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Ponovitev

Prejsnje poglavje — Uvod v OR in digitalna vezja:
Join at

slido.com

m  Splosni pojmi
m Zgradba in organizacija raCunalnika
1 Funkcijske enote kot osnovni gradniki rac.
0 Nivojska zgradba rac.
m Racunalnik na nivoju digitalne logike
1 Osnove digitalnih vezij (stikalo, tranzistor)
0 Realizacija logicnih vrat v digitalnih vezjih (NOT,NAND,NOR)

1 Digitalna vezja visoke stopnje integracije — VLSI (razvoj,
postopek izdelave,potencialne tezave)
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Delo, dodatna gradiva

Nacin dela, dodatna gradiva :

m ,No sheeping ', Flipped learning®:
https://www.youtube.com/watch?v=QO0Ovy7|B-P3nk
m Valvano: Embedded Systems - Shape The World
EdX course :
m https://www.edx.org/course/embedded-systems-shape-world-utaustinx-ut-6-03x

m Table of Contents
m http://users.ece.utexas.edu/~valvano/Volume1/E-Book/ ,

Chapter 1: Introduction

Closed caption files: Closed caption sit files
Index: Index of terms and concepts

programs,

o) Chapter 3: Electronics e Chapter 2: Fundamental Concepts
. . . [ ]
o Chapter 4: Digital Logic .
o Chapter 5: Introduction to C . Introduction to C
.. . . e Chapter 6: Microcontroller Ports
o Zanimiva tUdI OStaIa poglaVJa e Chapter 7: Design and Development Process
aﬂ Cour e Chapter 8: Switches and LEDs
€S > How It Works . Schools & Partners o Chapter 9: Arrays and Functional Debugging
out - % e Chapter 10: Finite State Machines
Embed =2 ’ Signin e Chapter 11: UART - The Serial Interface
Worlfi ded Systems - Shape The e Chapter 12: Interrupts
Build e Chapter 13: DAC and Sound
bOttonr:s-al—world embedded solutions using a Starts on January 20, 201 e Chapter 14: ADC and Data Acquisition
hands-;zp,approach from simple to complex in this e Chapter 15: Systems Approach to Game Design
+lab-based course, e Appendix: Reference Material
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2. Osnove digitalnih vezij

Namen in cilji 2. poglavja:

Razumevanje :

m osnovnih pojmov: el. napetost, tok, upornost

m enostavnih tokokrogov: LED dioda, upori, stikalo, tranzistorji
vdd

m osnovnih lastnosti digitalnih vezij Vin 4‘:“ P;:ﬁ

» delovanja (naértovanja) digitalnih vezij :

D
l: N-MOS
S

m razvojnih problemov in tehnoloskih omejitev
m vzrokov za pojav paralelizma .

107 F o 2x* Transl

g ansistors
108 1 ‘AA:“‘ | (thousands)
N ui}“
10° | o oo Single-Thread
«" Performance
10t b (SpecINT x 10%)

oy f‘y"':q-m..-w equency (MHz)

10° 1

. | Typical Power
102 | S ﬁﬁ: ,'W ;vv J‘*x"‘i Tiica)
o'k 4 1 'l :: Number of
L ) o ~‘ Logical Cores
0 - v v v 000.0
0lgt 3. PANOEROAIIPRII. i
L
1970 1980 1 990 2000 201 0 2020

Year
‘Original dataup to he year 2010 collected and pioted by M. Horowitz . Laborte, O. Shacham, K. Olukotun, L. Hammond, and G. Batien
New lotand daa colected fo 20102021 by K upp
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2. Osnove digitalnih vezij
2.1 Prehod iz logiChega modela v digitalna vezja

m Racunalnik je sestavljen iz gradnikov:
Jogiéna vezja“ ,LOGICNI MODEL*

“digitalna vezja“, ,REALIZACIJA"

vcasih: ,preklopna”

Digitalna
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2.1 Prehod iz logiChega modela v digitalna vezja

m Von Neumannov (VN) model:
0 Matematicni, logi¢ni model ra€. (do nivoja log. vrat):
m CPE, pomnilnik, V/I, povezave
m ne predpisuje realizacije, tehnologije Log. vata

m Realizacija VN -> ,digitalna vezja".
1 posebni Cipi VLSI
m (CPE, Pomn., V/I, grafika, zvok, ...)
0 ,mikroprocesorsko lepilo® — standardna digit. vezja

m povezovanje VLSI vezij
s komunikacije (ETH, RS232, ...)
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" M

2.1 Prehod iz logiChega modela v digitalna vezja

m Realizacija VN -> ,digitalna vezja":

1 posebni Cipi VLSI

s (CPE, Pomn., V/I, grafika, zvok, ...)
0 ,mikroprocesorsko lepilo® — standardna digit. vezja

= povezovanje VLSI vezij

s komunikacije (ETH, RS232, ...)

|

R
N

20-pin ATX Power S, RO RN
Connector R R R

CMOS Backup
Battery
CPU Fan & S8t
Heatsink 5

Mounting Connectors For

OR - 2 — Povzetki predavanj

Points Integrated Peripherals

P52 Keyboard and Mouse, Serial Port.
Parallel Port. USB (x6). Ethernet, Audio (x3)

CPU Socket



2.2 Lastnosti digitalnih vezij

m Danes:

1 digitalna vezja so skoraj vsa elektronska
m Prihodnost ?:

1 optika, bioCipi, kvantni rac., ...

J najprej kot manjSa, namenska vezja

Elektronska realizacija digitalnin vezij:
m pomanjkljivosti (tezave)
1 odstopanje od log. ideala 0,1 -> napetostni nivoji
1 tezje naCrtovanje (potrebno znanje, izkusnje)
] poraba, toplota
m prednosti
1 visoka stopnja standardizacije (TTL,CMQOS,...)
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2.2.1 Osnove elektronskih vezi

2.2.1.1 Osnovni pojmi
1 Elektricni tok - I [A]:
- DEF: koliCina el. naboja (obicajni nosilci so elektroni), ki

preteCe v nekem Casu
e 1 Amper := 1A =6.241*10'8 elektronov/sek = 1 Coulomb/sek

e smer. definirana obratno od smeri gibanja elektronov (tok
pozitivhega naboja)

+ \ T1 = Hot temperature
Water | Flow

=k o Ml

T2 =Cold temperature

LTy

Faucet
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2.2.1 Osnove elektronskih vezi
2.2.1.1 Osnovni pojmi
1 Elektricna napetost- U [V]:
- DEF: razlika elektricnih potencialov v dveh toCkah
- »povzrodi el. tok v sklenjenem tokokrogu«

- oznacCena v dveh toCkah s + (visji potencial) in — (nizji
potencial)

+ X T1 =Hot temperature
Water | Flow

8 Ei-IH-

T2 =Cold temperature

-

Fancet
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2.2.1 Osnove elektronskih vezi

