MIKpOUTTOAOYIOTEG



MAoyika cuppoAa Twv CPU, RAM, ROM kai /O module
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Alaouvdeon Twv Bacikwy govadwyv Twv H/Y peéow dilauAwy
YIQ TOV OXNMUATIOPO EVOG MIKPOUTTOAOYIOTIKOU CUCTANATOC
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IBM PC




Motherboard XT
EPROM
(BIOS)
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Motherboard XT
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Alaypappa Babuidwv Tou IBM PC

Exparzion slots

~ "

-

3088 CFU RAM
I
latcheabuffers
3 yatern boz
BIOS RCM 8254 Tirer 8259 PIC 5257 DMA COn hoard IfO)

PIC: Programmable Interrupt controller

DMA: Direct Memory Access




Motherboard AT
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Alaypappa BaBuidwyv Tou IBM AT

B0286 CPU Expanzion zlotz
|
latcheabuffers
RAM
| RTC
168 bit convert
{ Syztern bus
BICS ROM §254 Tirner 8259 PIC (x2) 8257 DMA (x2) On board IO

RTC: Real time clock




Aiaypappua Baduidwv PC Baoiopévou otov 80386

Expanzion zlotz

') . ' . ™

80386 CFU RaM

Local busz 154 T34 bus

Bridge

Chipzet BIOS ROM Cn board 170




Apxitektovik) PC Baoiouévou
oToV €TTECEPYAOTH) Pentium

Pentivm CFPU
northbndge EaM
ATAD
| ATA]
zonthbndge
PCI Slotz
Super 10 BICS ROM
154 Slots

Floppy Farallel
sena  Fafl



Apxitektovik) PC Baoliouévou

oTov emrecepyaoTr) Pentium I, ..

AGP: Acceralated Graphics
Port

SPD: Serial Presence
Detect

SM: System Management

LPC: Low Pin Count

Pentinm O ZFUJ

AGE Slot

northbridee RAM
SFD

Shibuz

USE ATAD

zouthbridge

DI Slotz

LFZbnz

Super IO BEICS RO

Floppy TParallel
Serdal P37



Motherboard pe CPU Core 2 Duo/Quad
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Alaypappa BaBuidwyv
motherboard

Video card

PCI slots
PCI Express x1
slots
USB Ports

North Bridge
i
‘!

AGP or :
PCI Express
X16

Memory Bus RAM memory

PATA and/or SATA

4 ard Disk Drives

FWB286G1BA
= 1371 W83
ESLGPN

INTEL®® '00
TAEWAN -

+ Serial ports
/| « Parallel Port
_d E /| «Floppy disk drive

Battery  pgjos Super 1/O




i5/i

i3/

Motherboard core

»| WE e

HDMI/DVI

DualBIOS

—n@ GIGABYTE .
GA-Z77-DS3H

i

LESES St c



Alaypappa BaBuidwv motherboard i3/i5/i7

1x16 lane - PCl Express* 3.0
2x8 lanes - PCl Express* 3.0

1x8 & 1x4 lanes -
PCl Express* 3.0 +
1x4 lanes for Thunderbolt™

3 Independent
Display Support

4xUSB 3.0Ports;
10x USB 2.0 Ports;
Dual EHCI; USB Port Disable

Intel® Integrated
10/100/1000 MAC

Intel® Gigabit LAN Connect

FDI : Flexible Display Interface

DDR3
up to 1600 MHz

DDR3
up to 1600 MHz

Processor
Graphics
Intel®High
Definition Audio

8 PCl Express* 2.0

6 Serial ATA Ports; eSATA;
Port Disable

Intel® Rapid Storage
Technology

Responsiveness
Technologies**

=

Intel® ME 8.x Firmware
and BIOS Support

Intel® Extreme Tuning
Support

DMI: Direct Media Interface



Alaypappa BaBuidwv motherboard i7

DDR3 memaory 8.5 Gb/s
Intel* Core™ i7 Processor
DDR3 memory 8.5 CGb/s

PCl Express® 2.0 Graphics

Support far
Multi-card configurations:
1x16, 2x16, 4x8 or

other combination D

12 Hi-5paed USB 2.0 Ports;
Dual EHCI; USE Port Disable

Intel*High
Dafinition Audio
6 Serial ATA Ports; eSATA;
Port Disable

Intel® Matrix
Storage Technology

Intel® Turbo Memory
with User Pinning

6 PCl Express” x1

Intel® Integrated
10/100/1000 MAC

Intel” Gigabit LAN Connect BIOS Support
Intel® Extreme Tuning
Support

Intel® X58 Express Chipset Block Diag




2uyxpovo motherboard
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DDR4 (1.2V)
8th Gen 2666

