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Kolkokrat méze relé zopnut' kym sa pokazi?

Source: Wikipedia

Panasonic | e  EREENG) — Claude Elwood Shannon

i i *30. aprila 1916, Michigan

Ideas for Ilfe 1 24. februar 2001, Massachusetts
FEATURES TYPICAL APPLICATIONS ~ profesor na MIT
+This relay has an Mini-ISO * Automobiles " PR - .
(International Organization for Headlights, Cell motors, Air conditioners, Kybernetika, Tedria informacie, Entropia
Standardization) terminal ABS, EPS, etc.
arrangement. + Construction equipment Symbolicka analyza zmeny a spinacie obvody
+ Relay is compact and high capacity + Agricultural equipment, Conveyor,
(40A). etc. Bell Labs Inc. - reléova logika

Compact form factor realized with space
saving 22 x 26 mm .866 x 1.024 inch

small base area thanks to integrated s 2 s | Minivac 601
bobbin and base construction. Features B PR ot —
high switching capacity of 40 A |
haracterist i , «B: «0: @0 «} w@ DN g
characteristics [ yipration Functional 10 Hz to 500 Hz, Min. 44.1m/s? (456} © © 2 oC
Destructive 10 Hz 10 2,000 Hz, Min. 44.1m/s2 {4.5G}, Tire oT vibrationdlgr each direction; X. Y. Z direction: 4 hours -
Electrical (at noyinal switching capacity) Flux-resistant type: Min. 105, Segfled type: Min. 5<10¢ (Ope¥ating frequency: 2s ON, 2s OFF)
Expecied life =
Mechanical / \ WMin_10% at 120 cpm) /
‘Standard type; Ambient 4T +85°C 40 to +185°F, 1
Conditions for operation, transport and Humidity: 5 to 85% R.H. (Not freezing and condensing at low
i dnranat m : s dnman uno aroc

Source: Wikipedia, http://cyberneticzoo.com

Theseus: Elektrénka
Maze-Solving Mouse (1952)

Katédova trubica
/ Vyhrevny drét (v rirke)
- Elektrény

Dritena mriezka

1

Anéda (kovovy valec)

i
LA

Mriezka

Anéda | Ohrev

Katéda

Source: Wikipedia

Source: http://cyberneticzoo.com




Elektronka

ENIAC

: -r1. 1946
> - e 2 - 17,468 elektroniek
- SBE - P =150 kW
-m =27 000 kg
-24x09x30m
- $487,000

(ekv. 2016: $6,740,000)

¥ >
B P

Source: Wikipedia

@ minO:bit 2 Tranzistor

Ulohy na cviéenie:

Bell Labs

* Naprogramujte hru kamen, papier, noznice
* Naprogramujte aspon dve rozliéné logické funkcie
premennych A a B

John Bardeen, Walter
Brattain, a William Shockley

Nobelova cena 1956

* Naprogramujte tester reakc¢nej doby

Source: Wikipedia

Tranzistor Tranzistor
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Source: Wikipedia

1939: William Shockley (AT&T’s Bell Labs) myslienka nahrady elektroniek
1947: Shockley -> John Bardeen and Walter Brattain prvy reainy tranzistorovy zosiliiova¢
1956: Nobelova cena pre vSetkych troch



Tranzistor bipolarny Tranzistor
5V 5V

Vee

Vour

gpltector Control = 5V ~ ON
5~ 130 - 00K Control =0V ~ OFF =
Vi 1 {
R1
emitter 1kQ
GND GND
© Sparkfun

Tranz'stor unipolarny PMOS (MOS tranzistor s kanalom P)
- historicky najstarSia technolégia:

Sucasné pocitaCe vyuzivaju unipolarne tranzistory - nevyhody: nizka rychlost a zla zlu¢itelnost s TTL obvodmi
FET — Field Effect Transistor

Metal
b Vee
.d P
Oxi G B A S ource
T sae I
: -l
Semiconductor ®
s D rain

Metal Oxid Semiconductor (MOS) Néhrada: NMOS (MOS tranzistor s kanalom N).

Technologie CMOS (Complentary MOS)

Technolégia NMOS
° [ Vyhody: VDD

+ rychlejsie minimalizované straty
e zlugitelné s TTL P
+ zlucitelné s TTL

- Nevyhody: ,straty”
N

VDD

Logické urovne:

Out log.0 = 0.0V az 03*VDD. AkVDD=5.0V (0.0az1.5V)

Sourle N log.1 = 0.7*VDD az VDD. Ak VDD =5.0V (3.5az5.0V)
. Okrem VDD = 5.0V sa pouziva aj

VDD =3.3V a VDD =29V

Nahrada: CMOS



Totem pole

+53

vee

a)\ Tranzistor zopnuty (1)
na vystupe log. 0

@ Tranzistor rozopnuty (0)
na vystupe log. 1

Integrovany obvod Integrovany obvod

12.9. 1958
Americky fyzik Jack Kilby
vytvoril prvy integrovany
obvod na jedinom ¢ipe

