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Dnes sa nau¢ime

« Pochopit, z €oho staviame logické ¢leny

« Rozdiel medzi mechanickym a elektronickym spinacom
« Ako funguje tranzistor

« Dozvediet sa ako sa vyraba integrovany obvod

« Ako je to s rychlostou a ako kreslit ¢asové diagramy
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Otvoreny v kfudovom stave
Zatvoreny v kludovom stave
Jednopdlovy vypina&
Striedavy prepina¢
Dvojpdlovy vypinad

NO — Normally Open
NC — Normally Closed

SPST - Single Pole Single Throw
SPDT - Single Pole Double Throw
DPST — Double pole Single Throw

A
o

Dseet = o
_SQ\,#NE_ - SW_

SPDT

1 >z
SW_DPST

striedavy prepinaé dvojpdlovy vypina¢

tlacidlo jednopdlovy vypina¢
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1. Cievka (coil)
2. Kotva (armature)
3. Kontakt (contact)

Source: Wikipedia
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Source: Wikipedia
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nason MINI-ISO C LAYS
h : AUTOMOTIVE RELAY B RELA
ideas for life
FEATURES TYPICAL APPLICATIONS
*This relay has an Mini-ISO * Automobiles
(International Organization for Headlights, Cell motors, Air conditioners,
Standardization) terminal ABS, EPS, etc.
arrangement. + Construction equipment
+ Relay is compact and high capacity « Agricultural equipment. Conveyor,
'y d (40 A). etc.
‘Compact form factor realized with space
saving 22 x 26 mm
small base area thanks to integrated
bobbin and base constru atures
high switching capacity of 40 A
Faaciereics Vo | Factons 1742 o 500 H Wi, 641 1056
[ Desrucine 70 iz 1o 2,000 FE Min 44,9 {150 ST RERSIR #ach direclions X_¥.Z drection. 4 hours.
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M 107 fat 120 cpem)

At = T -a5G 1
Hamidly: 5 o B5% RLH. (Nok reeiing and condensing o fow krmperaurs)
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Claude Elwood Shannon Theseus (1952)
*30. aprila 1916, Michigan Maze-SoIving Mouse

1 24. februar 2001, Massachusetts

— profesor na MIT

Kybernetika, Tedria informacie, Entropia
Symbolicka analyza zmeny a spinacie obvody
Bell Labs Inc. - reléova logika

Minivac 601

A anon |

-

Source: Wikipedia, http://cyberneticzoo.com
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Source: http://cyberneticzoo.com

Elektronka

ENIAC (1946)
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@no * 17 468 elektroniek
- Virevny drit (v rieke) h =-1‘25$ g(‘% [X
& T 2 Evriny ’ ?[x 0,9 x 3% m
@ % — Anida (vovovy valec) + $487.000
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Source: Wikipedia

Source: Wikipedia
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Tranzistor

. i
Bell Labs
John Bardeen

Walter Brattain
William Shockley

Nobelova cena 1956

Intosh Laboratory

Source: Wikipedia
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Tranzistor

© Computer History Museum

- - i . Source: Wikipedia
1939: William Shockley (AT&T's Bell Labs) myslienka nahrady elektroniek

1947: Shockley -> John Bardeen and Walter Brattain prvy realny tranzistorovy zosilfiovaé
1956: Nobelova cena pre vietkych troch
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Tranzistor

© Sparkiun
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Building A Transistor
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Tranzistor bipolarny, NPN

Bipolarny — vyuZiva ako nosice elektrony aj diery

frole B

[
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Kolektor
COLLECTOR

Emitor
EMITTER

Pol'om riadené tranzistory (unipolame)

FET — Field Effect Transistor
MOS Metal, Oxid, Semiconductor — technolégia

MOSFET - zékladny typ pouzivany v integrovanych obvodoch

Nosi¢ naboja je len jeden
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Metal
Oxid

Semiconductor
(kremik — Si)

Metal Oxid Semiconductor (MOS)

Tranzistor PMOS a NMOS (MOS tranzistor s kanalom P a N)

- o Drain
—l ' Source J
ﬂ% | Gate ‘J J .
] Gate
- ° :
1 Drain e
pchannel
. Desin (01
Sourc
|
adld o |
L
nctanet

G - gate / hradlo
D —drain / kolektor
S —source / emitor

* historicky najstarsia technologia
* nizka rychlost
214 zlutitetnost s TTL (bipolarnymi) obvodmi

rychlost je vySsia
Zlutitelné s TTL
wyssie straty


https://micro.magnet.fsu.edu/electromag/java/transistor/

!z) Aranaichr 2epmd’ (1]
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Technolégia CMOS (Complentary MOS)

CMOS Invertor vdd

Basic Structure of CMOS

Vyhody:
minimalizované straty
Zlucitelné s TTL
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Integrovany obvod

