Dalex \ Elektronik (EE2) SS

M3noa3BaHu U3TOYHHUIIA

0 Jlekummn Ha g-p PorenmaHn, YHusepcuteT — Kapncpye

o Jlekummn Ha a-p Knoc, YHusepcuteT — Kapncpye

o Jlekumun Ha a-p Kpokon, YHusepcuteT — Kapncpye

o Halbleiter Schaltungstechnik, Tietze u., Schenk Th.

0 http://www.elektronik-kompendium.de/sites

o http://www.eelab.usyd.edu.au/digital_tutorial/part2/hpage.html

Dalex \ Elektronik (EE2) SS
M3noa3BaHu 03HA4YCHUS
o Tema, KoSITO ce cpelLla 3a MbPBU MbT

0 Tema, KOATO BeYe e nosHaTa

¥}

Dalex \ Elektronik (EE2) SS

Jloruka

0 OCHOBHM NOrnyeckn pyHKUUM N 3aKOHU
0 PeanuanpaHe Ha fnormdecky enemMeHTm

0 KombGuHaumMoHHa normka

o lMpeBknoyBawa nornka
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Jloruka

Llen pasrnexgaHeTo:
O [a MOXe Aa 0TroBapsTe Ha Te3u unv nogobHu BbApoCK:

> Kak morat ga 6baat npeacraBsHu yucnarta’?

» Kowu ca ocHOBHWTE nornyeckn yHKuMn?

» KakBu Tpurepu nosHaBate v Kak yHKUMOHUpaT?

> Kaksu Tpurepu ce nsnonssart npu 6posuunte u peructpute?
» 3a KakBO ce 13nosnssaT komnaparopuTe?




Jlornuecko cbeTostHUE — bit (paspen)
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Jlornyecko ChCTOSIHUE Hampexenns
1 1a Bki. | High | BspHo 25.5V
0 HE n3ki. | Low | falsch 0..04V

Dalex \ Elektronik (EE2) SS

KomOuHamuu (ChCTOSIHYSA)

o C n 6uTa Moxe ga ce nNpeacTaBsT 27 CbCTOSIHUA

nZ=2 Bit | Bit | Cscrosi-
1 2 |ume
0 0 0
n Y4 0 1 1
8 256 110 2
16 65.536 1 1 3
24 16,7 Mio
32 4.294 Mio
Mpumep ¢ n=2
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[IpencraBsHe Ha KOMOHWHAITAN

o [OeownyHo npepactassHe (binary, ocHoBa 2)
Z,=2"-b +2"-b..2" b +27-b +2'-b +2' b,
Z,=..16:b,+8:b+4.b +2:b+1-b =32

Z,=bb b b, mit b ={0,1}

o LWecTtHageceTnyHo npeacTtassiHe (Hex, ocHoBa 16)

Z,=h-16"+..+h 16 +h 16" +h -16'+h -16'=316'"-h
Z,=hhhh mit h={0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F}

> lMpumep:

125, =0b01111101=0x7D=7DH

Dalex \ Elektronik (EE2) SS

I[BOI/I‘-IHa H IMCSCTHAaACCCTHNYHA CUCTCMaA

Decimal |Binary| Hex Decimal |Binary| Hex
0 00000 O 10 01010 A
1 00001 1 11 01011| B
2 00010 2 12 01100| C
3 00011] 3 13 01101 D
4 00100 4 14 01110| E
5 00101 5 15 01111 F
6 00110 6 16 10000| 10
7 00111} 7 17 10001] 11
8 01000 8 18 10010| 12
9 01001 9 19 10011] 13




Dalex \ Elektronik (EE2) SS

HpeI[CTaBSIHe Ha aHAJIOI'OBO HAITPCIKCHUC

L Z 2
1 8|7 . ™
6 Zg
ol-|5 =
7 Z4
3
11, —}
1
o] |o}{o; ;
0 3U, u u
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Konupane