| Intel® Core™

Processor DDR3L (1.35V) 1600

3 DDI (DP, HDMI)

" x16 PCl Express 3.0

Intel® LAN PHY

——  Native USB 3.1

PCI Express 3.0 | Intel® H370 NV WIFL MAC
_ _ |
= i Chipset

USB 3.0/2.0

SATA 3.0

Enhanced SPI ° HD Audio

SPI | SMBus
LPC




2UVOETNPEC ouyxpovou motherboard




AiauAol

2Ta oucoTtiuata H/Y T1a d1dgopa UTTOOUCTAMOTO TIPETTEl va
ETTIKOIVWVOUV HETACU TOUG. AUTO ETTITUYXAVETAI HECW DIAUAWV.

O diauAog (bus) gival Evag KoIvO¢ OpOUOC ETTIKOIVWVIAG O OTT0IOG
ATTOTEAEITAI ATTO €va OUVOAO OUPPATWY Kal ouvdEéel TTOAAG
uttoouoTtriipata. O 6po¢ diauAog dev KOAUTITEI UOVO TOV QUOIKO
TPOT1TO dIA0UVOEONG TWV UTTOCUCTNMATWY, AAAG KAl TOUG KAVOVES
yia TNV avioAAaynl Twv ONUATWY PETACU TWV UTTOCUOTNUATWYV
TTOU ouvO£ovTal HEOW aUTOU.

2.€ €va ouyxpovo cuotnua H/Y dlakpivouue processor-memory
buses, system (expansion) buses kai I/O buses.



2uyxpovol AiauAol

O1 ouyxpovor diauAor €ival diaulol TToU €XOUV EVOWMOTWHEVO
ofua Tou wpoAoyiou (clock). O1 didpopec AsiToupyieg ekTeEAOUVTQI
OE OUYKEKPIMEVOUG KUKAOUG TOU ONPOTOC WpPOAoyiou  Kail
oUppwva Pe pia kaBopiopevn ocipd. O ouyxpovol diaulol gival
KatdAAnAol yia cuotiuata H/Y pe pikpo apiOud utTogovadwy TTou
ETTIKOIVWVOUV O€ TTOAU PIKPEG ATTOOTACEIC.



AiauAog PCI

O OdiauAog¢ PCI (Peripheral Component Interconnect) eival pia
TUTTOTTOINONG OIQUAOU CUOTHAMATOC TIOU TTPOTABNKE aTTd TNV
etaipeia Intel. To eupog Tou diavhou PCI civar 32 | 64 bit. H
ouxvotTnTta Tou wpoAoyiou Tou gival 33 1 66 MHz. lNa diauho PCI
ue 32 bit kal ouxvortnta 33 MHz n pEyioTn TAXUTNTA METAPOPAC
dedopevwy eival 133 Mbps. O diaulog PCI gival avegapTntog atro
TOV TUTTO TOU ETTECEPYAOTH TOU OUCTAMATOG KOl XPNOIUOTIOIEITAI KAl
o€ AAAa ouoTApaTta ekToC Twv PC.



Aiaulol PCI
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AiauAog PCle

O diauAo¢ PCIl-Express 1 PCle trapoucidotnke atmmd TV eTalpEia
Intel yia va avTikaraotioel Toug diauAoug PCI kai AGP.

2.€ ouykpion e Tov diauAo PCI, o diauhog PCle dev cival €va koivo
ouoTtnua OlauAou, aAAG OUVOAO XWPIOTWV OCEIPIaKWY aTTEUBEIag
OUVOEOEWYV TTOU ovopadovTal rapodol (lanes).



YTrapyxouv ol eTTopeveG TTapaAlayec Tou diaulou PCle.