2.2.1.1 Osnovni pojmi
1 Elektri¢na upornost - R [Q]:
. ,ovira pretok naboja”
2 vrsti prevodnikov :
e Zica:
e upor (upornik)

Water

zanemarljiva upornost (=0Q))
deklarirana upornost v Q

Flow |

LTy

Faucet

T1 = Hot temperature

o R

T2 =Cold temperature
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© 2025, R.Rozman - FRI



2.2.1.1 Osnovni pojmi

m Ohmov zakon: v
| R
. 1zraza relacijo med napetostjo, tokom in upornostjo
m U, Isorazmerna: U=1R, I=U/R, R=U/l

m Elektricnamoc-P=UI [W]
= P=UI=UYR=I2R

m ElektriCna energija-E=Pt [J=Ws]
m E=Pt=UIt

m Kapaciteta baterije-Q =1t [Ah]
m el. naboj, ki ga baterija zagotovi ob doloCeni napetosti
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2.2.1.2 Osnovna pravila tokokrogov

htt

h://www.falstad.com/circuit/e-resistors.html

1. Elektricni tok tece samo v sklenjenem tokokrogu (zanki)

2. Kirchoffov napetostni zakon (KVL - Kirchoff's Voltage Law)

o DEF: Vsota vse padcev napetosti v zaklju€eni zanki je enaka 0

e Primer:

OR -
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2.2.1.2 Osnovna pravila tokokrogov

3. Kirchoffov tokovni zakon (KCL - Kirchoff's Current Law)
1 DEF: Vsota tokov v vozliSce je enaka vsoti tokov iz vozliS¢a

=12 I3=14 +1I5 I6 + 17 =I8+1%
y Il I3 I I7
+ + + +
V1 % Rl V3i=EPR3 YVo=R6 Vi=R7
= - NodeB - Node(” -
e Noded ode ><
yI2 14 y I3 I8 I9
+ + + + +
V2 % R2 Vd=E4 VA % R3 V8=RS$§ VU= RO
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2.2.1.2 Osnovna pravila tokokrogov

4. Zaporedna vezava upornikov
« enak tok skozi upore

« upornosti in padci napetosti se seStevajo

5. Vzporedna vezava upornikov
« enak padec napetosti na vseh

vl
+
VIi=RI Eauivalent V1
+
6 = R=RI+R2
v TV =ViHv2
VZ% R2

« razlicni tokovi skozi upore
e« 1/R=1R1+1/R2+ ...

Il

Equnalent (=141

+
H  ZR=RI“R(RI+RY)
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2.2.2 Druzine digitalnih vezi

Najbolj znane so tri skupine (druzine):
O TTL vezja (Transistor Transistor Logic)

1 CMOS vezja ( Complementary Metal Oxide
Semiconductor)

"""""

-
-- T~<
D -7 T
== __- ~<
-
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2.2.2.1 Druzina TTL digitalnih vezij

Ve (+5V—logicna- 1]

vhlog.stanje Viner izh.-log.stanjeq Vizhe 51
U p O ra b a baza-emitor= kolektor-emitors
1n 5V(3.3V)u [0]14 ova H
Kolektor-(C)
ox ova 11 5v(3.3v)E |

vh.Iog.stanjeﬂ‘

m enostavni sistemi
m lepilo”

i Vol izh.log.stanjef

Emitor-(E)f a
1

" Baza(B)Y

q GND-(0V —logicna 0}

,C - kolektor

Razvoj
m 1961 ..
1963 ..

Patent (James Buie)
Komercialno IC vezje

/C - kolektor

1
http://www.falstad.com/circuit/e-transswitch.html

1964 ..
1985 ..
2017 ..

94xxx, 74xxx (Texas Instr.)
74A(L)Sxxx
Se vedno na voljo

OR - 2 — Povzetki predavanj

© 2025, R.Rozman - FRI


http://upload.wikimedia.org/wikipedia/commons/a/ac/7400_Circuit.svg
http://www.falstad.com/circuit/e-transswitch.html
http://www.falstad.com/circuit/e-transswitch.html
http://www.falstad.com/circuit/e-transswitch.html

2.2.2.1 Druzina TTL digitalnih vezij - poddruzine

typ
t, [ns]
10 10

74xxx najstarejSa, se ne uporablja ve¢

74Lxxx (Low Power): manjSa poraba, a poCasnejSi

33 1
7T4Hxxx (High Speed): vecja hitrost, vecja poraba 6 29
74Sxxx (Schottky) S-dioda preprecCuje zasiCenje - 3x hitr. od 74xxx, 2x vecja
poraba energije 3 19
(Low Power + Schottky): standard, nadomesti L,H in S serijo. Najbolj
razsirjen. 95 >
7T4Fxxx (Fast) - 1985 3 54
74ASxxx (Advanced Schottky) 17 8
7T4ALSxxx (Advanced Low Power + Schottky) 4 12
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2.2.2.1 Druzina TTL digitalnih vezij REEHLON,

J#PORTUGAL 614DR

Prednosti:

m na zacetku je predstavljala velik napredek

m enostavno nacCrtovanje (meSanje, povezave ena->vec)
m manjsSa obcutljivost na statiCna praznjenja (kot CMOS)

Slabosti:
m statiCna poraba - veCja kot CMOS
m asimetrija upornosti v stanjih — neprimerno za vodila
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2.2.2.1 Druzina TTL digitalnih vezij

Breadoard Computer

Zanimivo:

Warren’s Crazy Small CPU

(c) 2017 Warren Toomey, GPL3

_—., --"? ' 74xxx_Computer project.mp4

https://minnie.tuhs.org/Programs/CrazySmallCPU/index.html
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2.2.2.2 Druzina CMOS digitalnih vezij

Uporaba

m mikroproc., mikrokrmilniki, SRAM
m digitalna vezja

m slikovna tipala

Razvoj .-
m do 1980 .. pocasnejsaod TTL
m 1976-> .. previaduje v razmerju proc. moc/poraba

m 1990+ -> .. najpogostejsa v VLSI vezjih
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2.2.2.2 Druzina CMOS digitalnih vezij - poddruzine

74Cxxx Enak razpored kot TTL 74xxx, nima TTL nivojev!

