTPOYPAUMATWY ME
Ta oTToia opyavwveTtal N Asitoupyia Tou H/Y, woTe va kaBioTtaral
EUXEPEDTEPN N XPNON TOU KAl VO €KTEAEI TIC ETTIOUUNTEC
gepyaoiec. To AoyIONIKO dlaKpiveETAl O AOYIOMIKO OUCTHMOTOG
KOl AOYIOMIKO EQOPHOYWV.



AoyIoHIKO ZuoTAMATOS Kal AoyIoUIKO E@apuoywy

To Aoyiouiko ouoruarog (system software) atmoteAsital a1ro
TO AcitoupyikO ouoTtnua (operating system) kai Ta BonénTika
TTpoypaupara (utility programs) omrwc editors, library routines,
compilers, KATT.

Noyiouiké spapuoywv (application software) cival 710
AOYIOMUIKO TTOU €XEl oxedlaoBei woTe va Bonddel Tov XpAoTn va
EKTEAEI MEUOVWMEVEG 1] TIOANEC OXETIKEC METAEU  TOUG
eCEIDIKEUNEVEG epyaaiec. MNapadeiyuara AOYIOUIKOU £QAPUOYWY
gival Ta AOYIOTIKA UAQ, TO AOYIOMIKO EQAPPOYWYV YpapEiou, TO
AOYIOUIKO YPO@PIKWYV KOl TTOAUPECWYV, KATT.



AgITOUPYIKO OCUCTNHA UTTOAOYIOTIKWY CUCTNHATWY

Agiroupyik6 ouornua (operating system) €ival T0 HEPOG EKEIVO
TOU AOYIOMIKOU OUCTAMATOG TO OTIOIO €ival uTreUBuvo yia Tnv
KAAUTEPN KATAVOWUI TWV EPYACIWY, TNV EKPETAAAEUON TOU UAIKOU
TOU UTTOAOYIOTH, KABWC Kal YIO TNV EUXEPECTEPN XPNOIMOTIOINGT)
TOU.

To Aeitoupyikd ouoTnUO TTPOCOETEI OTO UTTOAOYIOTIKO oUCTNUO
eMITTAéOV duvaTOTNTEC KaI Agitoupyiec. Ta TNV €i0odo/E€odo
OedOMEVWY 1 TNV dlaxeEipion MVAMNG TO AEITOUPYIKO oUCTAUA
AeIToupyei oav evOIAUECO PETALU TOU UAIKOU Kal TOU AOYIOUIKOU
TWV E€QAPMUOYWY, Ol OTIOIEGC OTAV EKTEAOUVTAl TTOAAEC (POPEC
KOAOUV TO AEITOUPYIKO oUCTNUA 1 IAKOTITOVTAI OTTO AUTO.
[Mapadeiypata  OIOOEQOUEVWYV  OUYXPOVWY  AEITOUPYIKWV
ouoTnuatwyv eivalr ta Microsoft Windows, Mac OS X, Unix,
Linux, Android, ...



AnUo@IAR AEITOUPYIKA CUCTAMOATO




RTOS

Real-time systems are hardware and software systems subject
to a "real-time constraint” from event to system response.
Real-time systems must guarantee response within specified time
constraints. Real-time responses are often understood to be in the
order of milliseconds, and sometimes microseconds.

A real-time operating system (RTOS) is an operating system
(OS) intended to serve real-time applications that process data as
it comes in, typically without buffer delays. Processing time
requirements are measured in tenths of seconds or shorter
increments of time.

They either are event driven or time sharing. Event driven
systems switch between tasks based on their priorities, while time
sharing systems switch between tasks based on clock interrupts.
Most RTOS use a pre-emptive scheduling algorithm.



FreeRTOS

FreeRTOS is a real-time operating system kernel for embedded
devices that has been ported to 35 microcontroller platforms.
FreeRTOS is designed to be small and simple. The kernel itself
consists of only three C files. To make the code readable, easy
to port, and maintainable, it is written mostly in C, but there are a
few assembly functions included where needed (mostly in
architecture-specific scheduler routines).

FreeRTOS provides methods for multiple threads or tasks,
mutexes, semaphores and software timers. A tick-less mode is
provided for low power applications. Thread priorities are
supported. FreeRTOS applications can be completely statically
allocated.



Mutex

In computer programming, a mutual exclusion object (mutex) is a
program object that allows multiple program threads to share the
same resource, such as file access, but not simultaneously.

When a program is started, a mutex is created with a unique
name. After this stage, any thread that needs the resource must
lock the mutex from other threads, while it is using the resource.
The mutex is set to unlock when the data is no longer needed or
the routine is finished.



AladiIKaoia avatrTugngG Kal EKTEAECTG TTPOYPAMNMATWYV

C program

Assembly language program

Object: Machine language module

Object: Library routine (machine language)

Executable: Machine language program

Memory




Baoikég povadeg Twv HIY

Central Processing Unit (CPU). H povada auty kKavel Tnv
ETTECEPYATia TWV OEOONEVWY KAl TAUTOXPOVA €AEYXEI TNV AEITOUpYia
oAOKANpou Tou utroAoyioTh. OuoIaoTIKA avakaAgi atrd Tnv Kupia
UVvun evioAéc oe yYAwooa pnxavns (ocipéc ammo 0 kair 1) kai TIg
EKTEAEL. 2UXVA AVOQEPETAI KOl oAV ETTECEQYATTNC (processor).