0 [BomyHMTE Yncna gaBaT Bb3MOXHOCT 3a NpeacTaBsiHe Ha
ecTtecTBeHuTe vncna: 0,1,2... . NpeacraBaHeTo Ha He Lenu
yncna unu gpobHK YmMcna usmckeaT kogupaHe, KoeTo TpsioBa
Oa 6bae n3bpaHo M HanacBaHO B 3aBMCUMMOCT OT 3aJauuTe.

o BCD-kopg (oBovyHO KOOupaHa AeceTuyHa cuctema)

Xunsimn | Croruiy | Jlecernnu | Equannm

JleceTHYHO YUCII0 3 9 6 1

BCD ugucio 0011 1001 0110 0001

> B BCD kog undpuTte Ha egHO AeCeTUYHO YMCNo ce kogmpat
KaTo ABOWYHO YNCNO
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Otpunanue - “HE” (NOT)

= x1 X1 X1
fkct)=x1 4‘>97 CVMBOMHO O3HauYeHune
No| x1| f1(x1)
i A S N
0] 0] 1 :I — BpemeBa dyHkUmA
1111 0 B
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Kontonknus — “NU” (AND)

f2(x1,x2) = x1.x2

X1 X1.X2
x2 CVMBONHO 03HaYeHve

Ne| x1| x2|f2(x1,x2)

0j0j0] © 1 —

1ol 0 ‘ I 1 Bp! dyHKUMSA
2 1] 0 0 1 1

3 1] 1 1




f3(x1,x2) = x1.x2

f3(x1,x2)|
0/ 0|0 1
11 0] 1 1
2/ 1|0 1
3111 0
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X1 X1 %o
X1.X2
w CVMBOMHO 03HayYeHue

1l ™
7 Bpemesa yHKLMS

=
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Juztonknus — “UIJIN” (OR)

f4(x1,x2)= x1+ x2

X1+X2

Ne| x1| x2[f4(x1,x2) x2 CVMBOINHO O3HaYeHne

0| 0|0 0

110(1 1

2| 1|0 1 3

3l 111 1 i S — BpemeBa dyHKuuA
I —

5(x1,x2) = x1+x2

f5(x1,x2)

WIN|= O
ala|lo|lo
= |O|=~|0O

o|Oo | O
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X1 X1+x2
x2 CVMBONHO 03HaveHve

{1

{ [ 1 Bp DyHKUMSA

| I s
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HeennakBoct (XOR)

f6(x1,x2)= x16 x2
X1®X2
x2 CVMBOIHO O3HaYeHue

Ne| x1| x2[f6(x1,x2)

0/ 0|0 0

11 0]1 1 : — Bpemesa dyHKuus
2|10 1 loa m —

3|11 0
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EnnakBoct (XNOR)

f7(x1,x2)= x1® x2 x1 xt@x2

CUVMBOIIHO O3HaYeHue

Ne| x1 | x2 [f7(x1,x2)

] | — BpemeBa dyHkuus

alalo|lo
= 1O =0
= k=l
!

WIN|=|O
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3akonu Ha byneBata anredpa

Konronxkuus 3aKoH 3a NOTIbIIaHe
Y=XAX =X X =XX, X (X +X)=X
Jlnztonkuus X + XX =X
Y=X VX =X+X 3aKOH 3a MOBTOPEHHE
Orpunanne XX =X
y=X=/x X+X=X
KomyrariseH 3akoH 3aKOH Ha JOMBIHEHHETO
XX, = XX XX =0
X+X =X +X X+X=1
AcouuaTHBeH 3aKOH 3aK0H 3a JIBOHHOTO OTPHIAHHE
X () = (4% )% ®-x

X+ (%X )=(X+%)+X Teopema Ha Jle Moprax
JlucTpubyTHBEH 3aKOH XX =X +X,
X (X 4+X)=XX, + XX,

X+ XX = (X +X)(% +X)
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Jloruka

OCHO8HU flo2u4ecKu QoyHKUUU U 3aKOHU
PeanusnpaHe Ha Nornyeckn efieMeHT1
KombuHaunoHHa norumka

