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Ponovitev

Prej gnj el Wvodg/lOR m digitalna vezja:

Join at

slido.com

A Spl ogni poj mi
Zgradba i n organizacija ralunal ni

A Funkcijskeenotek ot osnovni gradni ki ra

A Nivojska zgradbar a |

Ralunalni k na nivoju digitalne |

A Osnove digitalnih vezij (stikalo, tranzistor)

A Realizacijal o g i | nvdigitalaim vezjih (NOT,NAND,NOR)

A Digitalna vezja visoke stopnje integracije T VLSI (razvoj,
postopek izdelave,potencialnet e g av e )

>
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Delo, dodatna gradiva

N a | dela, dodatnha gradiva :

A A Nsheeping! ! Flipped ldarningf
https://www.youtube.com/watch?v=0Q0y7|B-P3nk
A Valvano: Embedded Systems - Shape The World

EdX course :

A https://www.edx.org/course/embedded-systems-shape-world-utaustinx-ut-6-03x
Ebook:

Table of Contents

A http://lusers.ece.utexas.edu/~valvano/Volumel/E-Book/

e Chapter 1: Introduction
o) Chapter 3: EleCtrOI’liCS e Chapter 2: Fundamental Concepts
. . . [ ]
o Chapter 4: Digital Logic .
o Chapter 5: Introduction to C . Introduction to C
.. ; ] e Chapter 6: Microcontroller Ports
0 zanimiva tUdI OStaIa poglaVJa e Chapter 7: Design and Development Process
aﬂ Cou e Chapter 8: Switches and LEDs
I . .
€S > How It Works . Schools & Partn e Chapter 9: Arrays and Functional Debugging
€rs  About . - -
m ) e Chapter 10: Finite State Machines
Embed Sign In 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
- 1ab-based course, e Appendix: Reference Material
L0 v {would like 0 receive emgj . L] \r"d ].Ilk 5. W b ] ].k ti 7.d 3 AH 1 ter ].
&j TEXAS Texas at.:.usttin and leam aégsrn:g;;zism y L] BN oo Closed e ( il

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

programs,
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2. Osnove digitalnih vezij

Namen in cilji 2. poglavja:
Razumevanje :
A
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delovanja( nal rt ov an

>

razvojnih problemovi n
vzrokov za pojav paralelizma
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osnovnih lastnosti digitalnih vezij

osnovnih pojmov: el. napetost, tok, upornost

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

j a)

Vss
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2. Osnove digitalnih vezi
2.1 Prehod 1z |l ogilnega

Logika
Lqg. vra

ARalunalnik je sestavlije SRl
AAl ogil na vezjai

Andi gitalna vezj)an,
viasih: Apreklopnah

oji
aov, 4&sv
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2.1 Prehod 1z | ogilnega r

A Von Neumannov (VN) model:

AMatemati |l ni, | ogil ni mo d e | r al
A CPE, pomnilnik, V/I, povezave
A ne predpisuje realizacije, tehnologije Log. vata

A RealizacijaVN-> Adi gitalna vezjaf:
Aposebni | 1 pi VLSI
A (CPE,Pomn. , V/ 1, grafika, zvok, &)
AAmi kr opr oc e s ctaslddna digie pezjd o fi
A povezovanje VLSI vezij
Akomuni kacije (ETH, RS232, ¢&)
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"
2.1 Prehod 1z | ogilnega r

A RealizacijaVN-> Adi gitalna vezjafi:
Aposebni | 1 pi VLSI
A (CPE,Pomn. , V/1, grafika, zvok, &)

~
~

AAmi kr opr oc e s ctansldedma digie yegjd o i
A povezovanje VLSI vezij
Akomuni kacije (ETH, RS232, ¢&)

. Northbridge (with heatsink) Southbridge g

Ry

20-pin ATX Power U + TN NN
Connector =R N N

CMOS Backup
| Battery
CPU Fan & S8t
Heatsink 5

Mounting
Points

Connectors For

Integrated Peripherals

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

A Danes:
A digitalna vezja so skoraj vsa elektronska

A Prihodnost ?:
Aopti ka, Dbiolipi, kvantni ral .,
Anajpr e|] kot manjga, namenska Ve:

Elektronska realizacija digitalnih vezij:

Apomanj kljivosti (tegave)
A odstopanje od log. ideala 0,1 -> napetostni nivoji
Ategje nalrtovanje (potrebno znal
A poraba, toplota

A prednosti
Avisoka stopnja standardizacije |
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2.2.1 Osnove elektronskih vezij

2.2.1.1 Osnovni pojmi
A %Il A E OtokE é[A)E
1 DEF: k ol 1 dl.inabg@a ( o b i Ihasilcirso elektroni), ki
pr etvanékem| as u

1 1 Amper := 1A = 6.241*1018 elektronov/sek = 1 Coulomb/sek

1 smer: definirana obratho 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
A %1 A E Oaapetobt AU [V]:
1 DEF: razlikae | e k t potericialovikrdvent o| k a h
7€ p oV zel K visklenjenemt ok okr oguc

7o0znalwdveht ol ksarh( v ipgtgncial) inT7 ( ni § |
potencial)

+ X T1 =Hot temperature
Water | Flow

8 Ei-IH-

T2 =Cold temperature

-

Fancet
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2.2.1 Osnove elektronskih vezij

2.2.1.1 Osnovni pojmi
A %Il A E O apBraobtA R[LI]:

1 Ao vpratoan ab oj afi

1 2 vrsti prevodnikov :
Tgicca
1 upor (upornik)

Water

zanemarljiva upornost ( @Y)
deklarirana upornost v Y

Flow |

LTy

Faucet

T1 = Hot temperature

o R

T2 =Cold temperature
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2.2.1.1 Osnovni pojmi

A Ohmov zakon: v
. T . . . I R
7 1z rralacippmednapetostjotokomin upornostjo
A U, I sorazmerna: U =1R, I=U/R, R=UI/I