Main memory (Kupia puviun). Eivar yvApun aueca TTPOOTTEAACIUN
atrd Tnv CPU. 2¢ autriv ammoBnkeuovTal utté popen ocipwy atmo 0, 1
Ol EVTOAEC Kal T OEOOMEVA TWV TTPOYPAPMATWY TA OTTOIA EKTEAOUVTAI
atro tnv CPU.

Movadec¢ Input/Output (I/O). Metagpépouv dedopéva PETACU TOU
UTTOAOYIOTH KOl ECWTEPIKWY OUOKEUWV.

Mnyxaviouo¢ Ooiaocuvdeong. Mnxaviouog Ttou ecao@aliel Tnv
emKoIvwvia petagu tng CPU, TnG KUplag pvAuNg Kal Twv PJovAadwV
/0.



Aopn atrAoU UTTOAOYIOTIKOU CUCTAMOTOG
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Von Newman and Harvard architectures

"Won Neumann
Architecture

Bus

CPU

Harvard
Architecture

iy

Program
Memory

/
/
th /
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Program
& Data

Von Neumann
Architecture:

—  Fetches instructions and
data from a single memory
space

Limits operating bandwidth

Harvard Architecture:

—  Uses two separate memory
spaces for program
instructions and data

Improved operating
bandwidth

Allows for different bus
widths




BaOIKEG UTTOHOVADEG HIOG KEVTPIKAG MOVADOG ETTECEPYATING

H kevrpikny povada cemreéepyacia¢ (CPU) atroteAcital amd 10
datapath ka1 Tnv povada eAEyxou.

To datapath atroteAeital ammd TNV aApIBUNTIKA AoyiK povada
(ALU), kartaxwpntég, povada eTTecepyaciac aplOpwy KivnTng
uttodiacToAr¢ (floating point units 1 FPU) kai TTOAEC @opéc
TNV OIKIA TOUG hovada eAEyXOU TTOU €ival OIA@OPETIKA ATTO TNV
KUpla povada eAéyxou tng CPU.

H control unit (uovada eA€yxou) gival ouvOeTn JovAada TTOU HE
BAon TIC EVIOAEC YAWOOAC PNXAVIG TWV TTPOYPONUATWY TTOU
ekTeAouvTal eAEyxel TNV  Asiroupyia Tng CPU aAAG  Kail
OAOKANPOU TOU UTTOAOYIOTN



KUpia Asitoupyia tng CPU

H kupia Asiroupyia tn¢ CPU cival va avakaAei atmmd tnv
KUpIO MVAUN akoAoubBiec evioAwv O€ yAwooag HNXavig
(TTpoypapuara) kar va TIC ekTeAEl. O1 evioAée yAwooag
unxavng gival KataAAnAeg ocipéc ammo 0 kar 1. Kabe evroAn
Tpoodlopilel TNV AciToupyia TToU Oa €KTEAECTEI ATTO TNV
CPU, kaBbwg kal ta dedopéva 1Tou Ba xpnoiuotroinbouv.
[Mpoodiopilel €tmiong Aueca 1 EUPECA KAl TNV ETTOMEVN
EVTOAN TTOU Ba ekTeAEOTEI. Na TNV €TTIKOIVWVIA PE TIG AAAEG
pnovadec tou H/Y o CPU diaBgtouv diaulo dedopEvwy,
diauAo dieuBuvoewy, KaBWC Kal YPAPMES EAEYXOU.



Agitoupyia tng CPU

10001010} (Location 0)

00110100| (Location 1)
Data to Memory Hllll!lll :Lmrilmn ']

C P U Data from Memory |L1010010] (Location 4]

10000110) (Location 5)

(Location 6)
Program :'Lq:nratinn ”']
counter: )
0010110111001000 Address for 5] (Location 9)

reading/writing 00010100 {Lﬂl:atiﬂn 10)
data




2UuxvOoTnTa KAl KUKAOG wpoAoyiou Twv CPU

H CPU cival éva yneiakd NAEKTPOVIKO KUKAWUO N AgIToupyia
TOU otroiou BacileTal o€ POAOI TTOU TTAPAYEI TETPAYWVIKOUG
TTOAPOUG N ouxvornTa Twv otroiwv (dNAadr o apIBUog Twv
TOAPJWY  avad  OEUTEPOAETTTO)  KaBopilsTtal  atmmd  €vav
kKpuoraAdo yaAalia (Quartz).

O 0OpoG KUKAOC wpoAoyiou ava@EPETAl OTOV XPOVO TIOU
OlapKei Mia TTANPNG e€vaAAayr TOU ONPATOC WPEOAoYiIoU,
OnNAadry oTnv TIEPIOOO TWV  WPEOAOYIOKWY TTOANWY. Ta
mapadeiypa pia CPU 200 MHz €xel €va poAdl TTou OTEAvEl
200x105=200000000 TTaApOoUG TO OEUTEPOAETTTO.



(QpoAoylakoi TTaAuoi

VA

0OV




[la TNV JETPNON TNG OUXVOTNTAG TOU WPEOAOYIOU XpNOIYOoTTolouVvTal
wovadec ommwe KHz, MHz, GHz. Avo@éparte Tnv Ox€on Twv
MovAadwV auTwV HJE To Hz.