12.9.1958
Americky fyzik Jack Kilby vytvoril prvy
integrovany obvod na jedinom Gipe
@ Texas Instruments.

2000 - Nobel Prize in physics
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NAND technolégiou CMOS

Truth Table

wlelele]=
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Integrovany obvod

Name s Signficaton s | Year » | Transistors numberi/| s Logic gates number'“® o
smallscale integration | 1964 | 11010 11012
medium-scale intsgration | 1968 | 1010500 )
[(e) | orgs-scoisinmegraton 1971 | 50010 20,000 10010 9,999
VLS| | very large-acale integration | 1880 | 20,000 1o 1,000,000 10,000 10 99,989
ULS! | utra-targe-scaie insgration | 1984 | 1.000.000 and more 100.000 and more
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https://everycircuit.com/circuit/5747025316151296/cmos-nand
https://everycircuit.com/circuit/5747025316151296/cmos-nand
https://everycircuit.com/circuit/5747025316151296/cmos-nand

Moorov zakon

Gordon Moore

spoluzakladatel firiem Intel
a Fairchild Semiconductor

Moore's law is the observation:

The number of transistors in a dense integrated circuit doubles
approximately every two years (1965)
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120 Years of Moore’s Law

MECHANICAL nELRY G TRANSISTOR. INTEGRATED CREUT

Cakulations per second per constant dollar

g 0 P91 1915 oy oy Ty Yoo Toag Mes Vg sy g ey Yo Pooy Mooy Yo Mg Py oy S Foup 01 Sy

Moorov zakon
Ak by sa rovnako rozvijal automobilovy priemysel:
300 000 km/h 850 000 km / liter 0,04 $/ks
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Moorov zakon

Transistor count

2,600,000,000
1,000,000,000-

100,000,000

10,000,000

1,000,000

100,000

10,000

2,300

7400

TTL (Transistor-Transistor-Logic)

Integrovany obvod 4x 2-vst. NAND

Technolégia SSI — obsahuje cca 16 tranzistorov a dalsie suciastky
Cena cca 0,30 $ ale bola aj 22$ r. 1965

o years

curve shows transistor
t Soubing avery

1971 1980 1990 2000 2011

Ak by sa automobilovy priemysel rozvijal rovnako
ako pogitacovy, aka by bola rychlost dnesnych aut?

—
EAIRCHILD
SEMICONDUCTOR

DM74LS00

Quad 2-Input NAND Gate
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Nie Inte! Core 5-7400 Quad-Core, 3,0 GHz (65W).
TurboBoost 3,5 GHz, Iiel HD Graphics 630 (1000
MHz), 6 MB L3 cache, socket 1151, Kaby lake 14 nm
182,-USD Tranzistorov: 750 000 000
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Physical Dis

TTL obvody: logické
o/
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https://www.falstad.com/circuit/index.html
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate
https://everycircuit.com/circuit/4806663265714176/ttl-standard-nand-logic-gate

Logické Garovne CMOS o

log.0 =
log.1 =

Ak Jo Voo <6.0V) “W
u

0,0 az 0,3xVpp
0.7xVpp 8z Vip

log. 0 je 0,0 8% 1,5V N N ]
15 e iy " -
log. 1 je 3,522 5.0V d B C
o o — l
Okrem 5,0V pouziva CMOS aj o @ o o °
Vpp = 3,3 alebo 1,8 V a pod. SVTIL 5V CMoS 33Vt
== -~ Standard TTL: ABT, Rail-to-Rail 5V WLWIT.L
AHCT, HCT, ACT, HC,AHC, AC, LY-A LVC,ALVC
bipolar, LVIT, LvaT WVIT et WA AN
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Zakmity / glitch
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Casové diagramy
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Oneskorenie

Syt

Switching Characteristics.
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Spajanie vstupov a vystupov
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57 58

oproti mechanickému spinacu.

s I 1 'g{‘"oc Ako funguje tranzistor, aké ma vyhody Zhrnutie 1 '3

. CiS'iCOVé Ioglka (0,1, De Morganove pravidla)

Rozumiemavedel ~ Pochopilsomto  Pochopil, ale Dnes teda nic...
by som o aj vy- musim si to este » Logické €leny (NoT, AND, OR, NAND, NOR, XOR)
svetlit kamoSovi pozriet K L,
* Opis logickych obvodovV (schéma, tabulka, rovnica, K-mapa) s=¢.dka §re
o o0 0 . Analyza (schéma, tabulka, rovnica)
- o o= - . P P
* Syntéza (schéma, taburka, rovnica), Simulacia a realizacia
. Spl’nacie pI"ka (relé, tranzistor, TTL obvody)
59 60
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Chcem vediet viac...

John F. WAKERLY:

Digital design.
Stanford University : Prentice Hall, 2006.

Jean-Michel BERNARD, Jean HUGON

a Robert Le Corvec:

Od logickych obvodt k mikroprocesorim.
SNTL : Praha, 1982
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