74HCxxx (High-speed CMOS) hitrost enaka 74LS (TTL), 5xhitrejSa od 74Cxxx 9 0.9

74HCTxxx (zdruzljiva s TTL vezji) 9 0.9

74ACxxx (Advanced ...) hitrost enaka 74AS in 74F (TTL) 3 0.8

7T4ACTxxx (zdruzljiva s TTL) 3 0.8

74AUCXxxx (Advanced Ultra Low Voltage CMOS) 2

ASIC - VLSI 90nm tehnologija, realizacija tranz. na Cipu 0.12
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2.2.2.2 Druzina CMOS digitalnih vezij

Realizacija — negator kot osnovni element

o komplementarni par tranzistorjev (P-MOS in N-MOS):
o Vy=H-> P-MOS..OFF
© Vy=L-> P-MOS..ON

vdd

[

Vin —

\/ss

_|

—

P-MOS

——Vour

N-MOS

N-MOS..ON Vour =L (Vss)
N-MOS..OFF Vg, =H (Vdd)

ouTt IN

GND (Vss) T T VCC (VDD)
. T=1.] "

e

#7 #3 #4

' P-well#2 N-ch
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vdd

AVAN | [] [] [] ([ ]

S

2.2.2.2 Druzina CMOS digitalnih vezij G_JH° pmos
m—

—1D

Tukaj p-tranzistor deluje kot sklenjeno stikalo, V|N | 1 VDUT
Vour medtem ko n-tranzistor deluje kot odprto stikalo G
- —
__ Tukaj pri p-tranzistorju ze narasca upor _

'“*-: d____,--—--""____ prevaja manj toka, medtem ko pri n-tra - N-MO5

— vDD IRV, DR upornost pada in zacne prevajati S

II'1II

Vss

Y— VOHmin \\ A

Tukaj imata p-tranzistor in n-tranzistor enako
_— upornost, zato je na izhedu
napetost, ki je enaka polovici napajalne

VDD/2
Tukaj ima p tranzistor visoko upornost in je
skoraj ne prevaja (stikalo skoraj odprto),
__ medtem ko n/tranzistoju upornost precej pade
- in je stikalo skoraj sklenjeno
Tukaj p-tranzistor deluje kot odprto
stikalo, medtem ko n-tranzistor
- naklon = -1 P e
o VOL max o /" deluje kot sklenjeno stikalo
c \I{
- | r
P i . » VIn
g VIL max VOD/2 VIHmin VDD

'.0" ‘J II1II
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2.2.2.2 Druzina CMOS digitalnih vezij C_4f° pwmos
- 1D
Reset | V|N ' VDUT
o Sarped G—{_ ’ N-MOS
Simulation Speed ] S
‘ CurrentSJpeecl ﬂ VSS
‘ I o

www.indiabix.com

Dinamicna poraba
(tokovne Spice) :
m  zgodijo se ob preklopu
m  prevajata oba tranzistorja

it

This is an inverter with a filter on the input to cause it to change more slowly. It shows that there is 3 spike in
current across the inverter when the input is in transition, causing power consumption whenever the gate
changes state.

http://www.falstad.com/circuit/e-cmosinverterslow.html
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2.2.2.2 Druzina CMOS digitalnih vezij

Evolucija realizacije CMOS tranzistorja :

2D - Planar mo—)

Vrata
) Si-Oksid (Gate)

Vir Ponor
(Source) T \ T T (Drain)
f25231 \
| | I | | ]
| N | Channel N

P

High-k

3D - TriGate

Multiple Dra

Nl

" 1 ati
" .."‘1,1- rains
/ Sources; '
J

Multiple Sources




q _
Realizaciie CMOS tranzistoria :

32 nm Planar Transistors 22 nm Tri-Gate Transistors
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Razvoj tranzistorjev v najsodobnejsih vezjih:
B prehod iz vodoravne (2D) v navpic¢no obliko (3D) -> manjSa povrSina, vecja

gostota !!!

EVOLUTION : The gate controls the flow of current
OF THE FET - Mraugn the channel region.
o———— Drain
&) soce Dielectric planarni 2D (vodoravna lega)
0
Planar FET
Up until about 2011, planar
transistors were the best

Charge can leak through the channel

region and waste power. devices available.

FinFET - Stacked nanosheet FET
Surrounding the channel region on - The gate completely surrounds the
three sides with the gate gives better channel regions to give even better
control and prevents current leakage. - control thmnthe FinFET.

OR - 2 — Povzetki predavanj © 2025,
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2.2.2.2 Druzina CMOS digitalnih vezij

Prednosti:

m majhna statiCna poraba (red velikosti nA)
m odpornost na sum

m omogoca VL3I

Slabosti:
m dinamiCna poraba (preklop-tokovna Spica, frekvenca)
m statiCna poraba (v VLSI — st. tranzistorjev)
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2.2.2.2 Tipicna TTL in CMOS NAND vrata

http://www.falstad.com/circuit/e-ttlnand.html

http://www.falstad.com/circuit/e-cmosnand.html

o o At vdd vdd
.‘ff' {@Pumﬁ;m stion
& SN74LSOON A—ci B_CI
o e i o Aot . _ oout
Ly

Vss
A1 B1 X1 L .
=D =D
O 0 1
o 1 1 TTL MEBEAEGE . CMOS
1 0 1 EIE EIE |
S [ [
OR - 2 — Povzetki predavanj L [2f [ L Lsf Led
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m RS Zapah (”bistab”“): N | IR
(1 asinhronski

60,0 us 500 s 100.0 s 120412495

AAAAAAAAAAAAAAAA

o o o o
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" A
2.2.2.3 Pomnilne celice |

m RS zapah (,bistabil®):
https://g00.gl/8DBez8

m RS zapah in urin signal (nivo):
https://goo.gl/9D36nW
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"
2.2.2.3 Pomnilne celice |l
m Sinhronski RS (D) flip-flop (staticha pomnilna celica) :
12 RS zapaha s protifaznim urinim signalom

(1 primer spodaj reagira ob pozitivni fronti
Signal Na... Signal Value = /™ 20,0 A

0 ]

3

4
1 0
1 0
0 E

,,,,,,,,,,,,,,,,,,,, ~Leoma - Reagira ob pozit.

j‘:::.:::::::::::::::::;;;:::::::::::: fronti CLK
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" A
2.2.2.3 Pomnilne celice Il

m Sinhronski D flip-flop (staticha pomnilna celica) :
2 RS zapaha s protifaznim urinim signalom

primer spodaj reagira ob negativni fronti
https://go0.9l/328pKJ
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= Ponovitev — predmet RA
2.2.2.3 Pomnilne celice SRAM, DRAM

SRAM (Staticni RAM) DRAM (Dinami¢ni RAM)
pomnilniska celica pomnilniska celica
VDD

T3:| | ] 4| |:T4 Naslovna linija (vrstica)

1T Ts 7 N I R
— —— Tranzistor
— — Kondenzator C
Bitna linija (stolpec) GND

Bitna linija 0 Naslovna linija Bitna linija 1

http://www.falstad.com/circuit/e-dram.html
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Zanimivost |EGEGEGS T T
2.2.2.3 Pomnilne celice - SRAM & L

SRAM (Staticni RAM) — .
pomnilniSka celica |..
T o 4
M

BL L‘l )

o
w)

(B} B=transistor SEAM cell

T?:| Ii 4' |:T4 row select 0

data in 1

L~

_L dataout 1

Bitna linija 0 Naslovna linija Bitna linija 1
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Zan|m|VOSt _ W FEAD T W READ "0'
2.2.2.3 Pomnilne celice — DRAM

DRAM (Dinamiéni RAM)
pomnilniSka celica

BL = V../2-8\
(a) (b)

Fig. 4.8 Reading from a DRAM cell. a Reading “1” from a DRAM cell discharges the storage