A %l AEODEéR=AJI [W]
AP=UI=WR=I2R

A %l AE Oeénkergijh AE=Pt [J=W 9]
AE=Pt=UIt

A Kapaciteta baterije -Q=1t [Ah]
A el. naboj, ki ga baterija zagotoviob d o | o hapatosti
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2.2.1.2 Osnovnapravila tokokrogov

http://www.falstadcom/circuit/eresistorshtml

1.%I1 A E OtakBEQAl éB#no v sklenjenem tokokrogu (zanki)

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

1 DEF: Vsota vse padcev napetostiv z a k | j aarnkigerenaka 0

1 Primer:

+OT‘;- [=90mA
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2.2.1.2 Osnovnapravila tokokrogov

3. Kirchoffov tokovni zakon (KCL - Kirchoff's Current Law)

A DEF:; Vsota tokov
I1=12 I3=14 +15
y Il 13
+ +
VIZRI V3ZR3
e Noded NodeB
y 12 4 y I5
+ + +
V2ZR2 V4= R4 VSZRS

v vozligle

Io +17 =I[53+1Y

Io Iv
+ +
Vo=Ré6 Vi=ZR7
- Node” -
I8 9
+ +
VE8=ES§ V9= RO

J

e

enak
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2.2.1.2 Osnovnapravila tokokrogov

4. Zaporedna vezava upornikov
1 enak tok skozi upore

1 upornosti in padci napetostises e gt ev a

5. Vzporedna vezava upornikov
1 enak padec napetosti na vseh

1 r a z ltakdvirskozi upore

¢ /R=1/R1+ 1/R2 +é LI

vl1
+
‘v‘l_% R1 Eauivalent V1
+

i o 6 Z=R=RI+R2

V1 T v=viHv2
V2 % R2
I Equnalent [=[4]2

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

Naj bolj znane so tri skupine
A TTL vezja (Transistor Transistor Logic)

A CMOS vezja ( Complementary Metal Oxide
Semiconductor)

S~

~

—”—
7 PP Rk T
A €
_—"—— -~
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2.2.2.1 Drugina

Ve (+5V—logicna- 1]

TTL

vh.log.stanjef

Vine izh.-Jlog.’stanje Vizns

U p O ra b a baza-emitors kolektor-emitors
1o 5V(3.3V)r Qo ova
Kolektor-(C)
oxn ove 1 5V(3.3V)

A enostavni sistemi g s
~ . ~ {p Vel ( izh.Iog.stanjeﬂ.
A Al epi | on | S .
q GND-(0¥—-logiéna-0)y !

,C - kolektor

Razvoj

/C - kolektor

A 1961 .. Patent (James Buie) a _1'/

A 1963 .. Komercialno IC vezje http://www.falstad.com/circuit/e-trangswitch.htmI
A 1964 .. 54xxx, 74xxx (Texas Instr.)

A 1985 .. 74A(L)Sxxx

A 2017 ge vedno n ] O
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http://upload.wikimedia.org/wikipedia/commons/a/ac/7400_Circuit.svg
http://www.falstad.com/circuit/e-transswitch.html
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2.2.2.1 Drugina -pbldddiudii

74XXX naj st asereupprabliav e |

T4LXXX (Low Power): ma n jpgraba,ap ol asnej gi

T4AHXxXX (High Speed): v e | hitrast, v e | goraba

T4SXXX (Schottky) S-dioda pr epr elawsji ¢ -e3x jhiee. od 74xxx, 2x v e |

poraba energije

T4LSXxX (Low Power + Schottky): standard, nadomesti L,H in S serijo. Najbolj
razg.irjen

TAFXxx (Fast) - 1985

T4ASXXX (Advanced Schottky)

T4ALSXXX (Advanced Low Power + Schottky)

10 10
33 1
6 22
3 19
9.5 2
3 5.4
1.7 8
4 1.2
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2.2.2.1 Drugina TTL Sz

Prednosti:
Ana zaletku Jje predstavl jal a

Aenostavno nalrtovanj) e -Xvneelg)at
Amanjga oblutljivost na stat.

Slabosti:
Astati | nav elojraabkot CMOS

A asimetrija upornosti v stanjih T neprimerno za vodila
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2.2.2.1 Drugina TTL digi
Breadboard Computer |

L — o —————
v ¢ e

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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https://minnie.tuhs.org/Programs/CrazySmallCPU/index.html
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/EZc6YPwitPFIuWqGvKz-GYgBSEzoy143qUu6ZXiZJSdFEQ?e=sLGztG
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/EZc6YPwitPFIuWqGvKz-GYgBSEzoy143qUu6ZXiZJSdFEQ?e=wjPyTh
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/EZc6YPwitPFIuWqGvKz-GYgBSEzoy143qUu6ZXiZJSdFEQ?e=wjPyTh
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/EZc6YPwitPFIuWqGvKz-GYgBSEzoy143qUu6ZXiZJSdFEQ?e=wjPyTh
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/EZc6YPwitPFIuWqGvKz-GYgBSEzoy143qUu6ZXiZJSdFEQ?e=wjPyTh

"

2.2.2.2 Drugina CMOS digi

Uporaba
A mikroproc., mikrokrmilniki, SRAM

A digitalna vezja
A slikovna tipala

Razvoj N
A dol980 .. pol asnejga od TTL

A 1976-> .. prevladuje vrazmerjuproc. mol| / por a
A 1990+ -> .. hajpogostejga Vv V
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2.2.2.2 Drugina CM®®X ddriuggi
& - -
Enak razpored kot TTL 74xxx, nima TTL nivojev! 50 0.8
T4HCxxx (High-speed CMOS) hitrost enaka 74LS (TTL),5x h i t ode7#Gyp 9 0.9
TAHCTXxX ( z dr ugTTl viezji)a 9 0.9
T4ACXXX (Advanced é ) hitrost enaka 74AS in 74F (TTL) 3 0.8
TAACTXXX (zdr ugTTL)i v a 3 0.8
74AUCXXX (Advanced Ultra Low Voltage CMOS) 2
ASIC i VLSI 90nm tehnologija, realizacija tranz. nal| i p u 0.12