1 KHz =103 Hz
1 MHz =10° Hz
1 KHz = 10% Hz

Kata tn JETPNON TWV XPOVWYV EKTEAEONG OTOIXEIWOWY AEITOUPYIWV
Twv H/Y xpnoigotroiouvtal Povadec OTTwWE ms, S, NS, ps.
Ava@EpaTe TNV OXEON TWV HOVAdWYV AUTWYV JE TO second.

1 ms =103 sec (millisecond)

1 us =10% sec (microsecond)

1ns =10 sec (nanosecond)

1 ps = 10-12 sec (picosecond) (sec: second)



Kupia pvinpn

H kOpia pvnun (main memory) utopei va Bewpnbei OTi
aTToTEAEITAI ATTO DIAOXIKEC BETEIC OTIC OTTOIEC aTToBNKEUOVTAI
TTANPOYOPIEC OI OTTOIEC €ival guvduaouoi duadikwy Yyneiwv. H
KGBe BEon TNC Kupiag pvung trpoodiopileTal atrd Evav apliOuo
TTOU KOAgital  @uoikn 0O1evBuvaon AuTAG Kal  JTTOPEl  va
TTpooTTeAaoBei apeca atd Tnv CPU. 21nv ocuvéxela dideTal n
AoyIK} opyAvwan piag pvAung 2"xb-bit. O1 dieuBuvoelg cival
Twv n bit, dnAadn n uvAun €xel 2" BEoeig, evw ol BEoEIC gival
TwV b bit.



, , AigvBuvon  ©foeig pviung
/\OYIKN opyavwon
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n-bit b-bit



H xwpnTIKOTATA TWV UVNUWV PETPEITAI OE:

Kbyte A KB, 1 KB = 210byte =1024 byte,
Mbyte i MB, 1 MB = 220 byte,
Gbyte fj GB, 1 GB = 230 byte,
Tbyte 4 TB, 1 TB = 240 byte.

'H avrioToIxa o¢:

Kbit 4 Kb, 1 Kb = 219 bit =1024 bit,
Mbit 4 Mb, 1 Mb = 220 bit,

Gbit ) Gb, 1 Gb = 2%0bit,

Tbit A Tb, 1Tb = 240bit.



Hulaywyikég pvueg

Ol nuiaywyikéG uvnues tuxaiag mpootréAaong eival dI10IA0TATES
dlataceic armmodrikeuong duadikwv yneiwv (0 p 1) oTIC OTToIEC
KGBe @opa yiveral TTPOCTTEAAON MIOC OEIpAc atro bit. O1 pvriueg
QUTEG  KaTaokeuadlovTal UTTO  MopP®r  OAOKANPWHEVWYV
KUKAWMNATWV.

AlokpivovTal O€ MVAMEC AVAYVWONG/EYYPAPNG TIOU E£XEI ETTI-
Kpatnoel va ovopalovrai RAM (Random Access Memories) Kai
UVIAUEC MOVO Yia avayvwon tou ovoudalovial ROM (Read Only
Memories).



Tummo1 RAM

O1 orankée uvnues RAM (SRAM) atroreAouvrtalr atmd KUTTOPA
uvAUNG Ta otroia Asitoupyouv ommw¢g Tta flip-flop. Ta Ouadika
dedouéva TToU  atroBnkevuovral O QUTEC dlarnpouvrtal 000
TPOPOOOTOUVTAI JE NAEKTPIKN TAON.

O1 duvauikés uvnues (DRAM) atroteAouvtal atrd KUTTAPA PUVAMNG
Ta otroia Bacilovral € TTUKVWTEC Kal attoBnkeUouv Ta dedopéEva
UTTO pop®n @optiwv. H TTapoucdia, i n artrouadia (opTiou OToV
TTUKVWTH gppnvevovTal avaloya cav 0 i 1. ETTeidr) ol TTUKVWTEG
TWV KUTTAPWV UVAUNG ek@opTifovTal PJE TRV TTAPOOO TOU XPOVOoU
Ol MVAMEG QUTEG ATTAITOUV TTEPIODIKN AVAVEWAT TOU TTEPIEXOUEVOU
TOUG.



Tommo1 ROM

Mask ROM. 211¢ pvriueC auTEC Ta OEOOUEVA EYYPAPOVTAl KATA
TNV d1adIKACIa KATAOKEUNG TOUG.

PROM (Programmable ROM). O1 PROM ¢ivai ROM aTI¢ oTr0igg
UTTOPOUV Va g£yypa@ouv OedopEva POVO Hia @opd atrd TOug
XPNoTec ToUuG. M va eyypagouv 0O0ecdouéva oe pia PROM
xpelaleral pia €101k ouokeur) Tou Aéyetal PROM programmer 1y
PROM burner.

EPROM (Erasable PROM). O1 EPROM e¢ivai Tuttog¢ PROM ol
OTTOIEC UTTOPOUV VA TTPOYPAMMATIOBOUV aTTO TOUG XPrNOTEC TOUG
TTAvw atro pia @opd. lNa va TTpoypaupaTicBouv TTPETTEl TTPWTA
VO OBNoEl TO TIEPIEXOMEVO TOUC HE €KBeOry O€ UTTEPIWOEC
(ultraviolet) QWG yia OUYKEKPIMEVO XPOVIKO Ol1doTnua. Auto
OIKaloAoyei TNV UTTapcn udAivou TrapaBupou oTta chip Twv
EPROM.



