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KUkAwpua tTapaywyng twv 0 kai 1
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Z80 and simple input port
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Ordering Code:

DM74LS244WM 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74L52445 M20D 20-Lead Small Outline Package (SOF), EIAJ TYPE Il, 5.3mm Wide

DM74LS244N 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Taps and Reel. Spedly by appending the sulfix letber *X° io te ordesing code.

Connection Diagram Function Table

Yoo 260 11 244 1Y2 243 1Y3 2AZ  1Y4 241
20

18 |17 |16 |15 |14 |13
L = LOW Logic Level
H = HIGH Logic Level
. . . ' ¥ = Either LOW or HIGH Logic Level
! l I ! £ = High mpedanca
4 i 5 & T ]

G 1A1 2¥4 1A2 2Y3 1A3 2¥2 1A4 2¥1 GND




KukAwpa £voeigng Tou 0 kai Tou 1 ye LED. To LED avaBer yia V., =5V.

Vin R1
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3300 +




Z80 and simple output port

OUT (03), A

DO Qo
D1 Q1
D2 Q2
D3 Q3

D4 Q4
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Function Table

OQutput
Control
R

L
L
H

H=HIGH Level (Steady State) L = LOW Level (Steady State)
X = Don't Care Z = High Impedance State

Qg = The leve! of the output before steady-state nput conditions were established




Seven segment display
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Generic Model-of I/O Module

Address Lines

System

Data Lines Bus

Control Lines

| I

I/0 Module

Links to
peripheral
devices
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NMANKTPOAOGYIC

Function Keys

Numeric
Keypad




AopRl evouppuaTtou TTANKTPOAoYyiou

EEPROM
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Aopun acupupaTou TTANKTPOAOYiou
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Pointing Devices




EcWwTEPIKO OTTTIKOU mouse
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AgiToupyia oTTTIKOU mouse




Optical mice illuminate an area of the work surface with an LED
to reveal a microscopic pattern of highlights and shadows. These
patterns are reflected onto the navigation sensor, which takes
pictures at a rate of 1500 images per second or more



The Navigation Engine identifies common features in sequential
images to determine the direction and amount of mouse
movement. Image B was taken while the mouse was moving, a
short time after image A. It shows the same features as image
A, only shifted down and to the left.



Sound Cards



Computer Sound Blaster sound card




Motherboard connectors

RJ45 Gigabit
2x TRUE USB 3.0 Ports Ethemet Port

Center Speakear

PS/2 Mouse Port Coaxial S/PDIF Out

— fm)
|
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Jack

: ‘ - p—— Microphone
® - 168

Side Speaker
Jack
Clear CMOS Button

PS/2 Keyboard Port

2x USB 2.0 Ports 2x USB 2.0 Ports




AgiToupyia TNG KAPTAG XOU

Sound Waves Electrical Voltage Binary Data Electrical Voltage Sound Waves
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Simple Sound Card Architecture
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Modern sound card

Optical S/PDIF in

Optical S/PDIF out

Front output Side Center Back MicIn LineIn
/Headphone surround  subwoofer surround  jack jack
jack output output output




Microphones and loundspeakers

A microphone, colloquially nicknamed mic or mike is a
transducer that converts sound into an electrical signal.

A loudspeaker (or loud-speaker or speaker) is an electro
acoustic transducer; which converts an electrical audio signal
Into a corresponding sound.



Descriptive Unit

Sub-Woofer
Bass
Mid-Range

Tweeter

Frequency Range

10Hz to 100Hz
20Hz to 3kHz

1kHz to 10kHz
3kHz to 30kHz



AvaAoyYIKA KAl Yn@IOKA ofJoTa

analog signal

digital signal
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Sound

In physics, sound is a vibration that propagates as a typically
audible mechanical wave of pressure and displacement, through

a medium such as air or water.
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Decibel in acoustics

The decibel in acoustics is a unit of sound pressure level. The
reference pressure for sound in air is set at the typical threshold of
perception of an average human.