Naslovna linija (vrstica) capacitor and slightly increases the voltage of the bit line. b Reading “0” from a DRAM cell charges

the storage capacitor and slightly decreases the voltage of the bit line. In both cases, information is
lost

Tranzistor
_I_ Kondenzator C
Bitna linija (stolpec) GND

http://www.falstad.com/circuit/e-dram.html
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2.2.4 Napetostni nivoji za visok in nizek logicni nivo

m Stanji 0 in 1 sta v digitalnih elektronskih vezjih
predstavljeni z velikostjo napetosti na vhodu v vezje
oziroma na izhodu iz vezja proti masi (GND = 0V)

VHOD - Input |ZHOD - Output
A DO Y
(o, O
Vip=1 Vo=0
V=0 Vou =1
/ masa ali ozemljitev (GND) = 0V

ozemljitveni ali povratni vodnik
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2.2.4 Napetostni nivoji za visok in nizek logi¢ni nivo

2.2.4 Napetostni nivoji za visok in nizek logicni nivo

A Y

VHOD |ZHOD

0 V4 (V Input High): Napetost med vhodom
vezja in maso, Ce je na vhodu stanje logicna 1

| 1 >V
ngaH Vi HIGH . 0 V,_ (V Input Low): Napetost med vhodom
' v ' vezja in maso, Ce je na vhodu stanje logicna 0
Sumna
VIHmi =2 L imuniteta
Prepovedano
pogrocije 0 Vey (V Output High): Napetost med izhodom
. Y Sumna vezja maso, Ce je na vhodu stanje logicna 1
A | imuniteta O Vg, (V Output Low): Napetost med izhodom
Vi v, Vezjain maso, Ce je na vhodu stanje logi¢na 0
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2.2.4 Napetostni nivoji za visok in nizek logi¢ni nivo

Napetostni nivoji za TTL vezja

A

VHOD IZHOD
SV Ve = 5V
av L Sumna imuniteta = 0,4V
2,4V - 2,0V oziroma
0,8V - 0,4V v najslabsem
3V primeru
2,4V
2V +
. ————— Vth = 1,3V preklopni prag
1V T
0,4V
oV oV
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2.2.4 Napetostni nivoji za visok in nizek logi¢ni nivo

Napetostni nivoji za CMOS vezja 74Cxxx

VHOD |ZHOD
5V Vpp = 5V
4,5V
4V + Sumna imuniteta = 1V
v visokem stanju,oziroma
celo 1,17V v nizkem stanju
3V
————— Vth = 2,5V preklopni prag
2V +
1V 1
0,33V
oV oV
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2.2.4 Napetostni nivoji za visok in nizek logi¢ni nivo

Napetostni nivoji za CMOS vezja 74HCT in ACT

VHOD |ZHOD

5V Vpp = 5V

VT 3,84V

3V 4 Sumna imuniteta = 0,47V
v nizkem stanju in 1,84V
Vv visokem stanju

i . -

VT 0,8V

0,33V
oV oV
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2.2.4 Napajalne napetosti

m [ [L: Vce=+5V
m LV-TTL Vce=+3.3V
m CMQOS:
1C Vdd= +3V .. +15V

7 HCT,ACT(TTL) Vdd= +5V (+-10%)

m Trend: nizanje napajalne napetosti...
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" cronsa

2.2.5 Odpornost proti Sumu

m SUM.. neZelen motilni si
m |zvori:

0 v sistemu (presluh, odbo]f/f oo

1 zunaniji:
= brezzicni (EMC, EM sevanja), = —~
m ZiCni (el. omrezje, motnje) ‘i .

Reflected Pulse Tranzmitted Pulze

m Sumna imuniteta
1 DoloCanje po nacelu ,Worst Case”
0 Pomembno tudi trajanje (<0.5t; )
01 Tipi€no so razmere precej boljSe od WC ->
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= Predmet VIN — meritve odboji

(LV2) - Merjenje odbojev na liniji Y N S T
: : . .- . ‘ff/+\) * Td=)20n z0=100 < R2

Primerjava: Simulacija (LTSpice) T r 1 'y

= fost sa Ze pravilno razaell, 2 D
‘ SPICE Simulacije slik iz osciloskapa: UTP kabel, Rs= 50..550 ), R, = 1..500 E‘;-‘f;”-"vw ”gﬂ‘ P@Iﬂ'f'mf fi' :2"00”- tran 2400n N
Ro=100Q RL > Ro, Ri=5000 RL=Ro RL < Ro r.=10
R.,Rs=0,50,5000 PL=0.666 (poz. odboj) 0o1=0 (ni odboja) PL=-0.98 (neg. odboj)

¢ Rs<Ro

‘g % """ ‘-.‘-‘—‘lr‘

;g? g RS=50 Q Ustse = Uk R/ (Rs#+RL)
ps=-0.333

[0.5V/razdelek]

Merilni tocki

,,,,,,,,,,,, 1
Funkcijski  Rgen=50¢ } Rser / Zy,8 /
|

generator I:IJ—Ofil’

Primerjava: Meritve z osciloskopi

I
I
I
Vsre ! Us Uy,
I
|
| Slike osciloskopa: UTP kabel, Rs= 50..550 03, R = 1..500 {2 {Roen=50 £2) UTP | Napotost so 26 pravin porazdol, z ) [ I
—_zakasm’tw]b 1756 pafawvl tudi na fzhodu._J
Ro=100Q RL > Ry, Ri=5000 RL=Ro RL < Ro, Ri=10

Ri,Rs=0,50,5000 pPL=0.666 (poz. odboj) PL=0 (ni odboja) pL=-0.98 (neg. odboj)

¥

. Rs<Ro |
%g__/, Rs=50 Q
é% Ps=-0.333

[1V/razdelek]
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" = Predmet VIN — meritve presluhi

Primeri meritev presluha — UTP kabel

m  Na sosednji parici (linija B) izmerite napetostne nivoje
Up(0,t) = Upy(t) na vhodu linije in

ni odbojev 248 mV brez zaklj. blizja stran 520mv  brez zaklj. obe 336 mv
= £ IEIGOL_ T°D . : : 5 _ _ i 1:aau RIGOL _STOP

i ri(2) =552 . Gy ad) = 2.76t : Semu

CHilz= 1.88U [CHZ=[2- T Time 1868.06ns O

IB(xst) IF(Xst)

pi
L Con
v
Up(x,t)
M R
. . . - . - . . . . =I \
Umas(2) =40.0mY | .Umin2) ==120mJ Mmaxdl) = 2,720 d =|
CH1= 1.80V iFEy 206mU Time 108.0ns W»384.0ns 0
X =
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" M
2.2.5 Odpornost proti Sumu

Typical response of a logic gate
to a variable (analog) input voltage

TipiChe razmere :