EEPROM. Oi pviuegc EEPROM (Electrically Erasable PROM)
givar TTapopolec pe TiIc EPROM, aAAG Ta TTEPIEXOUEVA TOUC
ofBrvovtal NAekTpIkA. H diaypagn kal n eyypagpry d0edouEvwyv
yivetal ava byte.

Flash Memory. Tummo¢ EEPROM tmou ofrver  kai
eTTaveyypa@eTal TToAU ypriyopa (flash). Alakpivovtal o€ TUTTOU
NAND kai TutTTou NOR. O1 pviueg flash tutmtou NAND ptropei
va OlafBacTouv Kal va ypa@ouv ava block Ttrou yevika egivai
MIKPOTEPQ ATTO TNV XWPENTIKOTNTA TOUuC. OI OUYXPOVEG MVIMEG
flash NOR diaipouvral oe diaypagpoueva Tunuara (blocks). H
Acitoupyia dlaypagnc yiveral ava block. Or pvAiueg flash ToTTOU
NOR emtpémrouv pia atmrAfp Aégn (byte) va ypagei oe pia
dlayeypaupevn BEon R va diaBaoTei avecapTnra.



SEMICONDUCTOR MEMORY

CLASSIFICATION

Read-Write Memory

Read-Write

Memory

Read-Only Memory

Access

Non-Random
Access

I B

FIFO
LIFO

Shift Register

CAM

EPROM
EZPROM

FLASH

Mask-Programmed

Programmable (PROM)




NAND & NOR application

NAND

Mass Storage

a Mobile Phone (Storage)

E Tablet PC

[—'“ Solid-State Disk

6 Memory Cards

| M emofyLow Cost and High Density

Technolc;gl;atge Mode Program

| Flash Device
Technology |

44

I3
@

NOR
Code Memory

BIOS/Networking

Telecommunications

Mobile Phone (code)

POS / PDA / PCA

* Fast Random Access
* Fast Read Speed

Page 5




Microprocessor

A microprocessor incorporates the functions of a computer's
central processing unit (CPU) on a single integrated circuit (IC).
The microprocessor is a multipurpose, clock driven, register
based, programmable electronic device which accepts digital or
binary data as input, processes it according to instructions stored
In its memory, and provides results as output.

Microprocessors contain both combinational logic and sequential
digital logic. Microprocessors operate on numbers and symbols
represented in the binary numeral system.



Aopn MIKPOETTESEPYAOTH

Address Addrass
<: | registers

control

{=

Data inputf
oulput lines
instruction

decoder,
CPU control

System control
lines, clock




KpuoTtaAAog xaAadia

Quartz
Crystal

2.UJBoAO Kal 1I000UvVauo

KUKAWQ

Actual Crystal
—D

Metallised
Electrodes

= =

—0

Represents Inertia,

Equivalent Circuit Model

%

Friction and Stiffness
of Crystal

|

O

Represents Parallel

Capacitance of Plates



Apxn TaAavTiwTtn BaoIoCHEVOU O KPUOTOAAO

Crystal

Co



Crystal oscillator
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74L.S14: Schmitt trigger Inverter
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74LS14
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_ Free Air Operating Temperature




MIKPOETTECEPYAO TS MOVO HE ECWTEPIKO KPUOTAAAO

C, 30pF
|

| 0SCT
l CPU

AT 3 -
Microprocessor
| 1-20MHz p

—| 0SC2




MikpoeTtregepyaoTrg Z80

2L 1 AO
Al -
4222 MREQ A2
-8/ To0RQ A3 —S3 p
224 WR AGS2
421 RD A5
A6
4285 REFSH A7 b
A8 ..3§+
18 yaLT AQ -39 4
Al0 38y
pde wATT All
A12 -
p-28 INT Al3
p-L17 0 NMT A14-2 »
A15 2
RESET
e HE
BUSRQ D1
224 BUSAK D2 -%-2-
D3 -8
P85 cLK D4 I
D5 S
1l lyee D6 10
-28_| GND D7 12




KUukAwpa wpoAoyiou Tou Z80

scherrerg@hotmail.com

741804 100N 741504 741.804

[

Iﬂ - X-TAL
20p
— SERIES RESONANT OSCILLATOR CIRCUIT



2nua Reset Tou Z80

[Na tnv apxikotroinon tou PE Z80 ypnoiuotrolgital To onua
RESET Tou omoiou n evepyorroinon Mdndeviler tov PC
(PC=0000H) kau ekTeAciTal n EVTOAN} TTOU BPIOKETAI O€ QUTA TNV
Béon. To onua RESET vyia va TTpoKaAECEl apXIKOTTOINON Tou
Z80 TrpEmrel va Ttrapapeivel ato 0 yia TPEIC KUKAOUG TOu
wpoAoyiou. l1a TNV TTapaAywyry TOU XPNOIMOTTOIEiTAl €I0IKO
KUKAWQ.