MpeBkntoyBaLa norvka

0O 0 0 D

20
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Peanuzanus

b Henacurena
lacuTeHa rotuka noruka

CMOS
Complemen-
tary MOS

HCMOS
High Speed-

TIL
Transistor-

ECE
Emitter-

IPEBKTIOYBAHE]
Koncymupana 10 nW 25 oW 10 mW 20 mW 25 mW
MOIIHOCT




S
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Peammmzammua TTL

+Ecc

X1. P yxix2
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Peanuzamusa TTL

+Ecc
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Peanuzamua TTL

+Ecc
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Peanuzamusa TTL

TYPICAL OF ALL OUTPUTS

- Vee
TTL
EQUIVALENT OF EACH INFUT ‘Lk
vee )
. % Rea ouTRUT
NPUT - ——
& y :
h 4 :
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Peanmuzamua CMOS

olUpp
A —tli I\
|.|=L = [
(]: :—l l‘
I Egg Eee
~ L7z | | >
X=00-d —oY=1 X -t Y X-10-
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Peammzaimma CMOS

Peamzammma CMOS

F
WPUTS |)—|
o F

ot

——a OUTPUT

e
7| =
2L

|

T

L —1
T

13 I_U

I3 Tl

cMos ]

I 7§
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Peammzammma CMOS

¢ T2 u.
n-Kanal B '-‘F--S 1 LA v,
al,

/ Saanal T ) L
r% [ p-Kanal 5L L._j” lL [ |

g

Transmission
Gate

CUMBOSHM 03HA4YeHNst
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Peamuzanug BiICMOS

X =0, T1,T3,T6 oTnyweHn

X =1,T2,T5,T4 otnyweHnn

+Eee +Ece *Eee
|
}:| T1L ‘[
_ s —KT
« K X
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Peanunzamusa ECL

T5

N

Y=X1+X2+X3

(-1.8V) Rt

(-1,8V) (-1,8V) (-0,9V)

Re
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Peasmzanusa ECL
1
R2 R3
T5 T6
| N
Y=X1+X2+X3 Y=X1+X2+X3
R1
E (-5.2V)
32
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Peannzamusa ECL

5 - (1,1V)
A
Y=X1+X2+X3 TT*
._K -Eon
x X1 -
SRV (13V)
(18V)  (-1,8v)

‘ R
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Peanuzanus
14-Pin Packages
L.J SUFFIX
CERAMIC DIP PACKAGE
CASE 632-08
ISSUE Y

JL..:_ . M\‘/
D 4r —alt— 4L
HloEponB|T[A G @lospon@]1e @
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Peanuzanus

1. DMENSINING AND TOLERANCING PTR ANSI
IHCH
1 DMEMEINL TOCENTER DF LEAD WHEN

& DIVENSIHE MAY NARRIOW 100,76 .00
WHERE THE LEAD ENTERS THE CERANIC
BOOY.

D SUFFIX
PLASTIC S0IC PACKAGE
CASE T51A-03
ISSUEF

I‘fl EDENENSUNNG AND TOLERANCING PER
l-—-—— i Y14 5L 1587
AAAAAAA T T CAlDeHe A DR DS NOT R
1

MOLD PROTRLLSION
M LAY

H
A MOLD BROTRUSION 01510 006)

r PER SIDE
Prr DIMENSICH 0 DOES NOT INCLUOE CAMBAR:
" y PROTRUEION. ALLOWABLE DAMERR
© . [ 25 p0mi| e @) BROTRLEIGN SHALL BF 0 137 006) TOTAL
1T ¢ | N ERCERS OF THE 0 DINENSION AT
—

R MAMIALAI MATERAL CORITICH.
—————— 4 WLLWETERS | incies
|l ¢ Ryds® I. / ~ple | T [

=== : )

. L

= T - ~
Fid —-”-—Dum K -\_M - -
[0 0| T|E @ A® K
. u
v
R
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Jloruka

0 OcHOBHU rlo2u4ecKU ¢hyHKUUU U 3aKOHU
Q PeanusupaHe Ha 5l02u4ecKuU efieMeHmu
0 KombuHauuoHHa noruka

o lMpeBknoyBawa nornka
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KomMmOuHaimmonsa jioruka

0 KomGuHaUMOHHUTE CXeMM HE CbAbpXaT NamMer.

O M3xogHuTe NPOMEHNMBU Ca €4HO3HAYHO 3aBMCMMU CaMo
OT BXOOHWUTE MPOMEHITUBMW.