PCle x1 — xpnoiuyoTrolgi pyia TTadpodo

PCle x4 — xpnoiyoTrolEi TEOOEPIC TTAPODdOUC
PCle x8 — xpnoiuyoTtrolei dEKa OKTW TTaPOdOUC
PCle x16 — xpnoiuoTtrolei deKAEC! TTapOdoUC

2UvnNlwce xpnoipotroicital o TUTTOC PClex1 w¢ avrl-
Kataotatng tou TraAaidtepou PCI, evw yia TIC KAPTEC
Ypagikwy  Xpnoigotroleital o TUmmog  PClex16  wg
QAVTIKATAOTATNG TOU TTaAaioTepou AGP.



Aiauloil PCle




Aiauloil PCI kai PCle
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Lanes

KaBe tTapodocg Twv diauAwyv PCle atroteAgital atmmd Eéva (euyog
AYWYWYV YIA TV EKTTOPTIN KAl Eva OeUTEPO (EUYOC AywywyV yia
TNV Aqwn Twv 0edopEVWY. H n ,eTddoaon €iavi o€IpIoKn.

H ouvdeon MEOW TTAPOOWY TWV KUPIWV OAOKANPWHEVWV
KUKAWUATWY KAl TWV TTPOCOETWY £COpTNUATWY YivVETAl UE TNV
BonBcia nAekTpovikou ueraywyéa. MNa tnv KwdIKOTToinon Twv
OEOONEVWY OTIG TTAPOOOUG epapuoleTal 0 kwoikac 8B108.



PCle Lanes

LSy R

£h

Wire
Signal
Lane
Link



Metadoon dedopévwy otoug diauAoug PCle

GigoBlaze 2.5 Gbit/sec Transceivers

EE— Ghit/sec

Lane O At lane O

Lane 1.5




Metadoon oeipdg byte og diauAo PClex1 kai PClex4

Byte Stream

{conceptual}

x1PCle Lane0 x4 PCle Lane0 Lane 1 Lane 2 Lane 3



Mopteg emikoIvwyviag Tou PC

Audeo Jacks / VIAVTIB12A 2
PS/2 Mouse Parallel Port Dual 10/100 Channel
—:;rtnl_‘rj\:‘)r tharnot C" : 7 Cu\.:--
'\‘ . th » A 9 ocer

VGA Display COM Port USB Ports
Connector




Mopteg emikoIvwyviag Tou PC
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Tpotrol peradoong SedOUEVWV

Data transmission




2 £1P1OKNA KAl TTOPAAANAN Parallel interface example
|.|£Td600' n Feceiving side Transmitting side

D7 MRy

D6 D6

Bl Bls)

D4 04

03 03

D2 D2

5 D

Il mo= E Il

Serial interface example (MSB first)
Fecewing _ _ ~ Transmitting
side LM=B) L LsB) sid e

t:u_?-'" D D5 D4 03 02 01 0O
O .9 1 1 00011 pp




NMapdAAnAn TépTa

STROBE
Do

D1

D2

D3

D4

D5

D&

D7

ACK
BUSY
Paper Out
Select

14
15
16
17
18
19
20
21
22
23
24
25

-

——

——

e T

Line Feed
Error

RESET

Select Printer
GMND

GMND

GMND

GMND

GMND

GMND

GND
GND




Kwdikag ASCII

MM O M I o= O h I k= O

0
MUL

SOH
STH
ETX
EQT
ENQ
ACK
BEL
BS
HT
LF
YT
FF
CR

=0
=]

1

DLE |zpace

ey
RN

Oz

Dnz5
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Cnz4
A
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Asynchronous Transmission

Direction of flow
_—

Stop bit Start bit

Data
i 11111011 Oﬁ

01101)0 l111110110 l000101110 |

|

Gaps between
data units




Oupa COM1

Pin 3

Transmit

Pin 2

Receive Data
Pin 1 (RXD)
Data Carrier
Detect (DCD)
(not used)

Fin B
Data Set
Ready (DSR])

(ot used)
Pin7
Request to
Send (RTS)

Data (TXD)

Pin 4

Data Terminal
Ready (DTR])
(not usad)

Fin s
Ground

FPin 3
Ringing Indicatar (Rl)
(not used)

Pin B

Clear to Send

(CTS)




Kwodikotroinon Twv 0 ka1 1 oto RS-232
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RS-232 Example Transmission