KUkAwpa Reset Tou Z80




Xaptng pvAaung Tou Z80

0000H
0001H

0002H

FFFEH

FFFFH

8 bit

RESET



Hardware interrupts

Ta hardware interrupts (ocrjuarta OIQKOTING) €ival orjuata EAEyxou
Twv CPU Twv oT1T0iwv n gvepyotroinon OIOKOTITEI TNV EKTEAEON
TOU TTPOYPAUMATOG TTOU EKTEAEITAI EKEIVN TNV OTIVMA KOl TTPOKAAEI
TNV e€KTEAEON €vOg "interrupt service" tpoypdpuarog. Meta 1o
TEPAC TOU interrupt service mrpoypdupaTtog n CPU ouveyilel TNV
EKTEAEON TOU TTPOYPAMNMUATOG TOU OTTOIOU N EKTEAEON OIOKOTTNKE
atré 10 interrupt. 2uvnBwc¢ Ta orjuarta dIAKOTTAG TTPOEPXOVTAl ATTO
uovadec I/0.



2nuaTta Interrupts Tou Z80

O Z80 avayvwpilel €av gival eVvEPYOTTOINUEVO TO OrUa OIOKOTING
INT o1o0o T1éAOC TnG ekTéAeong kaBe evioAnic. O Z80
TTPOYPOUMATICETAI WOTE VA QATTOKPIVETAI OTO Orda OIAKOTING ME
TPEIC DIAPOPETIKOUC TPOTTOUC (Mode 0, mode 1, mode 2).

2 mode 1 o010 TEAOC TNG EKTEAEONC KATTOIAG EVTOANC OTAV TO
onMa OIaKOTING Eival EVEPYOTTOINUEVO OEV EKTEAEITAI N ETTOMEVN
eVIOAl aAAG n evioAry mou PBpioketar otnv OieuBuvon 0038H
(PC €0038H), evw o PC amroBnkevetal otnv Kopu®Pr TN MvApNGS
stack kai n Ty} Tou SP peiwveTal Kata 2.



Alaouvdeaon Twv Bacikwy govadwyv Twv H/Y péow diauAwv

System
Bus

/1O
Lines

113

CPU

RAM

ROM

I/O
MODULE

iAA

Data
Lines
Address
Lines
Control
Lines



MikpOeAEYKTEG

A microcontroller (or MCU, short for microcontroller unit) is a
small computer on a single integrated circuit (SoC) containing a
processor core, memory, and programmable input/output
peripherals. Microcontrollers are designed for embedded
applications, in contrast to the microprocessors used in personal
computers or other general purpose applications consisting of
various discrete chips.



Microcontroller architecture

A/D

Oscillator
0 - 40MHz

' Microcontrolle




APXITEKTOVIKEG HIKPOEAEYKTWV
Atmel AVR
Microchip's PIC
Intel's 8051
ARM
ARM architecture (32-bit)

ARM®64 (64/32-bit)



MikpoeAeykTiig ATmega328P

ATmega32ZEP pin mapping

(PCINT14/RESET) PCE [ 1 28 |1 PC5 (ADCS/SCL/PCINT13)
(PCINT16/RXD) PDO [ 2 27 1 PC4 (ADC4/SDA/PCINT12)
' ] PC3 (ADC3/PCINT11)

(PCINTZ20/XCK/TO) PD4

VO 7
GND O 8
(PCINTE/XTAL1U/TOSC1) PBE ] ©
(PCINTT/XTALZTOSCZ2) PET (] PBS (SCK/PCINTS)
(PCINT21/0CO08/T1) PDS [ (] PB4 (MISOIPCINTA)
(PCINTZ2/0C0AIAIND) PDE 2 PB3 (MOSVOCZAPCINT3)
(PCINT23/8IN1) PDT O 1 6 [ PB2 (SSI0C1BPCINTZ)
(PCINTO/CLKOY (1 PB1 (OC1APCINTY)




Aopn HIKpoeAeykT) AVR

Flash Program
F‘rﬂgram Counter
Memaory
¢ e »| 32x8
_ General
|r\5tl"l...l|:t|'|:}|"l F'L.IF'F]DEE
Reg|5ter .............. ; HEgiStErE E E Ijer
¢ : Interfaces
| <—>| Timer |
Instruction
Decoder

8-bit Data Bus



Aopun Tou
MIKPOEAEYKTI)
AVR

Data Bus 8-bit

Flash
Program
Memory

Status
and Control

F

Instruction
Register

F

Instruction
Decoder

l

Control Lines

Direct Addressing

Indirect Addressing

32 x8
General
Purpose

Registrers

Interrupt
Unit

SPI
Uinit

N

Watchdog
Timer

Analog
Comparator

110 Moduled

O Module 2

EEFROM

WO Module n

110 Lines




KataxwpnTtég Tou HIKPpoeAEYKTH AVR

T
N

R27

XKrogister Low Byte
X-register High Bytas
Yaogister Low Bte
Yoregister Migh Byte
Z-ragpster Low Byte
Z-register High Byte




12.4 Interrupt Vectors in ATmega328 and ATmega328P

Table 12-6.

VectorNo.

Reset and Interrupt Vectors in ATmega328 and ATmega328P

Program
Address

Source

Interrupt Definition

| ox0010

] /_OXOOOO':'” RESET External Pin, Power-on Reset, Brown-out Reset and Watchdog System Reset
2 / 0x0002 INTO External Interrupt Request 0

3 0x0004 INT1 External Interrupt Request 1

4 0x0006 PCINTO Pin Change Interrupt Request 0

5 0x0008 PCINTA1 Pin Change Interrupt Request 1

6 0x000A PCINT2 Pin Change Interrupt Request 2

Tt \ 0x000C wWDT Watchdog Time-out Interrupt

8 ] 0x000E TIMER2 COMPA Timer/Counter2 Compare Match A

9

TIMER2 COMPB

Timer/Counter2 Compare Match B




EvToAn rpooBeong Tou AVR

Adds two registers without the C Flag and places the result in the destination reqgister

Rd.