OR 271 Povzetki predavan;j E 2025, R.Rozman - FRI



2.2.2.2 Drugina CMOS digi

Realizacija i negator kot osnovni element
1 komplementarnpartranzistorjeP-MOS in N-MOS):

o V,=H-> P-MOS..OFF N-MOS..ON Vour =L (Vs
o V,y=L-> P-MOS..ON N-MOS..OFF Vout =H (Vdd)
Vdd
G—ci_ > p-MOS
- D
Vin —4 ——Vour
G 4D
_l_ N-MO5 ouT IN
5 GND (Vss) T Vee (Voo)
\V/ss T eta
Y o e P W

#7 #3 #4

P-well#2 N-ch
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2 .

2 .

2.2 Drugina

Cl

vdd
G

!

p-mos |

Tukaj p-tranzistor deluje kot sklenjeno stikalo, V|N | 1 VDUT
medtem ko n-tranzistor deluje kot odprto stikalo
Vour : sl Y A G -
: ___ Tukaj pri p-tranzistorju ze narasca upor _
* *,-' T prevaja manj toka, medtem ko pri n-tra - N-MOS
o vDD . TR upornost pada in zacne prevajati 5
- | - __ naklon = -1
¥ VOH min P \/ss
nd
Tukaj imata p-tranzistor in n-tranzistor enako
_— upornost, zato je na izhodu
o b napetost, ki je enaka polovici napajalne
VDD/2

Tukaj ima p tranzistor visoko upornost in je
skoraj ne prevaja (stikalo skoraj ocdprto),
__ medtem ko n/tranzistoju upornost precej pade
e in je stikalo skoraj sklenjeno

Tukaj p~tranzistor deluje kot odprto
_ stikalo, medtem ko n-tranzistor

- ] kton = -1
- VOLmax 4 rna /~ deluje kot sklenjeno stikalo
o Sl /
- '
e i 1 > Vin
g VIL max VOD/2 VIHmin VDD
(1] n nmn "n
L 0 2| . 1 o
r" " I "
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vdd
n a Cl 5_4—5 p-mos |
- D
Reset V|N —_— 1 VOUT
Dump Matrix (3 1 [
[v Stopped —1 N-MOS
Simulation Speed ] S
: 0
Current Speed VSS
! I ]
www.indiabix.com
Dinami | na pojraba

(tokovne gpijce)
A zgodijo se ob preklopu
A prevajata oba tranzistorja

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 -cmosinverterslowhtml
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2.2.2.2 Drugina CMOS digi
Evolucija realizacije CMOS tranzistorja :

2D - Planar —
Vrata
_ Si-Oksid (Gate) Gate Multiple Drains
(So\grrce) T ) \‘ T . T I(PD?;?:) . D\ / l \

Lz |+ [ |

| N | Channel N

3D - TriGate

—— \ 17/

Multiple Sources

High-k




q _
Realizaciie CMOS tranzistoria :

32 nm Planar Transistors 22 nm Tri-Gate Transistors
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Razvoj tranzistorjev v najsodobnejgih
Aprehod iz vodoravne (2B) manpgappbrmog
gostota !!!

EVOLUTION : The gate controls the flow of current
OF THE FET - Mraugnmﬂﬂnannelreginn.

Source Gate Drain

o————— Drain

Dielectric planarni 2D (vodoravna lega)

Planar FET

Up until about 2011, planar
transistors were the best
devices available.

Charge can leak through the channel
region and waste power.

3D tranzistor

FinFET - Stacked nanosheet FET

Surrounding the channel region on - The gate completely surrounds the
three sides withthe gate givesbetter ~ ©  channel regions to give even better
control and prevents current leakage.  :  control thsnthe FinFET.
ORi 21 Povzetki predavanj E 2025,

Premer Si atoma je 0.24nm!!!
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2.2.2.2 Drugina CMOS digi

Prednosti:
Amaj hna statilna pnd)y aba (red

Aodpornost na gum
A omogol|l a VLSI

Slabosti:
Adinamilna potakavhar glpl c@,
Astatil| na poirgath.a t(rvanvzLiSsIt or | e
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2.2.2.2 Tipilna TTL 1 n CMOS

http://www .falstadcom/circuit/e-ttinand.html

http://www .falstadcom/circuit/e-cmosnanchtml

g ol g b r ; vdd vdd
{g,xpumﬁ;aﬂ 614DR |
4 SN74LSOON A‘°| B“i

Al Bl X1

A—
Q
00 1 B—}

0 1 1 TTL _FE GG M E GG

1 O 1 EIE EIE |

i [ [
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http://upload.wikimedia.org/wikipedia/commons/a/ac/7400_Circuit.svg
http://upload.wikimedia.org/wikipedia/commons/e/e2/CMOS_NAND.svg
http://upload.wikimedia.org/wikipedia/commons/e/e6/NAND_ANSI_Labelled.svg
http://upload.wikimedia.org/wikipedia/commons/e/e6/NAND_ANSI_Labelled.svg
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-ttlnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html
http://www.falstad.com/circuit/e-cmosnand.html

A RS 7Z a Fbatab”ﬁ()A 0
A asinhronski

) 412496
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" A
2.2.2.3 Pomnilne celice |

A RS za poiatabilﬁ()ﬁ;
https://g00.gl/8DBez8

A RS zapah in urin signal (nivo):
https://goo.qgl/9D36nW
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https://goo.gl/8DBez8
https://goo.gl/8DBez8
https://goo.gl/9D36nW
https://goo.gl/9D36nW