YT V=5V
TTL vezja: I \\ |
“ @ threshold - B R S Sy
- ”1 ~3-4V, ,,O ~0.1V \\\ g "
4 N
a preklopni prag tipicno 1.3V o 1]

m tip. SI = min(1.3-0.1,3.4-1.3)V=1.2V

CMOS (TTL kompatibilna):
0,1"~5Vin 0~ 0V
O preklopni prag pa tipicno 2,5V
O tip. S| = min (5-2.5,2.5-0)V =2.5V
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2.2.6 Obremenljivost digitalnih vezij (FANOUT)
DoloCanje obremenljivosti v obeh log. stanjih

ing ‘0" 0.4ma ' 1" 20
VWhen outputting Gdn VWhen outputting 20 A
D_ D_
—Q —C Ve (+5V)
1T2mA | 0.4 mA B0 pA 20 pA
Vee (+JI ’j —I: : L ’ _1: :: - stanje »1«
R W - 0.4 mA v = 20
Mondless | :: ‘i |7 o
\ stanje »0« : D_

GI\;D(OV) FANOUT — min (IOL/ |||_, IOHI I|H )
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2.2.6 Obremenljivost digitalnih vezij (FANOUT)

Def.: Koliko vhodov lahko vezemo na 1 izhod...
TTL - Wioo .(+5H-“j

_ stanje =0« stanje » 1«
IZHOD (Max. vrednosti): gn R
mm - - -
-0.4

74LS -0.4 TTL } j
CMOS
oy GMD (0] r

74HCT 4
CMOS

74ACT 4

VHOD (Max. vrednosti): FANOUT =min (I, / ., lon/ Iy )
T-p\Max | Druzina____

stand. TTL breme

74LS . stand. LS-TTL breme .
74HCT -0.001 0.001 CMOS e s
tokizwvezja -
T4ACT -0.001 0.001 CMOS

OR - 2 — Povzetki predavanj © 2025, R.Rozman - FRI




" M

2.2.6 Obremenljivost digitalnih vezij

Dolo¢anje obremenljivosti:

m TTL:
0 74 . min (lo. /1., loy/ iy ) = min (10, 10) =10
0 74LS : min (o /1., loy/ iy ) = min (20, 20) = 20
m CMOS
1 vhodi tokovno prakticno ne obremenjujejo izhoda na katerega so
prikljuceni:

1 obstaja pa omejitev zaradi kapacitivnosti
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Zanimivost I

2.2.7 Povezovanje vezij iz razlicnih druzin

Potencialna neskladia:

m logicni napetostni nivoji
m obremenljivost

m hapajalna napetost

m hitra, poCasna vezja

Resevanje:
m prilagoditve, vmesniki, zamenjave...
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2.2.8 Casovni parametri digitalnih vezij

Vi
Vi k4
vhodna nopetost
YIHmin _ tpHL * tpLH
2
ViLmax
+
Vo
izhodna napetost
VOHmin | — — — _ —_— — — ] 7
VoLmax | — — — _ _| T
th] to ts tg | ts tg 1
t[:JHL__ tpLH
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2.2.8 Casovni parametri digit. vezij

ZAKASNITEV VEZJA (»Propagation time«-t,) -

m Cas, ki preteCe od trenutka ko se spremeni napetostni nivo na vhodu
vezja, do trenutka, ko se ta sprememba odrazi na izhodu

OSTALI VPLIVI

m VPLIV KAPACITIVNOSTI:
[0 na zakasnitev vezja vpliva tudi kapacitivhost na izhodu vezja
1 vpliva bolj na zakasnitev kot napetostne nivoje

m VPLIV POVEZAV: vsled napredka povecCujemo st. tranz. in s tem
zmanjsujemo dimenzijo tranzistorjev in tudi povezav:

0 + vecja hitrost delovanja (manjsi tranz.)
1 - slabSe lastnosti povezav (vecCje Stevilo, manjSe dimenzije)
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Zanimivost T
2.2.9 Neuporabljeni vhodi/izhodi

Pravila za neuporabljene vhode oziroma izhode:

m neuporabljen vhod v vezje:
O TTL in CMOS: mora biti obvezno prikljucen na 0 ali 1.

m cel element neuporablien
1 TTL: lahko nepovezan

1 CMOS: neuporabljene celotne elemente v CMOS
vezjih moramo povezati na 0 ali 1
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Zanimivost T
2.2.10 Katero druzino izbrati ?

Pravila :
m Pravilo izbire druzine:

(1 priporoca se CMOS
= HC
m Ce potrebujemo hitrost -> AC, nove poddruzine
m Ce povezujemo s TTL -> nove poddruzine s T na koncu

m Pravilo izbire hitrosti:
[1,,ravno prav hitro* !1?
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Zanimivost I

 2.2.10 Katero druzino izbrati ?

Texas Instruments: Logic Guide 2017
http://lwww.ti.com/lit/sg/sdyu001ab/sdyu001ab.pdf

0.8-V Logic 1.2-V Logic 1.5-V Logic
AUC, AUP ALIC, ALUF, AVC ALIC, AUF, AVG

1.8-V Logic 2.5-V Logic 3.3-V Logic

ALVC, AUC, AUP, AVC, LVG, LT ALVC, ALVT, AUC, AUP, AVC, AC, AHC, ALB, ALVC, ALVT,
LV, LM T, LV-A, LVC AL, AVG, LV, LW-A,
LVC, LVT, LVIT, AUPAT

CMOS Voltage vs. Speed

25

5-V Logic

ABT, AG/ACT, AHC, AHCT, ALS,
AS, BCT, F, LW, LV1T, LV-A,
LS, §, TTL, CD4000, FCT2

8

iy
3]
1

[}
!

Typical Propagation Delay, tpq (ns)
=)

5-V+ Logic

. : " " T T . ; CD4000 © 2025, R.Rozman - FRI
CMOS Voltage, Vg (V)
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Zanimivost

HEE
~ 2.2.10 Katero druzino izbrati ?

Fairchild Logic: Logic Guide 2017

https://lwww.mouser.com/catalog/supplier/librar

y/pdf/FairchildLogic.pdf

f.-.Tl.'[:l.I Rise and Fall Time®
ARBT 144 'i,%
T |E:] 1.3 20 g 1F T
T (18] aaw 157 22
VX148 1w Zi [l =
WX 18] 2w 25 I
WO 14) v 21 I ¢
AlwC LE L 2.1 [ -
LK 8] aaw AN ¢
LOK |B]  asw dnfll 42
LCX [16] aaw A
LOK (V] aE 26 I
VK 17 [
AL ¥ L5
AET Iﬁ.'l?
A 24 4 24
ACTS 2d]25
WHC 12 i
HC CH =T
HICT a7 I
FASTr (E] [N
FAST 23423
A5 il ER
AlS EE W FE]
a 1 2 3 4
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WH Edge
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Bl s
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Zanimivost
2.2.11 Nacrtovanje in gradnja dig. sistemov
Video :

,Complete PCB Cycle Design to Production®
https://www.youtube.com/watch?v=bgBjub85TT4

Postopek :