Operation:

Syntax:

Operands:
Flags:
Words:

Cycles:

16-bit Opcode:

0000

Rd +—Rd+Rr
ADD Rd4,Rr
0<d<31 0<r
v, N, Z2, C

<31
H,

S,

dddd



XapTng uvAuNG Twv HIKpoeAeykTwy AVR

F000 17 General | #0000 F000

puUrpose

registers SUF ) PR o

F0020

registers

F005F
F0060
redizters
BHoot
Internal

FA M RAMEMD

RAMEMND+1

External
Fa

$FFFF




Memory of AVR ATmega328

Flash memory. The programs are stored here. The ATmega328
has 32 KB of Flash program memory. This memory supports at
least 10 000 writes or upload cycles.

RAM: Its content disappears when you turn off the power, but it
can be read and written really fast. Every normal variable in your
sketch is held in RAM while your sketch runs. The ATmega328
has 2 KB of RAM.

EEPROM: it's an older technology to implement rewritable non-
volatile memory. It's normally used to store settings and other
parameters between resets. The ATmega328 has 1 KB of
EEPROM. This memory supports at least 100 000 writes. You can
use the EEPROM library in the stock Arduino library to read from
and write to this memory.



XapakKTnPIOTIKA TWV MIKPOEAEYKTWY AVR

Comparison Between Processors
The ATmegad8A/PA/BBA/PA/168A/PA/328/P differ only in memory sizes, boot loader support, and interrupt

vector sizes. Table 2-1 summarizes the different memory and interrupt vector sizes for the devices.
Table 2-1. Memory Size Summary
Device Flash EEPROM Interrupt Vector Size

RAM
ATmega48A 4KBytes 256Bytes 512Bytes
ATmegad48PA 256Bytes 512Bytes 1 instruction word/vector

Armagaton
Nmegason




MikpoeAeykTig AVR

reset

pin O rx
pin 1 tx
pin 2

pin 3 pwm
pin 4

+5 volts

ground
crystal
crystal

pin 5 pwm
pin 6 pwm
pin 7

pin 8

o o= o W & Lo Rk o=

P 1 Y -
— I-.-I o

X

- A—
B L

analog 5
analog 4
analog 3
analog 2
analog 1
analog 0
ground

+5 volls ©

not conneclted

+2 volls
pin 13

pin 12

pin 11 pwm
pin 10 pwm
pin 9 pwm

O =~ OF Oh e L0 B o=

]




KUukAwpa Reset Twv emrecepyaotwv AVR
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Arduino Uno

i
DIGITAL (PWM~)

L Txme
RX HEM ARDUINO

)

)]
5011 @ -
= 2




20vdeon tou Arduino pe H/Y

10010100110

Information passes between the computer
and Arduino through the USB cable.
Information is transmitted as zeros ('0") and
ones (‘1')... also known as bits!




ARDUINO SOFTWARE

ARDUINO ARDUINO
BOOTLOADER IDE

(Must be uploaded (Installed in the
into the Atmel computer and used to
controller to make it communicate with

compatible with the and program the
arduino IDE) arduino board)

www.circuitstoday.com




Arduino
IDE

Blink
f*
Blink
Turns on an LED on for one second, then off for one second, repeatedly.

<
©
E
)
i+
@)

This example code is in the public domain,
*

fSPin 12 has an LED connected on most Arduino boards.
£4 give 1t a name:
int led = 13;

A4 the setup routine runs once when you press reset:
wold setup() {

A initialize the Ijigi‘t:al |:|j_r'| a5 an |:||J‘tF||J'tI
pinkode(led, OUTPUT);

1
J

£f the loop routine runs over and over again forever:

wvold Loop(} {
digitalWrite{led, HIGH); f¢ turn the LED on (HIGH 15 the woltage Tewel)
delay (1000 ; walt for a second
digitalWrite(led, LOW); turn the LED off by making the voltage LOW
delay (1000} ; /¢ walt for a second

1

4

l = Arduing Uno on SOML J



New Tab Open Save Serial Monitor

Arduino IDE \ Kr/ \

Verify @@

Code Goes Here

Arduing Uno on COMZ3
Board & Serial Port
Selections




2uoTnua avatmrtuéng Arduino Baciopévo
otov MIKpoeAeykTl ATMEL AVR

DC Power Jack
(AC-to-DC adapter)
(7-12V)

O.Q hOIﬂ'ﬂNﬁ

'
nzcmu. (PWM~) 5

" ARDUINO

Power OUT
(5V, 3.3V)

Power IN

14x Digital IN/OUT
(6x PWM™ OUT)
(5V, 40mA)

LED - Power ON
(Green or Orange)

Atmel ATmega328P
Microcontroller
(8-bit, 16 MHz,

32 KB Flash,
1 KB EEPROM,
2 KB SRAM)

6x Analog IN
(9V battery) (0-5V 10-bit ADC)