"
2.2.2.3 Pomnilne celice Il
A SinhronskiRS (D) flip-f | op (st ati | na
A 2 RS zapaha s protifaznim urinim signalom
A primer spodaj reagira ob pozitivni fronti

Signal Na... Signal Value = |

0 ns 200 s 40,0{44999 ns
i " i 1 i " i "

P C

0 ofi e

1 0
1 0
0 E

,,,,,,,,,,,,,,,,,,,, ~Leome - Reagira ob pozit.

fron’“ CLK
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" A
2.2.2.3 Pomnilne celice Il

A Sinhronski D flip-flop( st ati | na pomni | na
2 RS zapaha s protifaznim urinim signalom

primer spodaj reagira ob negativni fronti
https://g00.9l/328pKJ

ORT 27 Povzetki predavanj
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O _ Ponovitev T predmet RA

2.2.2.3 Pomnilne celice SRAM, DRAM

SRAM (Statilni RAM) DRAM (Dinamilni
pomnilnigka celica pomnilnigka cel |
Voo
T3:| Ii 4| |:T4 Naslovna linija (vrstica)
— — Tranzistor
—— Kondenzator C
. K T
Bitna linija (stolpec) GND
L

Bitna linija 0 Naslovna linija Bitna linija 1

http://www.falstad.com/circuit/e-dram.html
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Zanimivost |1NEGEGNE —— l
2.2.2.3 Pomnilne celice T SRAM & L] ot

SRAM (Statil ni RAI . . L
pomnil nigka cel i c:i Vi i
Voo —1 1 .;'P_:_ :-ﬂ'j [ E
o BL _‘|. | BL
l [ 1

(b)) G=tramsistor SEAM cell

row select 0

data in 1
‘ T5 T6 ’ write L._E/
t-
T1:| |:T2

_L dataout 1

Bitna linija 0 Naslovna linija Bitna linija 1

ORT 27 Povzetki predavanj E 2025, R.Rozman - FRI



Zan|m|VOSt _ W READ "1" " READ "0r
2.2.2.3 Pomnilne celice T DRAM

DRAM (Dinami/l ni
pomnil nigka cel i ce

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

o ] 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 ni voj i

A 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 |IZHOD - Output
(o, O
Vip=1 Vo =0
ViL=0 Von=1
/ masa ali ozemljitev (GND) = 0V

ozemljitveni ali povratni vodnik

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI
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2.2.4 Napetostni nivoji za

vi sok

in nizek

l ogi |l ni ni vo

2. 2. 4

A Y
VHOD |ZHOD
1 . y 1 >V
HIGH {/ IH HIGH
\ 4 -
Gumn a VOHmin
VIHmi =l L imuniteta

Prepovedano
podr ol

ILma - Gumn a
0 " imuniteta
2V
ol T
owl gy

VOLmax“\\

Napet ostni

pr2!

I

I

oL

nNi voj I

V4 (V Input High): Napetost med vhodom
vezja i n maso, | e | e

V, (V Input Low): Napetost med vhodom
vezja i n maso, | e | e

Voy (V Output High): Napetost med izhodom
vezja maso, | e J e na

Vo, (V Output Low): Napetost med izhodom
vezja I n maso, |l e | e

OR1 271 Povzetki predavanj
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" JE
2.2.4 Napetostni nivoji za visok in nizek logilni ni vo

Napetostni nivoji za TTL vezja

A

VHOD IZHOD
SV Vce =5V
van Gumna i muddvt et a =
2,4V - 2,0V oziroma
0,8v-0, 4V v naj sl abg
3V T primeru
2,4V
2V —+
————— Vth = 1,3V preklopni prag
1V
0,4V
oV oV
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"
2.2.4 Napetostni nivoji za visok in nizek logilni ni vo

Napetostni nivoji za CMOS vezja 74Cxxx

VHOD IZHOD
5V Vpp = 5V
4,5V
4V + Gumna i mulvi teta =
v visokem stanju,oziroma
celo 1,17V v nizkem stanju
3V
————— Vth = 2,5V preklopni prag
2V —+
1V
0,33V
oV oV

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI



"

2.2.4 Napetostni

ni voji

za visok in nizek logilni ni vo

SV

4V

3V -

2V -

1V T

oV

Napetostni nivoji za CMOS vezja 74HCT in ACT

VHOD

2,0V

0,8V

|ZHOD

3,84V

0,33V

Vpp = 5V

Gumna i muQMirt et a
v nizkem stanju in 1,84V
v visokem stanju

oV

OR1 271 Povzetki predavanj
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2.2.4 Napajalne napetosti

A TTL: Vcc=+5V

A LV-TTL Vcc=+3.3V

A CMQOS
A C Vdd= +3V .. +15V
A HCT,ACT(TTL) Vdd= +5V (+-10%)

ATrend: niganje napajalne naj

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI



" M —

2. 2.5 Od DOrNOS tas

GUM. . negel
A lzvori :

A v sistemu (presluh, odbo]f/f

G 2 . it

A zunanji
Abrezgilni (EMC, o ~

Agi | ni (el . omreg
—— —>

Reflected Pulse Tranzmitted Pulze

AGumna i munitet a
ADoIoIanje po nalelu AWorst Case
A Pomembno tudi trajanje (<0.5t, )

ATipilno so razmere->precej bol j g
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(LV2) - Merjenje odbojev na liniji

Predmet VIN T meritve odboji

Primerjava: Simulacija (LTSpice)

Napefos! se & pravilno porazdeli, z

‘ SPICE Simulacije slik iz osciloskapa: UTP kabel, Rs= 50..550 ), R, = 1..500

Zakasnitvijo 1r se pofav fudi na zhodu.

