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Valdomas perjungiklis — tranzistorius

FET - Field-effect transistor
MOSFET - Metal-oxide-semiconductor field-effect transistor

Santaka

Uztara _I _

IStaka
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Valdomas perjungiklis — tranzistorius

FET - Field-effect transistor
MOSFET - Metal-oxide-semiconductor field-effect transistor

UZztdra
Oksidas

Santaka Santaka

Uztura _I

Pagrindas

IStaka
Cyril Buttay [CC BY-SA 3.0]
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https://commons.wikimedia.org/wiki/File:Lateral_mosfet.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en

Valdomas perjungiklis — tranzistorius

FET - Field-effect transistor
MOSFET - Metal-oxide-semiconductor field-effect transistor

Santaka

Uztlra _I

IStaka
Dick Lyon [Public domain]
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https://commons.wikimedia.org/wiki/File:MOSFETs.jpg

Lauko ir bipoliariniai tranzistoriai

Santaka Kolektorius Kolektorius

Ustara % [ Bazé Bazé

IStaka Emiteris Emiteris
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Tranzistoriaus savybés

Vpp (+5V, +3.3V, ..)
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Du tranzistoriy tipai

40« A Al -

n-tipo tranzistorius p-tipo tranzistorius

Saulius Grazulis Tranzistoriai ir loginiai elementai Vilnius, 2020 5/35



N-tipo ir p-tipo tranzistoriy palyginimas

Voo (+5V, +3.3V, ...)

boold
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N-tipo ir p-tipo tranzistoriy apzvalga

Voo (+5V, +3.3V, ..) Voo (+5V, +3.3V, ...)
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Tranzistoriniy perjungikliy jtampos
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Tranzistoriniy perjungikliy jtampos

VDD VDD
o— Voo Voo
(Maitinimo (Maitinimo
_Zemé: 0V x itampa) Perjungiklis x itampa)
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Priesingos tranzistorinio perjungiklio jtampos
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Invertorius (loginé f-ja NE/NOT)

L: Zemés potencialas (=~ OV) L: O L: False
H: Maitinimo jtampa (5V, 3.3V, ...) H: 1 H: True

Ivestis | ISvestis  Ivestis | ISvestis  [vestis | ISvestis

L H 0 1 False True
H L 1 0 True False
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Istorinés loginés schemos: Apolono valdymo
kompiuteris

All AGC images: Wikipedia. Apollo guidance computer, (viewed 2020-08-10). All images
by NASA, public domain.
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https://en.wikipedia.org/wiki/Apollo_Guidance_Computer

Istorinés loginés schemos: Apolono valdymo
kompiuteris

Lunar Landing Module image: by Neil Armstrong
(viewed 2020-08-10). [Public domain]
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https://commons.wikimedia.org/wiki/File:Apollo_11_Lunar_Lander_-_5927_NASA.jpg

ISsklaidyta galia
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CMOS ventilis NE/NOT

Voo Voo
a— 0
H [ L L [ H
L S—— L ———
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NOT ventilis, sumodeliuotas Logisim

Logisim yra puiki programa skaitmeniniy jrenginiy
konstravimui ir modeliavimui.
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http://www.cburch.com/logisim/

Loginis elementas NE — priminimas

Ivestis | ISvestis  Ivestis | ISvestis  [vestis | ISvestis

L H 0 1 False True
H L 1 0 True False
Voo Voo
[ [
L [ H H [ L
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Loginis elementas NE — priminimas

Ivestis | ISvestis  Ivestis | ISvestis  [vestis | ISvestis
L H o 1 False True
H L 1 0 True False
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Loginis elementas NE — priminimas

Ivestis | ISvestis  Ivestis | ISvestis  [vestis | ISvestis
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Bulio funkcijos

Paremtos dviejy elementy Bulio algebra, arba
~perjungikliy/reliy algebra®.

B=1{0,1}
X---xXxB—B

oy

£ IRSCT Y Y Y FEF]

Augustus De Morgan

Claude Shannon

Photo by Konrad Jacobs,
reused with permission

Vilnius, 2020
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https://en.wikipedia.org/wiki/Augustus_De_Morgan
https://en.wikipedia.org/wiki/Claude_Shannon
https://commons.wikimedia.org/wiki/File:ClaudeShannon_MFO3807.jpg
https://en.wikipedia.org/wiki/George_Boole

Vieno argumento funkcijy skaicius

Ivestis | ISvestis
0 1
1 0

} 2 positions = 22 = 4 combinations

Ivestis | ISvestis
0 0 identity
1 1
Ivestis | ISvestis
0 1 NOT
1 0
Ivestis | ISvestis o
0 0 constant 0 flx)=0 —@
1 o R
Ivestis | ISvestis A
0 1 constant 1 flx)=1 1 —@
1 1
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Loginé funkcija IR-NE
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Loginé funkcija ARBA-NE

X=flAB) =

A
B | X
0] 1
1] 0
0| O
1| 0
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Loginé funkcija ARBA-NE