AvTioTolxia Twv akidwv Tou AVR pe TIG TTOpTEG TOU Arduino

ATMega328P and Arduino Uno Pin Mapping

Arduino function Arduino function
se! (PCINT14/RESET) PC&L]"

digital pin O (RX) (PCINT16MRX0) PDO[]z analog nput 4
digital pin 1 (TX) (PCINTAT/TXD) PD1 )3 analog input 3
digital pin 2 (PCINT18/INTO) PD2[+ analog input 2
digital pin 3 (PWM)  (PCINT19/0C2B/NT1) PD3[]s analog input 1
digital pin 4 (FPCINT20/XCK/TO) FD4 []s analag input O
VCC & 2 3 GMND
GMD 2 analog rele

150 ] PB5 (SCH/PCINTS) digital pin 13

18] PB4 (MISO/PCINTA) digital pin 12
digital pin & (PWN)  (PCINT22/OCOA/AIND) PDG )12 171 PB3 (MOSIOC2A/PCINTI) digital pin 11 {PWM)
digital pin 7 16] PB2 (SSI0CIBMPCINTZY  digital pin 10 (FWHM)
digital pin B 15 PB1 (OC1AMPCINTA) digital pin 2 (PWM)
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KUkAwpa Reset Tou Arduino

328BP_DTR

USE boot En

£
&

[Tt

RESET-}
1 2

Q0000000

)
i

3
RESET

iy

| = |
clibes-sa157%
542031-160R-TR-7psp “

2U4

4 LR |

RESET

(SCK)PB5
(MISO)PE4
{MOSIPB3

OOO000O0000




KUkAwpa Reset Tou Arduino

D2
ChL206-501575

ATMEGA16UZ_PIN13 ATMEGA328P_PIN1




ARM

ARM is a family of instruction set architectures for computer
processors based on a reduced instruction set computing (RISC)
architecture developed by British company ARM Holdings.

A RISC-based computer design approach means ARM processors
require significantly fewer transistors than typical CISC x86
processors in most personal computers. This approach reduces
costs, heat and power use. These are desirable traits for light,
portable, battery-powered devices, including smartphones, laptops,
tablet and notepad computers, and other embedded systems. A
simpler design facilitates more efficient multi-core CPUs and
higher core counts at lower cost, providing improved energy
efficiency for servers.



ARM Architecture versions

CRYEI O SRYES©

W Ke’ feature

NEONW ct':\mz.éi
Ady SIMD S

SThumb®2l _____ N
| ' ASLTI32I5AS A4 ISA
Y rZone”
FriscZone including: including:
m * Scalar FP * Scalar FP
(SP and DP) (SP and DP)
* Adv SIMD * Adv SIMD
VL — (5P Floay (SP+DP Fioa)
Jazelle® - AArCh3 2 AAFCHOS
ARMvS ARMvé6 ARMv7-A/R ARMvVS-A




* ARM architecture has been extended over several versions.
ARM7TDMI.
ARMY — includes “Thumb” instruction set
ARM10 — for multimedia :fg1*&111111'u:'.f_a1 video, etc.)
ARMI11 — hi;::[_h ]JEI‘fDl‘lIlEl]lCE‘ + Jazelle (Java)
SecurCore — for securit}-' app"s (smart cards)
Cortex-M — Optimized for microcontrollers
Cortex-A - I—Iigh performance (multimedia systems)

Cortex-R — {:)ptimiz.'r::d for real-time app”s

StrongARM — p ortable communication devices




Architecture WiBl:::h Cores designed by ARM Holdings Cores designed by 3rd parties Cortex profile
ARMv1 32/26 .ARM‘I
ARMv2 | 32/26 | ARM2, ARM3
ARMw3 32 |ARMSB, ARMT
ARMwv4 32 |ARMS -StrongARM; FAL26
ARMvAT lARM?TDMI; ARMSTDMI |

XScale, FAB26TE, Feroceon,

ARMvS ARMTEJ, ARMOE, ARM10E
PJ1/Mohawk

ARMvE ARM11

-1 -0+
ARMVE-M ARM Cortex-M0, ARM Cortex-M0+, ARM i
Cortex-M1

ARMvT-M ARM Cortex-M3 Microcontrolle
ARMvTE-M ARM Cortex-iM4 Microcontrolle

ARMVT-R ARM Cortex-E4, ARM Cortex-R5, ARM Realtime
Cortex-R7

ARM Cortex-A5, ARM Cortex-A7, ARM

Cortex-AG, Krait, Scorpion, PJ4/Sheeva, Apple
ARM Cortex-A9, ARM Cortex-A12, ARM ABIABX (Swift)

Cortex-A15

Application

ARMvE-A |64/32 ARM Cortex-A53. ARM Cortex-A57% X-Gene, Denver, Apple A7 (Cyclone) Application

ARMvE-R 32 | No announcements yet Real-time




The ARM Register Set

Undef Abort SVC

ARM has 37 registers, all 32-bits long

A subset of these registers is accessible in :
each mode :

Note: System mode uses the User mode
register set.