Ro=100Q
RL,Rs=0,50,5000Q
2 Rs < Rp
0
;3?%’ Rs=50 Q
ps=-0.333

[0.5V/razdelek]

RL > Ry, Ri=5000
PL=0.666 (poz. odboj)

RL =R
©.=0 (ni odboja)

Primerjava: Meritve z osciloskopi

| Shike osciloskopa: UTP kabel, Rs= 50..550 02, R = 1..500 £2 (Rgan=50 0} UTP

Ru=1 00Q2
R.,Rs=0,50,5000
—h Rs < Rp
%g__/, Rs=50 Q
§§ Ps=-0.333
[1V/razdelek]

RL > Ry, Ri=5000
pPL=0.666 (poz. odboj)

ORT 27 Povzetki predavanj

Napatost so 2o praviine parazdol, 2 ]
- zakasnitviio 1 - se pofavi tudi na izhodu, )

RL=Ro
PL=0 (ni odboja)

¥

c
S P
>T '5_';”.\ 7T
4V Usso — {
() Td=220n 20=100 - R2
R 1 .
PULSE(0.0 5.0 200n 22n 22n 2400n)
Rser=0
T

.tran 2400n

RL < Ro, Ri=10
pL=-0.98 (neg. odboj)

Usiac = Uk RL/ (Rs+Ry)

Merilni tol ki

Rser Z,,d

q
Funkcijski  Rgen=50[ }

generator I:IJ'O*il’

.

/

Vsre i Us u
|
I — I
RL < Rg, R=10
pL=-0.98 (neg. odboj)
E 2025, R.Rozman - FRI




" .« Predmet VIN i meritve presluhi
Primeri meritev presluha i UTP kabel

m  Na sosednji parici (linija B) izmerite napetostne nivoje -
jeg Up(0,) = U,p(t) Na vhodu linije in L2 i
ni odb0|ev 248 mV brez zaklj. bI|Z|a stran 520mVv  brez zaklj. obe 336 mVv

£ | CUrSDrs RIGOL  T°D F 1.98U RIGOL STOP
: H : : 4 H : : wt :

8 (132384 .6ns  CHlz 1.86U [CHZ===1= 1] Time 1868.6ns B»280.

uD(l, t) = uyy(t) na izhodu linije,

£ @ 1.08 H —*Tj Fl%—’
S uy(x,t
| -‘Lu‘K(O,t) l WX 1) \ \ o |
Ig(X,t) TIx(xt) ) ) Lo Cin
—>
4 v
up(x,t)
& 1 j‘,_ )
- M = . -t :!
CH1= 1.80V (MZFE 200mU Time 1008.0ns ©»384.0ns
x =0
ORT 27 Povzetki predavanj E 2025, R.Rozman - FRI
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2.2.5 Odpornost prot. gur

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

TiI pl |l ne razmer ¢

5V \\ Vdd_=_5\’
. T hN
TTL vezja: IR |
R N threshold - G >V
AAln ~ 3.4V, . %i
il “ 1
Aprekl opni pra¢ ot—e——=> = 3V

Atip. Gl -04,3.41.3)VE12V3

CMQOS (TTL kompatibilna):
AAlA ~ 5V in AOA ~ 0OV
Aprekl opni prag pa tipilno
Ati p. GI1-25250NR2.5(5

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI




2.2.6 Obremenljivost digitalnih vezij (FANOUT)
Dol ol anje obremenl |jivost.

VWhen outputting "0" 04 mA VWhen outputting " 1" 2008
} }
:' Vce (+5V)
12mA | 0.4 mA 60 A | 20 pA
1 1 1 r—r D R
Vcc(+;I :D_ — _C N . anj . .
R v = 0.4 ma v - 20 i
U:ﬁd&:su -~ :D_ v =27V —FHA e

and lass CD— GND (OV)
—d

GND (0V) FANOUT — mln (I OL/ I||_1 IOH/ IIH )

\ stanje e0c¢ :

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI



2.2.6 Obremenljivost digitalnih vezij (F

ANOUT)

De f Kol i ko vhodoyv
TTL:
IZHOD (Max. vrednosti): R

T.p\Max
-0.4
74LS

|

8 0.4 TTL
74HCT -4 CMOS s
VHOD (Max vrednosti): FANOUT =

T|p\Max

0.04 stand. TTL breme
0.02 stand. LS-TTL breme
-0.001 0.001 CMOS
-0.001 0.001 CMOS

| ahko veg

Wioo [+5%))

stanje =0« stanje » 1«
R

GHD [0V /)7

min (Lor/ s lon/ iy )

tokvvezje
tokizwvezja

)

OR1 271 Povzetki predavanj
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2.2.6 Obremenljivost digitalnih vezi

Dol ol abmemealjivosti:

A TTL:
A T4 : min(lo /1, log/ iy ) =min (10, 10) = 10
A T4LS : min (Io /1, log/ iy ) =min (20, 20) = 20
A CMOS

Avhodi t okovn obrgmengjeoizhbda oa katerega so
pri kljul eni
A obstaja pa omejitev zaradi kapacitivnosti

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI



Zanimivost I

2.2.7 Povezovanje vezi | i

Potencialna neskladia:

Al ogi | ni napetostni ni voj i
A obremenljivost

A napajalna napetost

Ahitra, polasna vezj a

Regevanj e:
Apri |l agodi tve, vmesni ki , Z ameé

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI
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2. 2.8 Lasovni par ametr i di

Vi
Vi Vo
vhodna nopetost
YIHmin _ tpHL * tpLH
2
ViLmaox
+
Vo
izhodna napetost
VOHmin | — — — _ S 7
VoLmax |— — — | _ N
ty to tz tg! tsg tg 1
t[:JHL__ tpLH
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" M

2. 2.8 Lasovdgit.vegzipr amet r |

ZAKASNITEV VEZJA ( Bropagationt i még)

Al as, ki pretele od trenutka ko se
vezja, do trenutka, ko se ta sprememba odrazi na izhodu