L, = 20logy (p““‘ ) dB,
FPref

where p.. is the root mean square of the measured sound
pressure in pascals (Nt/m?) and p,.s is the standard reference
sound pressure of 20 micropascal in air or 1 micropascal in water.

[ 1 T _
Jrms = “"III T, — T, \/i; [f{t}]z dt,
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Analog-to-digital converter (ADC)

‘Evag analog-to-digital converter (ADC, A/D) givai pia povada trou
UETATPETTEI EVA OUVEXEC QUOIKO MEYEBOC (ouvrnBwce TAaon) o€ €va
OUadIKO apIBUO TTOU TTAPICTAVEI TO TTAATOC TOU.

H perarpott) mrepiAauBavel KBavTiopod Tou ofuartog €lcodou. Mg
QUTI TOV TPOTIO EICAYETAI £va MUIKPO O@AAPA. AvTi va kavel pia
atmmAl perarpotry évag ADC ouvBwg kKavel Tnv METATPOTIN
("samples" the input) TrepIodIKA. To aTroTéAecpa  €ival  va
LMETATPETTETAI €VA AVAAOYIKO COrNuUa TO OTIOIO €ival OUVEXEC OTOV
XPOVO O€ £va ONUA TO OTT0IO gival dIAKPITO OTOV XPOVO.



A ampitude

Signal sampled

/— Input signal by SH

Quantizer > output

L_"—', ADC

clock

A ampitude
100 4 Sequence of numbers
from quantizer

.Allbb' :ne

L sampiing period
or

sampling interval

> (... 0, 0, +15 +60, +85, +72, 428, -17, -30, -21, -8, -1, ...}
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Analog to Digital Conversion 11 7 —
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Shannon-Nyquist Theorem

If a function x(t) contains no frequencies higher than B Hz, it
is completely determined by giving its ordinates at a series of
points spaced 1/(2B) seconds apart.

A sufficient sample-rate is therefore 2B samples/second, or
anything larger. Equivalently, for a given sample rate fs,
perfect reconstruction is guaranteed possible for a bandlimit
B < 1s/2.



Digital-to-analog converter (DAC)

O digital-to-analog converter (DAC, D/A, D-to-A) cival éva
oUOTNUA TIOU METATPETTEl YN@IaKA dedoucva (ouvnBwg
duadikd) o€ avaAoylikO ornua. AvTiOeTa peE Ta avaAoyikda
onuata Ta ynoelaka dedopEva ptropouv va petadobouv, va
XEIpIoBouv kKal va amoBnkeuBouv e€UKOAQ KAl XWPIC
Tapapopewoelc. Xpeialetar opwg €vag DAC yia va
METATPEWEI TO WNIAKO ONUa O€  avaAoyiko yia va
XpnoipgotroinBei oav €i00d0¢ O€ OKOUCTIKA 1 O€ EVIOXUTN

NXou.



Digital to analog conversion

Re-constructed
Analogue
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Analog Example: 1. The Acoustic Spectrum
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HD Audio

High Definition Audio (HD Audio) is a specification for the
audio sub-system of PC. specification that defines the
architecture, link frame format, and programming interfaces
used by the controller on the PCI bus and by the codec on the
other side of the link.

Implementations of the host controller are available from at
least Intel, Nvidia, and AMD.

Sample resolution of 8—32 bit
Sample rate of 6-192 kHz



PAocpa aKOUOTIKWY OUXVOTATWY TIOU XPNOIUOTIOIET TO
KAQOIKO TNAEPWVIKO dikTuo Kal To HD Audio

HD Audio
5 Old Phones 5
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~ Voice
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TUTTOTTOINOEIC YIA YNQPIaKK JETAdOON X0V

Codec Sample Rate Frequency Bit Rate Latency
GSM-HR 8 kHz 300 - 3,400 Hz 5.6 kbps 25 ms
G.729 8 kHz 300 - 3,400 Hz 8 kbps 15 ms
G.711 8 kHz 300 - 3,400 Hz 64 kbps 0 ms
G.722 16 kHz 50 - 7,000 Hz 64 kbps 4 ms




TeXVIKEG £10000U/eEOO0U dedopEVWY oToug HIY

a) Me xpnion tng TexVIkNS polling.