Configuration: 8 — O — 1 (8 data bits, Odd Parity, 1 Stop Bit)

ASCIl code for “V": Ox56 (01010110b)

Ill

|||||||||||| |||-¥

= e

io w == v =

- o $¥3®%% g D

+ M m 1
wn



Synchronous Transmission

Sender

Direction of flow

Frame

Frame

110111

11111011

11110110

1111011

11114

Receiver



NMoépta Ethernet yia kaAwdia cuveoTpappévwy {euywyv UTP




ATtroAngeig kaAwdiou Ethernet

Receive +

Fin 2:
Tranzmit -

Fin 1:
Transrmit +

Fin A

Fin &:
F=|:!I'_i|;!il,_||:g -

Fin 7
FIEII:IE e

Fin &




f

Ethernet Frame Structure

« Sending adapter encapsulates |IP datagram (or
other network layer protocol packet) in Ethernet

frame

Preamble

" Dest.
Address

Source
Add" eS8
Type

Preamble: 8 bytes

« 7 bytes with pattern 10101010 followed by one
byte with pattern 10101011

« Used to synchronize receiver, sender clock rates
(Manchester encoding)

19

>4




OUpeg USB

U s B Standard B
Standard A + D-
- D+ D- + L2




OUpeg USB 3.x

USB 3.0 lines




OUpeg USB 3.x

StdB_SSTX+ StdB_SSRX-
StdB_SSTX- StdB_SSRX+

8
StdA_SSTX-
R ——




USB packets

Token
(1sk) (msh)
Field FID ADDR EMNDP CRCS
Bits 8 T 4 5
L

Status (Handshake)

(lsb)  (mshb)

Field FID

Bits 8

Data
(lsb) (msb}
Field PID DATA || CRC1&
Bits 8 0-8192 || 16
I S
Start of frame (SoF)*
(1sb) (msh)
Field FID FrameMumber CRCS
Bits a8 11 5

X

Strictly speaking,

Not actually a separate type, butis a broadcast



H emkoivwvia otov diauho USB €ival ouyxpovn kai yivetal e
TNV XPNOoN TTOKETWV €AEYXOU Kal TTAKETWV OEDOUEVWYV. 2TNV
ouvexela dideTal n doun Twv makéTwyv dsdouévwy Tou USB.

(PID : Packet Identification)

(msb)




USB Status packet

At = e =2 83 ns AV =3V

Voltage signal inw
the differential pair Dmﬁ/_/\/__

Differential decoding K /) K J K ] KIK|] ] KK K ] ] K 0 0]
NRZ| decoding 01/ 0/1/1 010

Start of packet Packet ID End
Packet format Iclncl-::psync (LSB first, 1010 = NAK)| of packet




USB transactions

HANDSHAKE
PACKET

£—— Ona OUT Transaction ——>

HANDSHAKE
PACKET

Payload
Data

— (Omne IN Transaction —MM




Single-Ended transmission

VEIQ nal

g referenced to
signal ground



Single-ended transmission uses

RS-232 serial communications

PS/2 mouse and keyboard connectors

|>C serial bus

TTL circuits

CMOS logic circuits

Parallel computer buses, such as PCI

VGA video connectors

SCSIl interfaces for hard drives and other peripherals
Parallel ATA interfaces for hard drives and other peripherals



Differential transmission

N : 4A Vou=V,-V.

VSngnaI Veu=|(V,+V.)/2|

Vew=Common-mode voltage
Vpm=Differential-mode voltage




Differential transmission uses

PCI Express

SATA

USB

DVI

HDMI

Display port

RS485

RS422

Ethernet over twisted pair
High-quality balanced audio



Single-ended and differential signaling

Single-ended

Vew=Common-mode voltage
Vou=Differential-mode voltage




Noise and differential signaling

| //
A
Sender f % Receiver




elementiu

4 xUSB 2
Ports

Ras berr?' [ [ ——

Od e B 85.6mm x 56mm x 21mm

Ext 4?Ie':imGPlC)
o atlh Vel 10/100
Broadcom ap I ' - /.LAN Port
BCM2837 64bit o VRN 0
Quad Core CPU . ap T L .
at 1.2GHz,
1GB RAM
» 3.5mm 4-pole
On Board Q/' Com oslpo Video
Bluetooth 4.1 and Audio
Wi-Fi Output Jack
MicroSD CSI| Camera Port
Card Slot