OSTALI VPLIVI
A VPLIV KAPACITIVNOSTI:
A na zakasnitev vezja vpliva tudi kapacitivnost na izhodu vezja

~

A vpliva bolj na zakasnitev kot napetostne nivoje

A VPLIVPOVEZAV: vsl ed napredkatgnaonetéehuj en
Zzmanjgujemo dimenzijo tranzistor|]

A+ velj]ja hitrosttrandgl ovanja ( manj
A-sl abge | astnost. povezav (vel ] e
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Zanimivost
2.2.9 Neuporabljeni vhodi/izhodi

Pravila za neuporabljene vhode oziroma izhode:

A neuporabljen vhod v vezje:
ATTLINCMOS: mor a Dbi t | obvezno p

A cel element neuporabljen
A TTL: lahko nepovezan

A CMOS: neuporabljene celotne elemente v CMOS
vezjih moramo povezatina O ali 1

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI



Zanimivost [T
2.2.10 Katero drugino izt

Pravila :
APravilo izbire drugine:
Apriporola se CMOS
A HC

Al e potrebuj emoAChi tnroovset poddr ug
Al e povezuj emonasvelTpoddrugi ne s

A Pravilo izbire hitrosti:
AAravno prav hitroid ! ?
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Zanimivost T
2. 2.10 Katero

Texas Instruments: Logic Guide 2017
http://www.ti.com/lit/sg/sdyu00lab/sdyu00lab.pdf

drugino i

ALVC, AUC, AL, AVC, LVC, LT

CMOS Voltage vs. Speed

25

25-V Logic

ALVC, ALVT, AUC, AUP, AVC,
LV, LV T, LV-A, LVC

8

iy
3]
1

[}
!

Typical Propagation Delay, tpq (ns)
=)

CMOS Voltage, Vg (V)

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

1.8-V Logic

3.3-V Logic

AC, AHC, ALE, ALVG, ALVT,
AP, AVC, LV, LV-A,
LVC, LVT, LT, AUPIT

5-V Logic

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

5-V+ Logic

E 2025, R.Rozman - FRI
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http://www.ti.com/lit/sg/sdyu001ab/sdyu001ab.pdf

Zanimivost

2.

2. 10

B
Kat er o

Fairchild Logic: Logic Guide 2017

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

y/pdf/FairchildLoqgic.pdf

f.-.TI.I[:I.I Rise and Fall Time

ART

VT (B] 2w
VT (18] aaw
VX148 1w
VEX (18] 2w
WCRT(14)
ALV na
LICX (8] aaw
LCX [B]  asw
LCX [IE] aaw
LCX |16] (2sw
LS

AL

ACT

AL

ACTG

WHC

HC

HCT

FASTr

FAST

A5

ALS

i

L]

1A s

HL Edigs
WH Edge

18 g iF
157 22
21 =2
25 I
200 I ¥
.1 [ -~
24 ;¢
dnfl iz
L
26 I
17 —

* 24 lyeetion, Cioap = S0pF Bp=500 0

Bl s
BiPalar
LM

Croan = HpF

t 14412 funclion

Propagation Deley™

ECLFIOOK 115 oAmd
BCLIGOEL 11 odmd
& ] -
W | 9 sl
T | :r 15 g I n O I 2
744 1 38 [ &0
AET 245 A I =
374 an I 55
244 W0ES I <5
st 245 0as I T o
24 o - o
A% 245 75
374 o [l 120
244 w7 [l 20
FAST 245 0 I <
174 i [ 125
244 1 I -~
AL 243 12 N 11
374 K
LA sv123 410
L= 52125 Nk 28
F& 211 - e
e SP125 3020
LEv 244 ] 2
WCR® (16} 2da (23] 24
sy 244 0F| 21
244 A 3¢
ALYC 244 D23 ] 24
244 [iF| 21
LCX 14 244 s 2
HST ST bt oL
Hi 00 T -
244 a5 [ 75 B
ACG 245 5 I E-P\;I.w,.rm
374 LI
OIS
244 o [N oo
ACTO 245 = [ s
174 us o
244 iy X 5
VHC 245 i3 £
374 14 dno £
2d4 72l -5 E.
A 245 »o [ 100
374 ws Bl E
=
244 e fas E &
ACT 245 ol neo
154 NP I2s E é
244 10a [l 23 _ﬁ &
W 245 AN | T
474 141 g 13z
pa 25% I ' :
- ———
e 370 I 5
o 5 1 15 0 25 20 af o
Spaad (ral
R U PO PN

Oul[_'

ART

T
T
WA

YRS
VR[]

LK |8
LN (8]
L |1
LEX |14
v

ACT
ACQ
ACTG
VHC
HC
HCT
FAST
FAST


https://www.mouser.com/catalog/supplier/library/pdf/FairchildLogic.pdf
https://www.mouser.com/catalog/supplier/library/pdf/FairchildLogic.pdf

Zanimivost [T
2.2.11 Nalrtowm.rsigteamod n gr e
Video :

AComplete PCB Cycle Design to Production i
https://www.youtube.com/watch?v=bgBjub85TT4

Postopek :

A Zashova
A sestdeli, Al epilaid, tehnologija, d

ANal rtovanj e
A vezalna shema, razporeditev, povezave, PCB

A Gradnja
APCB, vgradnja el ementov, spajk
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Zanimivost [T
2.2.11 Nalrtowm.rsigteamod n gr e
Video :

AComplete PCB Cycle Design to Production i
https://www.youtube.com/watch?v=bgBjub85TT4

Nal rtovanje
A vezalna shema, razporeditev, povezave, PCB

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI
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Zanimivost
2.2.11 Nalrtowm.rsigteamod n gr e

A ANVorstCasei nal el o nalrtovan
Apodat kovndatasheessi ) ne ( A

A min, max,/tyﬁ,

Atipilne typfizmaemesf{ARA| o dost |

AVpliv povezovalnih gic
Avel)ja gostota, hitrost, ma
razdal jeé
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2 .