B) ue TNV Xprion onuUAaTwy dIAKOTING.

Y) M€ TNV Xprjon TnG Texviknc DMA (direct memory
access).

0) Me xprion I/O processor.



Eico00¢/€€000¢ OEOOUEVWYV O€E UTTOAOYIOCTH
ME TNV TEXVIKNA polling

Me tnv péBodo polling o emmecepyacTnc apxicel Tnv dladikaaoia
£I0000u/ecOdou eceTaloviag €Av n povada e100d0u/e€Od0U
givar £rolun va oTeilel 1} va AaBel dedouéva. Eav n yovada eivai
ETOIUN METOAPEPETAI Pia PovAda OEQOUEVWV TT.X. Eva byte atro
| TTPOG KATIOIOV KATAXWPENTH TOU £TTECEPYQOT. EAvV N pyovada
/O dev civar éroiun o TTECEPYAOTHC OEV XPeIAleTal va EICENDEI
ot BPOyxo avapovnS aAAd eKTEAEI AAAEC epyaaieC Kal EAEYXEI
€AV N pMovada eloodou/ecodou cival €toiun apyorepa. H
£i0000¢/£€000¢ dedONEVWY PE TNV MEBODO polling Asitoupyei
OWOTA €QPOCOV O ETTECEPYAOTAGC EAEYXEI TNV Povada €10000u/
€COO0OU QPKETA OUXVA WOTE VO JNV  UTTAPXEl ATTWAEIA
OEOOUEVWV.



Hardware Interrupts

Ta hardware interrupts (oqpaTa OIOKOTIAG) €ival orjuaTa EAEyXOU
Twv CPU Twv oT1oiwv n evepyoTroinon OIOKOTITEI TNV EKTEAEON
TOU TIPOYPAMMATOGC TIOU EKTEAEITAI EKEIVN TNV OTIYUN Kal
TTPOKAAEI TNV EKTEAEON €VOG "interrupt service" TTpoypAuUATOC.
Metd 10 TTEPOC TOu interrupt service Trpoypdupartoc n CPU
ouveyiel TNV €KTEAECN TOU TIPOYPAUMATOG TOU OTIOIOU N
eEKTEAEON OIOKOTINKE aTTO TO interrupt. 2uvRBwg TO Onuara
OIOKOTING TTPoEPXovTal aTTo povadeg |I/O.



Eicod0¢g/é§000¢ OEdOEVWYV HE XPAOT ONHATWY OIAKOTTHG

2TNV Ol1adIKaoia &€I0000U OEOOUEVWY UE XPNON ONUATWYV
dlakorTi¢ 10 TrEPIPEPEIOKO /O egivar autd T1Tou apyilel TNV
dladikaoia €l00dou oTéAvovTag €va onua diakoTtc otnv CPU.
Ortav 10 onjua diakoti¢ An@Bei atmmd tnv CPU, trpoodiopileTal
TO TrEPIPEPEIOKO I/O TTOU TTPOKAAECE TO ONMA OIAKOTTAG KAl
EKKIVEI N KATAAANAN pouTiva €CUTTNPETNONG.

Na v €&6odo Odecdousvwyv n CPU kavel tnv €évapén T1ng
dladikaoiag €COOOU KOl  OTNV  OUVEXEID €KTEAEI  KATTOIO
TTpoypapua. Me 10 TépAc TNG OladIKOoiag £€0dou AAuPAVEI
orua dIaKOTTAG YIa va oAokAnpwaoel Tnv diadikaoia e¢6d0u.