0 KomMbuHaLMOHHMTE CXemMu ce onucBaT ¢ Tabnuum Ha
WCTUHHOCT unu ¢ 6ynesun ypaBHEHWS.

o Peanusupar ce c normdecku enemeHtn, ROM mnu
nporpamupyemu normdeckm enementu (PLD).

> Mpumepu: (ge)wmdpaTopu, MynTUNIEKCopH,
KoMnapaTopu, cymaTopu.




BLEEREREE]
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KomOunHarmonHa 1oruka Hemmudparop 1-ot-n (Dekoder)
A——— Newmdparop Nel A1/ AO||YO|Y1|Y2|Y3
Ay 1074 o[ 0| O|f1]0]0|0O
. . Tl
Xo Yo
— =3 T o
o] Komﬁ:ﬁ:o““a YOY1Y2Y3 3/ 1] 1]ofo |01
Xy —————— ——=n o
Ap— Iewmdpatop NelA1|AO|| YO Y1|Y2|Y3
Aop— 1074 0|0| 0011111
T T T T 2[ 1] of1]1 0]
YO Y1Y2Y3 311101011110
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BCD nemmudparop (Muaukarus) CenemcermenteH aetmdparop (Muaukarms)
5V X
+5V +5v ~ % o
.._"’ | Va. a L |— H ]
iﬂ—[’:} 1. olo__:::[:] : , % %
5 by — ' y °JF¢>+- "o
. do—_1 " g
o 2 - > y —e e L 5 : ' ! Aoz (A) n.tgz S
a—| e l ,-;] o H —1° | T Jl
a3 —elD §p— ~ o i [
H - H‘q 2 e,
0 oA 1
1K o r, ‘o
# )
S o
]
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Teunu kpuctanmu (LCD)

. '
S
d
I | [ npo3payHo
- .
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MynTumniaekcop /aeMyaTUILIEKCOp

A [ewwmdpatop
Ag— 1014
\-F—@ Yo Do)
L~
- oY, D)
Do—»
@ e o¥: @)
|~

—« ————0V: ;)
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MynaTumniaekcop /aeMyaTUILIEKCOP

ao—t ]
I

s &% )
V1D o—
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Jloruka

0 OcHOBHU rlo2u4ecKuU ¢hyHKUUU U 3aKOHU
Q PeanusupaHe Ha 5102u4ecKuU efieMeHmu
0 KombuHayuoHHa noauka
o MpeBknoyBawa noruka

11
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HpGBKJ’IIO‘-IBaH_Ia JJOTHKaAa

0 [MpeBknioyBalliaTa NorMka cbabpxa namer.

0 MNaxogHuTe NpoMeHnusn Y 3aBUCAT OT BXOOHUTE
npoMeHnnen X 1 OT CbCTOSAHMETO Ha cuctemara Z.

0 CbCTosIHMETO Cce 3anoMHsi NOOGUTOBO B TPUrepu.

0 OnucaHneTo cTaBa 4ype3 Tabnmum Ha NCTUHHOCT UNu ¢
BpemMmeaunarpamu.

o Peanusupa ce ¢ Tpurepy unu nporpamvpyemu norm4ecku
enemeHTn (PLD).

> Mpumepu: Gposiun, TakiMepu, NaMeT 3a AaHHU.