1 Zashova
m sest.deli, ,lepila“, tehnologija, druzina...

1 Nacrtovanje
= vezalna shema, razporeditev, povezave, PCB

1 Gradnja
s PCB, vgradnja elementov, spajkanje, preizkusanje
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Zanimivost TG
2.2.11 Nacrtovanje in gradnja dig. sistemov
Video :

,Complete PCB Cycle Design to Production®
https://www.youtube.com/watch?v=bgBjub85TT4

Nacrtovanje
= vezalna shema, razporeditev, povezave, PCB
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Zanimivost T
2.2.11 Nacrtovanje in gradnja dig. sistemov

m ,\Worst Case” naCelo nacrtovanja
1 podatkovne listine (,datasheets®):

= min, max,/tyﬁ,

[ tipicne razmere (,typ“) na sreco dosti boljse

m Vpliv povezovalnih zic

[1vecCja gostota, hitrost, manjse dimenzije, vecCje
razdalje...
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" A Zanimivost
2.2.11 Nacrtovanie in aradnia DS - SN7400

recommended operating conditions (see Note 3)

SN5400 SN7400
MIN NOM MAX]| MIN NOM MAX UNIT
Vee Supply voltage 45 5 55| 475 5 525 v
VIH High-level input voltage 2 2 A
VIL Low-level input voltage 08 08 V4
loH High-level output current -0.4 -04] mA
loL Low-level output current 16 16 mA

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN5400 SN7400
PARAMETER TEST CONDITIONS? N TvPs mAx | N Tves max| UNIT
ViK Vee = MIN, | =-12 mA -15 -15| Vv
VOH Vee =MiIN, ViL=08V, loH = -0.4 mA 24 34 24 34 v
VoL Vee = MIN, ViH=2V, loL = 16 mA 02 04 02 04| Vv
I Vee = MAX, Vi=55V 1 1| mA
IH Ve = MAX, V=24V 40 40 nA
m Vee = MAX, Vi=04V -16 -16| mA
switching characteristics, Voo =5V, Tp = 25°C (see Figure 1)
SN5400
PARAMETER {E@%T’) {ouTTgun TEST CONDITIONS SN7400 UNIT
tPLH 11 22
AorB Y [|RL=4000, cC =15pF H ns
tPHL 7 15
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" Zanimivost
2.2.11 Nacrtovanje in gradnja dig. sistemov

I
c
x

Z naslova <https://docs.flux.ai/Introduction/what-is-flux---draft->

Z naslova <https://www.youtube.com/watch ?v=Nz-XvvlozK4>

Zanimivo orodje ?
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https://docs.flux.ai/flux.ai
https://docs.flux.ai/Introduction/what-is-flux---draft-
https://docs.flux.ai/Introduction/what-is-flux---draft-
https://docs.flux.ai/Introduction/what-is-flux---draft-
https://docs.flux.ai/Introduction/what-is-flux---draft-
https://docs.flux.ai/Introduction/what-is-flux---draft-
https://docs.flux.ai/Introduction/what-is-flux---draft-
https://docs.flux.ai/Introduction/what-is-flux---draft-
https://docs.flux.ai/Introduction/what-is-flux---draft-
https://www.youtube.com/@buildwithflux
https://www.youtube.com/watch?v=Nz-XvvlozK4
https://www.youtube.com/watch?v=Nz-XvvlozK4
https://www.youtube.com/watch?v=Nz-XvvlozK4
https://www.youtube.com/@buildwithflux

" S Zanimivost

2.2.11 Nacrtovanje in gradnja dig. sistemov

Prikaz vpliva povezovalnih zic na preneseni signal:
Primer signala na koncu 2.5Gb povezave

Signal Transmission

111101111100000100000
— .1 —

Received signal |/
at far end of
line.

r threshold

400 ps/div
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Predmet VIN — simulacija vpliva linije na signal

Prikaz vpliva frekvence signala na prenos po liniji

Lastnosti elektricnih linij — model elektri¢ne linije

Prenosno elektricno linijo lahko predstavimo s poenostavljenim

modelom: R L
V'V Pri idealni liniji je upornost R = 0 in tudi
1 prevodnost med vodnikoma G = 0 (upornost
c = G med vodnikoma je R = =).

uuuuu

f iy = 25 MHz

Izhodni signal
Fog=2.5GHz } /\
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2.3 Razvoj tehnologije

Neenakomeren po podrocjih, razlicni vidiki:
m 2.3.1 NarascCanje sStevila tranz. na Cipu

m 2.3.2 Hitrost in poraba, mo¢
m 2.3.3 Narascanje zmogljivosti
m 2.3.4 Razmerje med frekvenco ure in mocjo

m 2.3.5 Pojav paralelizma
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2.3.1 Narasc€anje Stevila tranz. na Cipu
Moore’s Law: The number of transistors on microchips doubles every two years [SURWERE

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.

Transistor count
50,000,000,000

10,000,000,000
5,000,000,000

1,000,000,000
500,000,000

100,000,000
50,000,000

r
80-‘c-n'.':.|-1 Copperming ®
Ké&

Pentium
Pentiv

10,000,000
5,000,000

| Katmai
hutes

Pentiun
Q‘Jxl'umlll’llljr sch
i [

1,000,000
500__000 T| Expl

Lispr mach

°I‘E'C WRL
MultiTitan

100,000
50,000

hd
ARM 6

ntel 8086QF € Intel 8068

10,000 TMS 1000 - - - Zilog Z80 "esy3° <
° W5
5.000 Y 5C02
Intel BOOE,
le:‘”: 3 450 BY
intel 4004 O%0
1,000
O L I S L g . SR (LG v P P ° ¥ & P P P
CARAURCAICUICAST ST LIC SO AT it i g R R S S SN
Data source: Wikipedia (wikipedia.org/wiki/Transistor_count) Year in which the microchip was first introduced
QurworldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.
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2.3.1 Narascanje stevila tranz. na Cipu

NarasCanje st. tranz. pribl. sorazmerno s kvadratom zmanjSevanja ,feature size®

Intel tehnologije (mikroarhitekture) : AMD tehnologije (mikroarhitekture) :

14 nm :
Broadwell
Skylake
Kaby Lake,

(2014)
(2015)

Coffee Lake (2017)

10 nm :
Cannon Lake  (2018)
Ice Lake (2019)
Tiger Lake-11th  (2020)
Intel 7:

Raptor Cove
Intel 4:

Redwood Cove
Intel 3:

(2022)

(2023)

(2024)

Procesorji

OR - 2 — Povzetki predavanj

Sapphire Rapids
quad-chip module (up
to 60 cores and 112.5
MB of cache)l18%]
Apple M2 Pro (12-
core 64-bit ARMES4
SoC, SIMD, caches)
Apple M2 Max (12-
core 64-bit ARMG4
SoC, SIMD, caches)
Apple M2 Ultra (two
M2 Max dies)

AMD EPYC Bergamo
(4th gen/97X4 series)
9-chip module (up to
128 cores and 256
MB (L3) + 128 MB
(L2) cache)

14 nm :
ZEN

12 nm :
ZEN+

7 nm:
ZEN 2

ZEN 3
5nm:
ZEN 4
3nm:
ZEN 5

44 ,000,000,000—
48,000,000,000118¢]

40,000,000,0000719°]

67,000,000,000[199]

134,000,000,000!71

82,000,000,0000121]

Transistor count

2023

2023

2023

2023

2023

(2017)

(2018)

(2019)
(2020)
(2022)

(2024)

Intel

Apple

Apple

Apple

AMD

10 nm ESF

27,500,000
1,600 mm?
(Intel 7)

30,000,000

5 nm (CCD) = =

6 nm (10D)

Transistor
density
(trfmm?)