-X86 interrupt priority

Reset
Higher priority> CPU internal interrupts and exceptions

Non maskable Interrupt (NMI)
External hardware interrupts

Lower priority—> Software Interrupts (EvToAEG INT)



Interrupt Hardware Tou PC

IRQs

Master
PIC X386

Legacy PC Design
(for single-proc
systems) f
Ethernet » Slave
1 PIC
SCSI Disk | (8259)
Real-Time Clock >

Keyboard Controller

(8259) % | CPU

UL

Programmable Interval-Timer

« |/O devices have (unique or shared) Interrupt Request Lines

(IRQs)

« |RQs are mapped by special hardware to interrupt vectors, and

passed to the CPU

« This hardware is called a Programmable Interrupt Controller

(PIC)



/O ye DMA (Direct Memory Access)

O1 texvikéc I/O pe TV pEBOdO polling kKal ye xprion interrupts
EXOUV TO MEIOVEKTAMO TNG MIKPNG TAXUTNTAGC METAPOPAGC
0edouévwy, OANG kal TNV evaoxoAnon ¢ CPU pe TIC
dladikacieg 1/O. TNa tnv peTagopd peyadAwv block dedopévwyv
XPNOIMOTIOIEITAI  MIa  TTIO0  ATTO0O0TIK]  HEBODOC  PETAPOPAG
oedouévwy n DMA (Direct Memory Access). H texvikry auTr] dev
aTTaITEN TNV €KTEAEON peyAAou apiBuou evioAwv /O atrd tnv
CPU. Atraiteital Opwe n utrapgn €vog €tmi TTAéov module 10
DMA controller. O DMA controller ptropei kai TTaipvel Tov EAeyXo
TOU OIQUAOU TOU CUOCTNMATOG KOl MPETAPEPEI ATTOOOTIKA block
OeQOMEVWV METAEU HOVAOWYV €10000U/ECOO0U Kal TNG KUPIOG

HVAUNG.



Metag@opd dedopévwy pe xprpon tng CPU kai ye DMA

From Computer Desktop Encyclopedia
= 1998 The Computer Language Co. Inc.




2vuotnua H/Y ye DMA controller

Other control
ReadWrite' _
DataReady’

memory




Metagopda dedopévwy pe Tov DMA controller

Data bus

8237 DMA Main Disk
memory controller

Control bus (IOR, IOW, MEMR, MEMW)

DACK = DMA acknowledge
DREQ = DMA request
HLDA = HOLD acknowledge
HRQ = HOLD request




DMA

@/ Drive
1.CPU

programs DMA Disk Main
the DMA  controller controller memory
controller

Interrupt when 2. DMA requests
done transfer to memory 3. Data transferred




2T KUKAwJATa 1ToU OidoVTal OTNV OUVEXEID QAVAPEPATE TNV
£€000 TOUC YIa OIAKOTITN AVOIKTO Kal OIaKOTITN KAEIOTO.

FiiY

J...

» {=> To microcontroller pin

— Flg. 1

{>> To microcontroller pin

] Full-cavn




8.2. 2xedidoTe pe LED kUkAwpa €vdeigns Tou 0 kal Tou 1 o€ Jia
aKida £€000U €VOC MIKPOUTTOAOYIOTH | MIKPOEAEYKTTH).

Vin R1

AN ——
33012




‘Eotw V=3 V. Na uttoAoyio0¢ei n £€¢0d0¢ Tou.

111 ; —

110 -

101 _

100 —

011 —

AD CCode

010 -

001 —

000 | | |
0.25 0.5 0.75 1.0

(Vvln - VRefLo)/EFSR
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8.4. Y1mrohoyioTte Tnv €000 Tou DAC 110U didETAI OTNV CUVEXEIQ
via Vref=5V D3=0 D2=1, D1=0, DO=1.