45

46
Dalex \ Elektronik (EE2) SS

IIpeBkiroUBaIIia JIOTUKa

X o—| — e YeXD)
i Kom6uHa- m
LUMOHHa
Z(t) norvka Zltrn) MameT 3a BbTpeLHO
n n cbCTOsHME

Clock
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Tpurepu

Q Q Q Q

— s [ —gs Q
— = b3 —gr b3

R s

R s

R S Qlﬂ atu ﬁ § QKM _Qlﬂ

0 0 Q Q, 0 0 1 1

0 1 1 0 0 1 0 1

1 0 0 1 1 0 1 0

‘NN KR EE 11 fe]

Jlornyeckun 3abpaHeHa
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RS-tpurep, ynpasisiad o HuBo (T)

Q Q
TC) | R S [ Qu | Qu
BRlofo]a Q,
— s | @
c fi 0 1 1 0
a
—® o— 7] 1 0 0 1
fl 1 1 1 1
R c s Jornyeckn 3abpaHeHa

12
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PazBurtue

TC) | R | S | Q| Qu

D-tpurep T-Tpurep
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D-tpurep, ynpasisiad 1o HUBO (T)
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T-tpurepu, ynpasisBaHu 1o GpoHT

D
Q D Clock Q
0 0 be3 npomsna
0 1 0
1 0 Be3s npomsna
1 1 1
Q
Clock
LU L
— P LT L
P o I N B
MpospayeH D-tpurep (D-Latch) t »
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Tpurepu, yrpapisiBaHu o GpoHT

D-Tpurepm (aByctbnanHa cTpykTypa)

—C o2 l»() —

W3nonseart ce npu peructpure

13



Tpurepu, yrpasisBaHu 1o 1Ba GpoHTa
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Master-Slave Tpurepu (JK-Tpurep)

T-Tpurepu
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T
C

Inel

Q

:

St T

EE P
2 P>ct
3 w1 {:);iz
B 11 a 1 | o
: im au iﬁ o TC) | K | J [Qu| Qu
njojojfal| q
ml|ol1 1 0
nl1lo]o 1
CJL ni1l1] ql q
Manonseart ce npu bposunte
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bpostun
Bposaun
I
[ I
ACUHXPOHHM CUHXPOHHU
Oposun Oposiun

bposiun
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Bposun

[BONYHK
(Binary)

,D,BOI/I‘-IHO-,D,eCGTI/I‘-IHI/I
(BCD)

14
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bpostun

Bposaun

Hanpen, Harope || PeBepcuBHU Hasag, Hagony
(Up) (Up/Down) (Down)
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Acunxponnu Oposiuu (Binary)

HIGH
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Acunxponnu Opostuu (Binary)

2t

@r]L___F_*} Fr F

S I B V. DI
o F ‘

D
0245 6 7R e NS0
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Acunxponnu Oposituu (BCD)

HIGH
= 2 Qs
CLK -0
K. 2
T
Clock Pulse | 03 (02 | Q1| Q0
3] ojojojao
1 (U] I (e
2 ojoj1 0
E] ojoJt 1
4 oj1]o]o
5 oj1]0[1
[5 {0 ) O G [1]
% oJT]T 1
[E] 17 6 [0
=] T10JO0] 1
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ACUHXpOHHH OpOsSTUn

PeBepcuBeH 6posiy
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CuHXpOHHHU OpOSTYU

T g s O I T i O s T
0% . 4 P <4 T 4
cogrt _ Il I [l AN L,

o:1 i 1 i .
Co0r0:1 7 1 __ L,
'G‘;'f ~ I i ¥
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Perucrop

Y [ .
2o H—Ti 0 o>, 22

e o e e
cx | F i F3 f

CLK Q‘ QJ QJ Q{
1 Dy m m =
2 D, D, - _
3 Dy b, Dy =
4 D, Dy D, Dy
5 Dy Dy Dy Dy
6 Dg Dy by Dy
7 D, Dy Dy Dy
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Peructop

SN
0

Q1 t

[1[]
"L O
R

Q4 t

[1[]
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