2 .

11

recommended operating conditions (see Note 3)

N a l

Zanimivost
rt ov a ASN&E400 n

gr

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

ORT 27 Povzetki predavanj
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" A Zanimivost
2.2.11 Nalrtowm.rsigteamod n gr e

Z naslova kttps://www.youtube.com/watch?v=NXvvlozK#

Z naslova kttps://docs.flux.ai/Introduction/whatis-flux---draft->

Zanimivo orodje ?

ORT 27 Povzetki predavanj E 2025, R.Rozman - FRI
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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 Nalrtowm.rsigteamod n gr e

Prikaz vpliva povezovalnih ¢i
Primer signala na koncu 2.5Gb povezave

Signal Transmission

111101111100000100000
— —

Received signal |
at far end of
line.

r threshold

400 ps/div
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Predmet VIN T 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

fo, =25 MHz

sig

-

: Izhodni signal
Fgg = 2.5 GHz {/\ | g
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2.3 Razvoj tehnologije

Neenakomeren po podrol jih, re
A2.3.1 Naragltanz) engtlvpll a

A2.3.2 Hitrost I n poraba, mol
A2.3.3 Naraglanje zmogl jji vost
A2.3.4 Razmerje med frekvenc:i

A 2.3.5 Pojav paralelizma
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2.3.1 Naragltamj engtlkivpdula
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

mohile SaC”)

are ARMé&4

100,000,000
50,000,000

AN u]KaQ <

Pentium 4

ium 4 \l:nlu
Pentium 4 W e

Pentium Il Mobile Dixo

niom

atn
i QARM Cortex-A9
7 an im Il Copperming

Pentium [l Ty

10,000,000
5,000,000

Pent \( Iu |

AMD Kb
Pre Q ol’lrntun. |f|'1r
- 0 et I-"“r

Kl

1,000,000 Intel £098%,  Fuono
500,000 T) Explorer's 32

Lisp mact

OOJ.M\

Intel
n,n

P
M ||\| itan

100,000
50,000

@ intel 80184
e <
o Q2 AR &

ARM 1

& o
NC4016

O AV
NN
Data source: Wikipedia (wikipedia.org/wiki/Transistor_count) Year in which the microchip was ﬁrst mtroduced

OurWorldinData.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

Naragl anj

Intel tehnologije (mikroarhitekture) :

Nar agltanz] engtlkevpula

e

gt

14 nm :
Broadwell
Skylake
Kaby Lake,

(2014)
(2015)

Coffee Lake (2017)

10 nm :
Cannon Lake
Ice Lake
Tiger Lake-11th
Intel 7:

Raptor Cove
Intel 4:

Redwood Cove
Intel 3:

Procesorji

(2018)
(2019)
(2020)

(2022)
(2023)

(2024)

OR1 271 Povzetki predavanj

tra

Sapphire Rapids
quad-chip module (up
to 60 cores and 112.5
MB of cache)!188]
Apple M2 Pro (12-
core 64-bit ARMB4
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)

nz. proi

bl

SOoOrazmer nao

AMD tehnologije (mikroarhitekture) :

14 nm :
ZEN

12 nm:
ZEN+

7nm:
ZEN 2

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

44 ,000,000,000—

48,000,000,000[189] 2023
40,000,000,0000719°] 2023
67,000,000,000[199] 2023
134,000,000,000!71 2023
82,000,000,000[191] 2023
Transistor count Yeal

(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 - 7
5 nm s e
5 nm e 7

5 nm (CCD)
& nm (10D)

Transistor
density
(tr./mm?2)

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.

Namenski sistemi

1

Nar agltanz] engtlkevpula
Primerjava vrst

i i i ErEE D Number of MOSFETs
Device ® Device ® Transistor LA Date 0'_- + Designer(s) # Manufacturer(s) ¢ —— # Area # density, # Year Component Name . TH
type name count introduction process trimm? (ln trl”lons)
Deep . '
Micron's V-
leaming | Colossus 2022 Flash memor — 5.3
engine/ | 502 235600,000,000 2018 Graphcore TSMC 16 nm ~800mm2 29,500,000 y NAND module
IPUlI
Wafer Scale
- 2020 any processor Engine 2 2.6
learning 5 nginel
engine ! Scale 1,200,000,000,000 2019 Cerebras TSMC 16 nm 46,225 mm? 25,960,000 o
Tore! Engine 2024 GPU Nvidia B100 0.208
Deep -
" Wafer Microprocessor
lear.mg Scale 2,600,000,000,000 2020 Cerebras TSMC 7 nm 46,225 mm? 56,250,000 2025 (consumer) Apple M3 Ultra 0.184
engine / Engine 2
IPU
Colossus Mk2
Network  NVLink4 . 2020 DLP PR 0.059
‘ " 25100,000,000 2022 Nvidia TSMC N4 (4nm) 294mm?  85370,000 —— GC200
switch NVSwitch
) 153,000,000,000 5 nm (GCD)
Aqua Vanjaram CDNA3 2023 | AMD TSMC ? ?
(MCM) 6 nm (MCD)
208,000,000,000
GB200 Grace Blackwell 2024 Nvidia TSMC 4 nm ? ?
(MCM)
GB202 Blackwell 92,200,000,000 2025 | Nvidia TSMC 4 nm 750 mm? 122,600,000
GB203 Blackwell 45,600,000,000 2025 | Nvidia TSMC 4 nm 378 mm? 120,600,000
GB205 Blackwell 31,100,000,000 2025 | Nvidia TSMC 4 nm 263 mm? 118,300,000
GB206 Blackwell 21,900,000,000 2025 | Nvidia TSMC 4 nm 181 mm? 121,000,000
GB207 Blackwell 16,900,000,000 2025 | Nvidia TSMC 4 nm 149 mm? 113,400,000
Navi 44 RDNA4 29,700,000,000 2025 AMD TSMC 4 nm 199 mm? 149,200,000
Navi 48 RDNA4 53,900,000,000 2025 AMD TSMC 4 nm 357 mm? 151,000,000
= Transistor
Processor Transistor count Year Designer(s) Fab(s) Area density
process Py
(tr./mm<)
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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 I n porabese