SPSR registers are used to save CPSR
of previous mode

rl3 (sp) rl3 (=p) rl3 (sp) rl3d (sp)
rl4 (1lr) rld (1lr) rld (lr) rld (1lr)

[eeer | N [ -r-- |

= Current mode L e A SIS Banked out regis[ers




KataxwpnTég Twyv ereéepyaoctwyv ARM Cortex-M

Changes from standard ARM architecture:
exception model
* Only two processor modes
for User tasks”
for OS tasks and exceptions”
+ \ector table contains addresses

Process

sp




EvroAég ADD tou ARM

For example an add instruction takes the form:
ADDrO,r1,r2 ;rO=rl1+r2 (ADDAL)

To execute this only if the zero flag is set:

ADDEQ r0O,rl1,r2 ; If zero flag set then...
;e F0=r1l 412




Raspberry Pi




Raspberry Pi — Hardware

Broadcom BCM2835

CPU core is an ARM11

D'g:-f_

3
A et <
™Mg ~
RIB| o . oT22,
7| |
218
|C187




ARM based BCM2835 main chip of Raspberry Pi

Réseaux sur puce :Network On chip NoC:

{

Coprocessor OpenGL-ES1 1120

Controller VideoCore GPU
-"‘ ,,..m.,z.,,..

TCRAM 0 enabled TCRAM 0

TCRAM 1 PRS- Core TCRAM 1

Memory Management

AMBA AX| Interface

Peripheral
Interface

F4-1-1

ARM1176JZ

ARM1176)ZF-S

=N

SOC: BCM2835 Block Diagram




2.1. Mia CPU £xer diauAho dedouévwy eupoucg 8 bit kar diauAo
dleubuvoewv eupouc 16 bit. Moo Ba eivar 10 MEYIOTO
uéyeboc (oe KByte 1 MByte) Tng kuUplag¢ upvAung Trou
uTTOPEI va O100€TEl éva UTTOAOYIOTIKO oUOTNUA BaOIONEVO
o€ QuTH.

2.2. Mia CPU é£xer diauAho dedouévwy gupoucg 8 bit kar diauAo
dleubuvoewv eupouc 24 bit. Moo Ba eivar 10 MEYIOTO
uéyeboc (oe KByte 1 MByte) Tng kuUplag¢ uvAung Trou
WMTTOPEI va OIaBETEl Eva UTTOAOYIOTIKO oUOTNMO PACIONEVO
O€ QUTAV.



2.3. Mia CPU ¢€xel ouxvornta wpoAoyiou f=10 MHz. loia €ival n
OIAPKEIO TOU KUKAOU TOU wPOAoYiou TnG.

T=1/f=1/10MHz=1/10"Hz=(1/10")sec=(100/10%sec=
=100x10° sec=100 ns

2.4. Mia CPU gxel ouxvotnta wpoAloyiou 10 MHz kal og kaBe KUKAO
eKTEAEITAI pia evioAn yYAwooag unxavng. MNoéoco Ba diapkEoel n
EKTEAEON €VOC TTpOoypAMuaTOoC TTou artraitei Tnv ekTtéAeon 1000
EVTOAWV YAWOOOAG JNXAVAG.



2.5. AT16 TiIc apxIiTtekTovikEC CPU 10U TTEPIYPAQOVTAl OTNV
ouvéxela trola gival von Neumann kai troia Harvard.

Memory
Data + Code

Program
Memory

Program/
Instruction
Address Bus

Data/
Data Variable
Address Bus

/10
Devices Devices




2.6. 210 ouoTnua Arduino TToUu QidETAI ATV OUVEXEIQ EVTOTTIOTE
TOV MIKPOEAEYKT, TOV KPUOOAAAO TOU TOAQVTWTA KOl TO
OAOKANPWWMEVO TTOU PETATPETTEI TA OEIPIaKA orjuata o USB.

Cn) (=) oc-o (va




2.7. 210 ocuoTnua Arduino TTou QidETAlI OTNV CUVEXEIQ ONUEIWOTE TIG
WPNPIOKEC €10000UG/ECODOUC, TIC AVAAOYIKEC €10000UG Kal TIC
OEIPIAKEC €10000UC/eCODOUC.

“e
O
&

 __ __ DICITAL (PWM~) - @

2 O@ﬁﬂiﬁ I

axc- - ARDUINO ~%




2.8. 2¢ évav emregepyaoT) AVR Twv 8 bit o1 kataxwpntéc R1, R2
TrepiExouv 1a 0edouEva OxX0A kal OxOB kTeAgiTal n eVTOAN
ADD R1, R2

[Molo €ival To TTeEPIEXOPEVO TWV KaTtaxwpnTwyv R1, R2 yeta tnv
EKTEAEON TNG EVTOANG.

Adds two registers without the C Flag and places the result in the destination register
Rd.

Operation: Rd < Rd+Rr
Syntax: ADD Rd,Rr

Operands: 0<d < 31 0<r<31
Flags: H, 8, V, N, Z, C
Words: 1
Cycles: 1




2.9. 2¢ évav emre€epyaot) ARM Ttwyv 32 bit o1 kataxwpntéc R1, R2,
R3 trepiExouv ta dedopeva 0x000000001, 0xO0000000A kai

0x0000000B, ekTeAciTal N EVTOAN
ADD R1, R2, R3

[Molo gival To TTEPIEXOUEVO TV KaTtaxwpnTwy R1, R2, R3 peta
TNV EKTEAEDN TNG EVTOANC.

— ADD r0O,rl,xZ2 : 0O = rl + r2 (ADDAL)



2.10. 210 ovotnua Raspberry tmou akoAouBei onueiwoTte 1O
OAOKANPWHEVO KUKAWMPA TTOU TTEPIEXEI TOV ETTECEPYQOTH)
ARM, 1nv B8€on TG TopTac GPIO, kal Tnv 8upa HDMI.