X=flAB) =

A
B | X
0|1
10
(O]
1| 0

Saulius Grazulis Tranzistoriai ir loginiai elementai Vilnius, 2020 19/35



Loginé funkcija ARBA-NE

X=flAB) =

B
0
1
0
1
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Loginé funkcija ARBA-NE

X=flAB) =
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Logineé funkcija ARBA (disjunkcija)
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Logineé funkcija ARBA (disjunkcija)

Saulius Grazulis Tranzistoriai ir loginiai elementai Vilnius, 2020 20/35



Dviejy argumenty funkcijos
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Daugelio jéjimy loginés grandinés

oNe)
— O
(oNe)
oNe)
oNe)
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Grandiné bet kokiai loginei funkcijai apskaiciuoti

X1 X3 Xn | flx1,Xx2,...,x,) konjunkcija
0O O 0 1 X1 X3 ... - Xn
0 1 0 1 X1 Xy ..." Xn
0 1 0 0 0
0 1 0 0 0
1 1 0 1 X1 Xg ... Xirl
1 1 1 0 0

Disjunkciné normalioji forma (DNF):

fxa, %0, x0) = XX .- Xn
vV 71X27n
V
Vo X]-X2:... Xn
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Pavyzdys: funkcijos XOR (grieztosios

disjunkcijos) sinteze

A B | X konjunkcija
0O 0|0

o 1|1 A-B

1 01 A-B

1 1|0

DNF: X = ABV AB
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Loginis ventilis IR-NE

X=flA,B) = AB

LB

K B
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Loginis ventilis IR-NE

X=flA,B) = AB
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NAND - universalus loginis ventilis
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Dualus ventiliai

— = O Ok
— O~ Ol
O O~ |kl
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Dualus loginiai elementai, De Morgano désniai

A-B = AVB} dualios funkcijos

B = 4B } De Morgano désniai

h yraduali f é:gf h(xy, X2, ..., xn) = fix1, %, ..., %)

Vilnius, 2020 28/35
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Dar vienas universalus elementas: NOR
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Pilna loginiy funkcijy sistemos

Superpozicija:

h(xi,...,xn) =flgi(xa,...,Xxn),.

ey Om(X, oy Xn))
Pavyzdys:

NOT(AND(x;, NOT(xz)) = X% =X VX = X1 V X,
€

Pilnos funkcijy sistemos (pavyzdziai):

{AND, OR,NOT} = {.,v, X}
{AND,NOT} = {, X}
{OR,NOT} = {v,X}

{AND,XOR, 1} = {, &, 1}
{OR,XOR, 1} = {v,®, 1}
{NAND} = {1}
{NOR} = {{}

(neminimali!)

Sheffer stroke

Peirce’s arrow/Quine’s dagger

Saulius Grazulis
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https://en.wikipedia.org/wiki/Sheffer_stroke
https://en.wikipedia.org/wiki/Logical_NOR

Uzdaros Bulio funkcijy klasés

Funkcijy klasés, uzdaros superpozicijos atzvilgiu:

@ Ti: iSsaugancios nulj:

£0,0,...,0) =0
@ T,: iSsaugancios vieneta:

S, 1) =1
© S: dualios sau:

S, %0, x0) = 30,5, ., Xn)
@ L. tiesinés:
SX1, %0, X)) = Ao © awxay @ - @ AnXn

@ M: monotoninés:
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Posto teorema

Bulio funkcijy aibé B = {fi, f2, ..., fa} yra pilna superpozicijos atzvilgiu
tada ir tik tada, jeigu:

@ joje yra funkcija, neiSsauganti nulio:
3fieB:fi¢To
@ joje yra funkcija, neiSsauganti vieneto:
3fieB:fi¢ Th
@ joje yra funkcija, neduali sau padiai:
dfieB:fi¢S
© joje yra netiesiné funkcija:
JfieB:fi¢L
@ joje yra nemonotoniné funkcija:

3ficeB:fidM
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“Apolono” valdymo kompiuterio ventiliai

SCHEMATIC

THIS SCHEMATIC IS REPRESENTATIVE OF THE
ELECTRICAL CHARACTERISTICS ONLY.

PHYSICAL CIRCUITRY IS ENTIRELY CONTAINED
WITHIN & MICRO NOR GATE FLAT PACK

iai elementai Vilnius, 2020 33/35
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Ka mes iki Siol pasiekéme ...
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Apibendrinimas

e Skaitmenines grandines galima aprasyti Bulio algebros
pagalba;

@ Bet kokia Bulio funkcija gali buti sukonstruota is pilnos
funkcijy aibés (zr. Posto teorema); loginés funkcijos NAND
ir NOR kiekviena pati sudaro pilna funkcijy aibg ir leidzia
sukonstruoti bet kokig logine granding;

@ Visas logines funkcijas gali realizuoti elektriniai
perjungikliai (pvz. KMOP lauko tranzistoriai);

@ Visus kompiuterio mazgus galima pagaminti iS valdomy
perjungikliy; Siuolaikiniuose kompiuteriuose kaip
perjungikliai naudojami KMOP lauko tranzistoriai.
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