Full Size HDMI
Video Output

Micro USB Power Input.
DSI Display Port Upgraded switched
ower source that can
andle up to 2.5 Amps




Smartphone hardware architecture

MOOC on M4D 201




ApxiTekTovikil smartphone

LCD . -
- SD Card
NCTreen

Cellular Bascband

1LOM RAMN

Cellular
RF
Transceiver




ApXiTeKTOVIK smartphone

Trace &

Debug Port

nt

Timers

Boot
ROM

CoreSight Trace and Debug Tech

Cortax-A%
CPU

MIB| HDM!

Cortex-

M1 CFU
Bluetoor!

LCD Video

interface

ARM%68
cru

Wifi 802.11

NICI01 AMBA AX| Interconnect

SCIN
cPU
SORAM

Controller

eMMC
MMC 5D

AT Applications
o Processor

anv’

LP-DDR2
PHY

Management &

Touch Screen

ARM Prrysical IP

ARM synthesizable 1P

krpiernented in 28 or J2nm stondond




1.1. 210 motherboard 1Tou dideTOI OTNV CUVEXEIQ:

a) Evrotriote TNV B€0N TOU £TTECEPYAOTH], TNG KUPIAG UVAUNG,
Tou chipset, Twv dlauAwyv etréktaong PCI, PCl-ex16,
PCl-ex1.

B) EvrotrioTe TNV 6€0Nn TNG TPOPOdOTIAC PE TAON.

Y) EvToTtrioTe TV BOpEIa KAl TNV VOTIA YEPUPA.

0) EvrotrioTe TI¢ OUpec PATA kai SATA.
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2.2. 210 motherboard 1Tou dideTaI OTNV CUVEXEID

a) EvrotrioTe TNV B€0N TOU ETTECEPYQOTN KAI TNG KUPIAG
HvAUNG.

B) EvrotrioTe TNV B€0n TWV dIaUAwv etTékTaoncg PCl,
PCl-ex16, PCl-ex1.

Y) EvroTtrioTe TV B€0N TNG TpOoPodoaiag ue Taon.

0) EvroTtTioTe TO chipset.

) EvrotrioTe 11 BUpeg SATA.

oT) EvToTtrioTe TO onueio TTou ocuvdEovTal Ta KAAWDIA
EVOEICEWV Kal EAEYXOU TOU KOUTIOU.
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2.3. 210 TMAMA Tou motherboard 1Tou dideTal 0TV OUVEXEID
ONMEIWOTE TOV TUTTO KABE diauAou.
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2.4. Ti €idouc diauAo XpNOIUOTTIOIEI N KAPTA ETTEKTAONG TTOU didETAl
OTNV OUVEXEIQ.

{H‘

- PCle-424 ii

¥
§
Eq
i

’o\ lmmnl-mmmmumnmm,
2 28,3




2.5. 270 OXNMQ TTOU DIOETAI OTNV CUVEXEIQ ONMUEIWOTE TO €iD0C
KABe 1TOpTAC.




2.6. Na 606¢i n kwdikoTtroinon Tou xapakTriipa V tou kwdika ASCII o¢
TTL ka1 RS-232 yia Tnv acuyxpovn JETAdOOT) TOU.

V=0x56=0001010110

RS-232 Example Transmission

Configuration: 8 — O — 1 (8 data bits, Odd Parity, 1 Stop Bit)
ASCII code for “V': 0x56 (01010110b)

HI -

1 1 1 1 I 1

. IDLE ISTART: LSB | I MsSB |PARIT‘|’: STOP | IDLE |

1 1 1 1 I 1
L 1 !

LO

+15V—

SPACE
+5V —
+3V—
ov

-3V
-5V

MARK

-15V



2.7. 210 Ethernet frame 10U didETOI OTNV CUVEXEIQ ONUEIWOTE TO
TMAMO ATTO TO OTTOIO YiVETAI O GUYXPOVIOUOC.

2 octets 46-1500 octets 4 octets

8 octets 6 octets b octets
p bl Destination Source
reambie |\ pmacC address | MAC address

%

IP Datagram

,
i
L %
# &
L 4
¢ N