Process
Area (mm?2)
(nm)


https://en.wikipedia.org/wiki/Raptor_Cove
https://en.wikipedia.org/wiki/Raptor_Cove
https://en.wikipedia.org/wiki/Raptor_Cove
https://en.wikipedia.org/wiki/Raptor_Cove

2.3.1 Narascanje stevila tranz. na Cipu

Namenski sistemi

Device  Device Transistor Date of .
® ® L2 .+ Designer(s) #
type name count introduction
Deep
learning  Colossus
X 23,600,000,000 2018 Graphcore
engine/ GC2
IPUl!
DeeP
learning
X Scale 1,200,000,000,000 2019 Cerebras
engine / )
Engine
IPU
IDEBD Wafer
AN seale | 2,600,000,000,000 2020 Cerebras
engine / .
Engine 2
IPU
Network  NVLink4 o
25,100,000,000 2022 Nvidia
switch NVSwitch
; 153,000,000,000
Aqua Vanjaram CDNA3 2023
(MCM)
208,000,000,000
GB200 Grace Blackwell 2024
(MCM)
GB202 Blackwell 92,200,000,000 2025
GB203 Blackwell 45,600,000,000 2025
GB205 Blackwell 31,100,000,000 2025
GB206 Blackwell 21,900,000,000 2025
GB207 Blackwell 16,900,000,000 2025
Navi 44 RDNA4 29,700,000,000 2025
Navi 48 RDNA4 53,900,000,000 2025

Processor

Transistor count

Year

Manufacturer(s) ¢

TSMC

TSMC

TSMC

TSMC

AMD

Nvidia
Nvidia
Nvidia
Nvidia
Nvidia
Nvidia
AMD

AMD

Designer(s)

MOS

* Area #
process

16 nm ~800 mm?

16 nm 46,225 mm?

7nm 46,225 mm?

N4 (4 nm) 294 mm?

TSMC

TSMC

TSMC
TSMC
TSMC
TSMC
TSMC
TSMC
TSMC

Fab(s)

Transistor
density, #
tr./mm?

29,500,000

25,960,000

56,250,000

85,370,000

5 nm (GCD)
6 nm (MCD)

4 nm ?

4 nm 750 mm?

4nm 378 mm?
4 nm 263 mm?
4 nm 181 mm?
4 nm 149 mm?
4nm 199 mm?

4 nm 357 mm?

MOS
process

Area

Year

2022

2020

2024

2025

Primerjava vrst

Component

Flash memory

any processor

GPU

Microprocessor
(consumer)

2020 DLP

122,600,000
120,600,000
118,300,000
121,000,000
113,400,000
149,200,000
151,000,000

Transistor
density
(tr./mm?)

Number of MOSFETs
Name o
(in trillions)

Micron's V- 53
NAND module ’
Wafer Scale
- 2.6
Engine 2
Nvidia B100 0.208
Apple M3 Ultra 0.184
Colossus Mk2
GC200 0.059

OR - 2 — Povzetki predavanj

© 2025, R.Rozman - FRI


https://en.wikipedia.org/wiki/V-NAND
https://en.wikipedia.org/wiki/V-NAND
https://en.wikipedia.org/wiki/V-NAND
https://en.wikipedia.org/wiki/Cerebras#Technology
https://en.wikipedia.org/wiki/Cerebras#Technology
https://en.wikipedia.org/wiki/Graphics_processing_unit
https://en.wikipedia.org/wiki/Apple_M3
https://en.wikipedia.org/wiki/Deep_learning_processor
https://en.wikipedia.org/wiki/Graphcore#Products
https://en.wikipedia.org/wiki/Graphcore#Products

"

2.3.2 Frekvenca in poraba, moc

Povecevanje hitrosti delovanja :
m prva aproksimacija :
(1 narasca linearno z zmanjSevanjem ,feature size"
Ne velja zaradi :
m slabsanja lastnosti povezovalnih zic
m narascanja dinamicne porabe tranzistorjev:

Mo¢ = 0.5 x Kapac.breme x Napetost? x Frek.preklopov

\ Faktor aktivnosti (clock=1.0,

obi¢ajno 0.1)

Poraba moci se povecuje tudi zaradi puscCanja tranzistorjev pri nizjih
napetostin — zato nepotrebne dele izklapljamo !

OR - 2 — Povzetki predavanj © 2025, R.Rozman - FRI



"

2.3 Razvoj tehnologije

2.3.2.1 Frekvenca ure procesorjev

10,000 :
, Intel Skylake Core i7
Intel F‘enllumti Xeon 4900 MHz in 2017
3200 MHz in 2003
1000 v s @ SRR,
Digital Alpha 21164A
500 MHz in 1996
N N
I Digital Alpha 21064 40%lyear
% 150 MHz in 1992/ .~
© 100 4 B e .
5 MIPS M2000/ .-
= 25 MHz in 19§9
w0 b AT e SURASPARC
16.7 MHz in 1986
Digital VAX-11/780
5 MHz in 1978
15%/year
1 T T T T T T T T T T T T T T T T T T T
D D O ok B D D S © H» O I ® H O O N> o B
'\dg"L '3'% '\lt:!":hI ,\Q.% '\q’tb '\Q'(b ’\Q'q’ *\q'q '\qj(bb‘ '\Qﬁq’ '\F'?., @Q ‘-LQQ r'I.‘vQQ?'. "190 qs*?' r@\ WQN q-‘ﬁh\ ,lg:?‘ rﬁ}
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2.3 Razvoj tehnologije

2.3.2.2 Frekvenca ure in mocC (poraba) procesorjev Intel x86 Cez 10 generacij

1{],[}&& 7 _ ‘12D
2000 900 2667 5300 a4g0
O / n @ -+ 100
N 1000 + R
< Clock Rate 0 lego @
e \\\ D . ©
o 66 77 =
m 100+ + 60 =
e 16 - 2
8 12.5 lao 3
o o
o 10+ H -
120
| : ——t—p—0
0 o E ~ S =t z N == I O —
2L 38 EY EToEST VCE 88 28
Q= c® £+ 3EQ 288 288 5¥oQ 5dQ
T 2% 55 528528858082 03%
ELE {g ﬂ_ﬂ- W (] =