Povelevanje hitrosti del ovanj
A prva aproksimacija :
Anaragla | i near nofeaturezsimedn | g €
Ne velja zaradi :
Aslabganja | astnost. povezov:
Anaraglanja dinamil|lne porabe
Mo | = HKapab.breme x Napetost ? x Frek.preklopov

\ Faktor aktivnosti (clock=1.0,

obilajno 0.1)

Poraba moli se poveluje tudi zar ad
napetostih i zato nepotrebne dele izklapljamo !
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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}

OR1 271 Povzetki predavanj E 2025, R.Rozman - FRI



"

2.3 Razvoj tehnologije

2.3.2.2 Frekvenca ure ilnntmoll X$®drlada )l (

10,000 1 + 120
2000 200 2667 3350 3400
' 1+ 100
T 1000 + _
= Clock Rate 5q0 180 2
& g > : 77 e
g 100+ +60 =
: i & :
L5 12.5 +40 2
5 1w B—H &
1 20
| : g+ 0
€% E= & T8 _ ¢ S_wi-wos
28 23 58 EEcEET SE5 o352 ofc
8 5§52 Bc 258 228 583 3ER 898
T 65 528 5§28 3§ 08= 02T
1982-2004:
A 300x povrekl aa | e
A 30x povelanje moli (?22?2°?)

Kako je to -mogioga@&nj?e napajalne napetost
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Performance (vs. VAX-11/780)

2.3 Razvoj tehnologije

2.3.2.3 Naraglanje zmogl jjivost. proces

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 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

10 Intel Core 2 Extreme 2 cores, 2.9 GHz " 129

e L LR LR LT R AMD Athlon 64, 2.8 GHz == ;= snea sl o o SR S8 oo
,000 AMD Athlon, 2.6 GHz
Intel Xeon EE 3.2 GHz

6,681 7,108
6,043

1000 —----=-=--nm-smr-mnenoseneoooeno---.- Didtal AlghaSenver 6400 6575, 575 MHz 21264 e

100 prmmmsmremsmsmmmmmen e e L L ,

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

10 oo e
VAX 8700, 22 MHz

AX-11/780, 5 MHz

25%/year

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

1978 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-anal | z a

spl og

50 Years of Microprocessor Trend Data

T
10 F e P .
5 | b Transistors
P I S AT | (thousands)
A A“A AA .
5 | A aass o Single-Thread
10 | | ghaat 0% ® *® % Performance
| it et 3
104 | aa < .'u | (SpecINT x 10%)
o o 4 3:2#||*“‘ ‘...-“-l Frequency (MHz)
: A.
s ey +| Typical Power
10° SR S ‘...;g-llvv,"vﬂ'ﬁ" Y. :fz 3| (Watts)
L S a4 2 A2 Tf'___f_*_a_i ______ 23| Number of
10 A s v | * :‘3 *e **| Logical Cores
A A v Yy vy ; :
100 —s: ----------- e B oeee mmm::m ------------------------------ -
| | 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
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
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

2.3.3 Pojav paralelizma

Zakaj ?
V zadnjih desetletjih:
osnovna hitrost vezij (log.vrat) s e p?c&knate | a
e

gt. el ementov n%krall i pu s povel.

Ve | | erdkropracesorji (multiprocesorjimul t i r a] uaénl

Intel AMD Intel gy SunUta oo Ryzen i9-11900K  jo- Ryzen
| =
Procesor Core Phenom Il Core i7 Sparc T2 5900X (2021) 13900K 7950X
Power 6 . (09/2017)
Nehalem Thuban Gulftown Niagara 2 (2020) (2022) (2022)
Gtevilo jdder 6 6 2 8 10 12 8 8 16
Frekvenca
2,667 GHz 3,2 GHz 3,33MHz  4,7GHz 1,4GHz 3.3-4.3GHz 3.7-48GHz 2.55.3GH 2.25.8 455.7
ure
Mo | ( TDP)OOW 152 W 130w ~100W ? 84 W 140 W 105W 125W 125W 170W
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2.3.3 Pojav paralelizma

Poraba ?
Aé Dve jedri porabita man|j
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| & Output Input| 1 2 14 | Output
— &[] Processor — — S — o —
@ & | | Proc. & | | Proc.
o 04 o
f i !
f f
Capacitance =C Capacitance =1.2C
Vo|tage =V Voltage = 0.6V
Frequency = f Frequency = f
Power = CV2f Power = 0.432CV?f
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] F . 1ing at the Speed of Lig"t
| zbrane tehnol o@®E" N_0.V.0OS

Lightmatter pets that op
efficiency problem

FEA

A Q"aﬂtum 5 The Future of Deep Learning Is Photonic

ransfq
rm
Quangy,
m com
un ; Pt i
derp,ns Much t:lfrs will t“”b‘OChar . X
Modern teep, 9e the alg, rith New Optical Switch up to 1000x Faster Than
’ M that Transistors > “Optical accelerator” devices could one day
soon turbocharge tailored applications

pe
Edup fOl" the F Reducing the energy needs of neural networks might require
aSt Fou’.ie’_ computing with light

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
A Dodatna literatura :
AP. Bulil: Osnove digitalnih vez

AZapi sKki pri predmetu ORS (Organi:

A Podatkovna listina: sn741s00

A Prikaz nalrtovanja i n prmdukbknijlk
A Complete PCB Cycle Design to Production (4 min)
A 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
https://www.youtube.com/watch?v=cnAFTMaS5R0&ab_channel=GamersNexus
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