— o )
i ] Vo
— )2 A  E—
— [0 C

3 D2 { -
Vo = Vref| D. + D__,_ ﬂ_,_ ﬁ) or Vo = Freftgj = Vref {Ej
24 8 16 2" 16

where D= decimal value of the digital input.



8.5. 'Eotw om &va mAnkTpoAdyio H/Y TtrpEtrel va ecetadeTal
TouAaxiotov 10 QopEC TO OEUTEPOAETTTO VIO va gival BERalo
OTI 0ev Ba xaBouv TTANKTPIOHOI Tou XpNoTn. YTTo0BEoTe OTI
KaBe 1E€TOoIa £€€Taon Olapkei 1000 KUKAOUC wpoAoyiou Kal
OTI N ouxXvoTnTa AgIToupyiag Tou etrecepyaoTn civar 1 GHz,
[Tlolo €ival TO TTOOOOTO XPOVOU TToU OATTavaTtal aTrdé TNV
CPU yia 1o “polling” Tou TTANKTPOAOYIOU.



8.6. Aoopuévog emrecepyaoTnc xpeialetalr 1000 KUKAoOUG yia va
KAVEl JETAPOPA ATTO TO TPEXOV TTPOYPAMMA OTO interrupt
handling Trpoypaupa kail 1000 KUKAOUG yia TNV ETTIOTPOPN
OTO TPEXOV TTPOYPAupa. Mia povada eicddou/egddou (1/0)
oTéAvel otnv CPU 150 ofuata dIakoTTAG TO OEUTEPOAETTTO
KAl N pouTiva €CUTTNPETNONG TOU ONMUATOC OIAKOTIAG
Olapkei 10000 kUkAoug atrd TNV €vapcry TNG MEXP! TO
mépag  tG. [lloéoor kukAhor CPU  damravwvralr  ava
QEUTEPOAETTTO YIa TNV €EUTTNPETNON TNG Movadag 1/O.



8.7. 'Eotw ouoTtnua H/Y 110U dI10BETEl ETTECEPYQOTA UE OCUXVOTNTA
Aeitoupyiag 200 MHz. "Eva trepipepelako /0O petapepel kGBe
deutepOAeTTo 2000 avecapTnTa PTTAOK OEQONEVWY HEYEBOUG
4 KB. lN'a v peta@opa deDOUEVWYV XPNOIKOTIOIEITAI EAEYKTNC
DMA. '/Eotw O11 n apxikoTtroinon TG METAQOPAS OEDOPEVWV
dlapkei 1000 KUKAOUG Kal N €CuUTTNPETNON TOU OrUATOC
OIOKOTING TToU OEiXVEl TO TEAOG TNG peTa@opas 1500 KUKAOUG.
[1600 TNG €KATO TOU DEUTEPOAETTTO dpaaTnplo-Troicital n CPU
YIQ TNV JETAPOPA DEDOUEVWIV.



Kata tnv dladikagia ekTEAEONC WETAPOPAC dedouEvwy pE DMA n
CPU apxikotroiei tov DMA controller yia tnv peTagopd Twv
OedopEVWY, eV OTAV EKTEAEITAI N METAPOPA TWV OEDOUEVWV
UTTOPEl  Kal KAvel AAAeC epyacoiec. Emopévwe datravwvral
2000x(1000+1500)=5x10° kUkAoI ava sec yia Tnv Odiadikagia
£10000U/eCOO0U. E(OOOV 0 ETTECEPYAOTHC AEITOUPYEI HE CUXVOTNTA
200 MHz kdBe OeutepoAettto TrepIAauBavel 200x10° kUkAoug
wpoAoyiou. ETToNEVWGS

amd Toug 200x10° kUkAoug 5x10°kUkAor datravwvTal yia I/0
100 X

YIQ TNV HETAPOPA DEDOUEVWV.