1982-2004:

» 300x povelanje frekv. ure

« 30x povecanje moci (??7)

Kako je to mogoCe ?  -> nizanje napajalne napetosti...
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Performance (vs. VAX-11/780)

2.3 Razvoj tehnologije

2.3.2.3 NarasScCanje zmogljivosti procesorjev od leta 1986

Intel Core i7 4 cores 4.2 GHz (Boost to 4.5 GHz)

Intel Core i7 4 cores 4.0 GHz (Boost to 4.2 GHz)

Intel Core i7 4 cores 4.0 GHz (Boost to 4.2 GHz)
Intel Xeon 4 cores 3.7 GHz (Boost to 4.1 GHz)

100,000

10,000 ~

1000 ~

100 ~

10

Intel Xeon 4 cores 3.6 GHz (Boost to 4.0 GHz)
Intel Xeon 4 cores 3.6 GHz (Boost to 4.0 GHz)
Intel Core i7 4 cores 3.4 GHz (boost to 3.8 GHz)
Intel Xeon & cores, 3.3 GHz (boost to 3.6 GHz)
Intel Xeon 4 cores, 3.3 GHz (boost to 3.6 GHz)
Intel Core i7 Extreme 4 cores 3.2 GHz (boost to 3.5 GHz)
Intel Core Duo Extreme 2 cores, 3.0 GHz
Intel Core 2 Extreme 2 cores, 2.9 GHz » 129
------------------------------------------------------------------------------------ AMD Athlon 64, 2.8 GHz -- M= e e = -

AMD Athlan, 2.6 GHz
Intel Xeon EE 3.2 GHz 5681 T,1OB'

6,043

IBM RS6000/540, 30 MHz,
MIPS M2000, 25 MHz

VAX 8700, 22 MHz

AX-11/780, 5 MHz

1
19

25%/year

! I T I T T I T T I T I T I I T I I 1

78 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
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2.3.3 Pojav paralelizma - analiza splosnih trendov

50 Years of Microprocessor Trend Data

! ! ! L
T SE——
| : : “‘ﬁ Transistors
oL g AE T | (thousands)
A A“A AA .

5 L S VY'Y o Single-Thread
10 e s ** ***Performance ,
ot | | e I TL L | (SpecINT x 10°)

54 ; E [ | FI’

: AL \" ’ wR| Frequency (MH
10° | s iﬂ'!‘-'“-'. g oW Frequency (MHz)

4 oM a¥ ? * o3v% Y| Typical Power
10° R B ‘"".;".' """ 'rvj,;;v'v&"""ﬁf}:tzq (Watts)

1L - - " Wv": yv v i.:.’.'i 7| Number of
10 LA mm oy - MW 2, *| Logical Cores

A g v v v vY vv ‘"““‘5
100 —-s--q ----------- D T S -
| | | I |

1970 1980 1990 2000 2010 2020

Year

Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

New plot and data collected for 2010-2021 by K. Rupp

Vir: https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png
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https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png
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https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png
https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png
https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png
https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png
https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png
https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png
https://raw.githubusercontent.com/karlrupp/microprocessor-trend-data/master/50yrs/50-years-processor-trend.png

" JE
2.3.3 Pojav paralelizma

Zakaj ?
V zadnjih desetletjih:
osnovna hitrost vezij (log.vrat) se poveca ?-krat
st. elementov na Cipu se poveca ?-krat

Vecjedrni mikroprocesorji (multiprocesorji, multiracunalniki, ...)

Intel AMD Intel gy SunUltra o oo Ryzen 19-11900K  jo- Ryzen
| -
Procesor Core Phenom Il Core i7 Sparc T2 5900X (2021) 13900K  7950X
Power6 (09/2017)
Nehalem Thuban Gulftown Niagara 2 (2020) (2022) (2022)
Stevilo jeder 4 6 6 2 8 10 12 8 8 16
Frekvenca
2,667GHz  32GHz 333MHz 47GHz 14GHz 3.3-4.3GHz 3.7-4.8 GHz 2.5-5.3GHz 2.2-5.8 4.5-5.7
ure
Mo¢ (TDP) ~100 W 152 W 130W  ~100W? 84 W 140 W 105 W 125W 125W  170W
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2.3.3 Pojav paralelizma

Poraba ?
»... Dve jedri porabita manj kot eno dvakrat hitrejSe ...“

Prednost :
— Processor [ |
Input Output
—* Processor — — 11/2 Output
Input
!
f —* Processor [— f
Capacitance = C
Voltage = V f/2 Capacitance = 2.2C
Frequency = f Voltage = 0.6V
Power = CV2f Frequency = 0.5f
Power = 0.396CV?f
Input, 3 Output Input| A 2 14 | Output
— &[] Processor — — S — o —
@ & | | Proc. & | | Proc.
o 04 o
f i !
f f
Capacitance =C Capacitance =1.2C
Voltage =V Voltage = 0.6V
Frequency = f Frequency = f
Power = CV2f Power = 0.432CV?f
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" the Speed of Light

Deep Learning at

g can solve Al's

|zbrane tehnoloske novosti

r bets that optical computin

Lightmatte
afficiency problem

A Q"ﬂntu The Future of Deep Learning Is Photonic
M Spe
ranSfOrm Edup fOr the F Reducing the energy needs of neural networks might require
Q“‘a"tum com ast Fou’.ie’_ computing with light
Underping p, - e1S Will g,
Uch of meq = te('iharge the algq rithm g, New Optical Switch up to 1000x Faster Than
. at

Transistors > “Optical accelerator” devices could one day
soon turbocharge tailored applications
BY CHARLES Q. CHOL| 15 OCT 2e21 |2 WIN READ | [ B

Supersize Al
Cerebras’s silicon-wafer-size chip boasts 2.6 trillion

transistors
e will make computer Number of MOSFETs
~rconnect fabric will N
conne ame A—
(in billions)

M1 Max 57

Colossus Mk2 GC200 59 4
GA100 Ampere 54

Samsung’s V-NAND chip 2000

Warfer Scale Engine 2 2600

Vir: https://spectrum.ieee.org/magazine/
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Digitalna integrirana vezja

Viri in dodatna gradiva
m Dodatna literatura :

0 P. Buli¢: Osnove digitalnih vezij
m Zapiski pri predmetu ORS (Organizacija RacunalnisSkih Sistemov)

m Podatkovna listina: sn741s00

m Prikaz naCrtovanja in produkcije tiskanih vezij (PCB) - mati¢nih ploS¢
0O Complete PCB Cycle Design to Production (4 min)
0 How Motherboards Are Made (2019) (14min)
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http://www.ti.com/lit/ds/symlink/sn74ls00.pdf
https://www.youtube.com/watch?v=bgBjub85TT4&ab_channel=Nexlogic
https://www.youtube.com/watch?v=bgBjub85TT4&ab_channel=Nexlogic
https://www.youtube.com/watch?v=cnAFTMaS5R0&ab_channel=GamersNexus
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