2000 - Nobel Prize in Name ¢ sSignification & | Year ¢ | Transistors numberi*7] ¢ | Logic gates numberl#] ¢
physics ssi small-scale integration 1964 [1t010 1012

msi medium-scale integration | 1968 | 10 to 500 13t0 99

Lsi large-scale integration 1971 | 500 to 20,000 100 to 9,999

VLS| | very large-scale integration | 1980 | 20,000 to 1,000,000 10,000 to 99,999

ULS| | ultra-large-scale integration | 1984 | 1,000,000 and more 100,000 and more

Moorov zakon ) B Moorov zakon

o
2,600,000,000 S Core xeon 7400\ @i0-Core e Westmere-£X

16-Core SPARC T3

Gordon Moore 1,000,000,000-]
spoluzakladatel firiem Intel
a Fairchild Semiconductor 100,000,000
curve shows transistor
= 10,000,000 S SouGIngTavery o
8 o ro
s
R’ 1,000,000+
2
<
=
100,000 wozsce
Moore's law is the observation:
. . . o 10,000
The number of transistors in a dense integrated circuit doubles
approximately every two years (1965) 2,300 sccie enrone

r T T T J
1971 1980 1990 2000 2011



120 Years of Moore’s Law

VACUUM

MECHANICAL RELAY =

TRANSISTOR INTEGRATED CIRCUIT
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Ak by sa automobilovy priemysel rozvijal rovhako
7500 1905 1915 7915 192 1925 1935 1935 1945 1945 7955 1955 196, 1965 195 1955 198, 195 199, 1995 200, 2005 2010 2075 202, ako pocitacovy, aka by bola rychlost dnesnych aut?

Year Source: Ray Kurzwei, DF1

Moorov zakon 7400

TTL (Transistor-Transistor-Logic)

Integrovany obvod 4x 2-vst. NAND

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

Ak by sa rovnako rozvijal automobilovy priemysel:

300 000 km/h 850 000 km / liter 0,04 $/ks

Nie Intel Core i5-7400 Quad-Core, 3,0 GHz (65 W), TurboBoost 3,5 GHz, Intel 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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SEMICONDUGCTOR M

DM74LS00
Quad 2-Input NAND Gate

SN7400 SN7400
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Vnutorné zapojenie jedného NAND hradla



=3
s - - . . . =]
? Absolute Maximum Ratingsmots 1) ot T At o Physical Dimensions inches (milimeters) unless otherwise noted (Continued) =
—_— jote 1: The “Absolute Maximum Ratings” are those values beyond which
F | “Supply voltage he safety o the device cannot be quaraniced. The device shoutd not be 0100170 N
E | oo votage cperaed'a mece v T porameinc vaes cened n i i o S I
[=] Operating Free Air Temperature Range 0°C to +70°C The “Recommended Operating Conditions™ table define the conditions. [Z.gﬁ’ b4
Storage Temperature Range —6! for achusl devics operation. o
4
. e S
Recommended Operating Conditions N o
—_— NYAY »
Symbol Parameter Min Nom Max Units 5
» |Ves Suppiy Voltage 75 (R 535 v 3
2| Vi HIGH Level Inpul Vollage 2 v s
Vie LOW Level Input Voltage 08 v OFTION 02 =
Ton HIGH Level Output Current [ mA >
Tor LOW Level Output Current [&D) ™A s %
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Electrical Characteristics — -8
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Symbol Parameter Conditions Min max Units o o 00080015 1,
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0050015
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o =4 mA, Voo = Min 025 04 1-210-0254)
T Toput Current @ Max Input Vorage o1 A s
o FIGH Level Tnpuf Gurrent 2 A
T 'LOW Level Input Current —0.36 mA 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
IS Short Gircurt Output Current =0 700 ™A Package Number N14A
oon Supply Gurrent with Outputs FIGH o8 Te A
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Zbernice - obojsmerny V/V Zbernice - obojsmerny V/V
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Zbernice - trojstavovy vystup Zbernice - trojstavovy vystup
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Zbernice
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Zhrnutie

. CiS"COVé Ioglka (0,1, De Morganove pravidla)

* Logické &leny (noT, AND, OR, NAND, NOR, XOR)

* Opis logickych obvodov (schema, tabulka, rovnica, K-mapa)
. Analyza (schéma, tabulka, rovnica)

* Syntéza (schema, tabulka, rovnica), Simulacia a realizacia
* Spinacie prvky (e, tranzistor, TTL obvody)
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Ohodnot'te dnesSnu prednasku, prosim.

ool oje oe o ve
gt = -
1 2 >3 4 5

Chcem vediet’ viac...

Digital D¢

John F. WAKERLY:

Digital design.
Stanford University : Prentice Hall, 2006.

Jean-Michel BERNARD, Jean HUGON

a Robert Le Corvec:

Od logickych obvodii k mikroprocesorim.
SNTL : Praha, 1982




