3&. =2l HOIE(Logic Gates@z}

OIH{H (1)

AND HI0| E(2)

OR A0l E(3)

NAND HIOI E(4)

NOR A0l E(5)

HH EF S -OR, HHEF = -NOR(6)
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OlH & (Inverter)
@

i )
|
0|5 > —_
|
_97 — P I
(a) Distinctive shape symbols (b) Rectangular outline symbols
with negation indicators with polarity indicators

OlH B
K| H

CIHHEH (1) 2



OlHH & (Inverter)

QI E HAk @

HIGH (1) — — HIGH (1)
LOW (0) LOW (0)

1 t z t

- -

[nput pulse Output pulse
Figure 3——2 Inverter operation with a pulse input.

OIHE EtO|Q & fnput |

Output

Figure 3—3 Timing diagram for the case in Figure 3-2. | |

CIHHEH (1) 3



OlHH & (Inverter)

CIDSIRCERD

ﬂH>|I
E_l
ol
=
m
o
0G
H
i
-J
ol
u

Input

Output

CIHHEH (1)



OIH & (Inverter)

- + 1 1 1 1 1 1 1 1 1 RN Y] 1 1 1 1 1 1 1 1 1 1
L= =] L=
1 1 1 1 1 1 1 1 1 RN Y] 1 1 1 1 1 1 1 1 1 1
Ol
o 1 1 1 1 1 1 1 1 1 [EEEN Y| 1 1 1 1 1 1 1 1 1 1
O | —
a | 1 1 1 1 1 1 1 1 1 RN Y] 1 1 1 1 1 1 1 1 1 1
o
2l
O |l=—_r
a|lo—— 1 1 1 1 1 1 1 1 1 [EEEN Y| 1 1 1 1 1 1 1 1 1 1
O | —
1 1 1 1 1 1 1 1 1 RN Y] 1 1 1 1 1 1 1 1 1 1
Ol=r—
0|
1 1 1 1 1 1 1 1 1 RN Y] 1 1 1 1 1 1 1 1 1 1
o | —
Tl M"”l_ o= 1 1 1 1 1 1 1 1 1 1 -1 1 1 1 1 1 1 1 1 1 1 1
a|l—1
o
o

Frequency |‘I ﬁ ||-':HE ﬁ =
Dty cyizle L

Amplitude  |2.5 =NIEE=
Offset 25  [= 1] |+

— Commian + Clocks per division E
» (" iw St Ti| 00000 = Q000  Clack g

T2
Feset| | T2-T1 Set... | Set..

External (®  Gualfier (8 | Gualifier (&

|
O OO0 NE

CIHHH (1) 5



OIH & (Inverter)

©
OIBIE{ Off CHEF =2l AL 4

A . Figure 3—6 The inverter complements
an input variable.

Binary number

| 1 0 1 0 0 0 1
0 0 1 0 1 1 1 0
1’s complement
Figure 3—7 Example of a 1’s complement circuit using inverters.

CIHHEH (1) 6



AND HOIE(AND Gate)

= =c| Jl=

s
o s

A A &
BE s
3] — B ——
(a) Distinctive shape (b) Rectangular outline

with the AND (&)
qualifying symbol

Figure 3-8 Standard logic symbols for the AND gate showing two inputs (A
NSI/IEEE Std. 91-1984).
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AND HOIE(AND Gate)

AND HOIEZ2| A AL

HIGH (1) —
LOW (0) —

HIGH (1) —
HIGH (1) —

LOW (0) HIGH (1)

LOW (0) — LOW (0) —
LOW (0) LOW (0)
LOW (0) — HIGH (1) —

Figure 3—9 All possible logic levels for a 2—input AND gate. Open file F
03-09 to verify the AND gate operation.

AND HIOIE(2)



AN

D HIOlE(AND Gate)

AND HOIE S| &l¢]

rd
Input A Input B Output X
Low (0) Low (0) Low (0)
Low (O) High (1) Low (O)
High (1) Low (0) Low (0)
High (1) High (1) High (1)

S

AND HO0IE(2)



AND H Ol

(AND Gate)

AND HIOIE Q| A A

| |
| |
A ] 0 ] | | 0 |
| | | |
, | , | | |
| | : :
| |
B | I | | | 0 ! 0 :
| : : | i i
| | | : : :
| | |
|<—t]—>|<—t2—>|<—t3—>|<—t >l —»!
, | , (" 2 " 5
, , | | | |
| | |
| |
| |
X 1 0 1 a8 B |

Figure 3—10 Example of pulsed AND gate operation with a timing diagram sh

owing input and output relationships.
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AND HOIE(AND Gate)

AND AHOlE2| Et0lE &=

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

L

Clacks per division E

Stop T1 00000 s a[u]u]n] -
= Clack. Trigger
T2 | 15.0500 ms (0003
Feset| | T2-T1| 130500 ms Set.. | Set... |
External (®  Gualifier (8 | Goalifier (8

AND HIOIE(2)



AND HOIE(AND Gate)

AND HIOIEQ| =clA ;

A —
X =AB
B_

(a)

O
s — ) x-anc

(b) (c)

il

} X =ABCD

S

Figure 3—14 Boolean expressions for AND gates with two, three,

and four inputs.

Input A Input B |Output X
0 0 0:0=0
0 1 0-1=0
1 0 1-:0=0
1 1 1-1=1

AND HIOIE(2)
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AND H Ol E(AN

=& 0l ; Enable/Inhibit &2 XtZ A 2] AND HOIE

‘<—IS—>|

T

Counter

Enable

-« ] s —»

Reset
to zero between
enable pulses.

A

D Gate)

©

Register,
decoder,
and
frequency
display

Figure 3—15 An AND gate performing an enable/inhibit function
for a frequency counter.

AND HIOIE(2)
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>
Za
U
b
-
|
P
Z

D Gate)

HIGH = On [gnition 35—

LOW = Off switch

HIGH = Unbuckled  Seat - Allldible
LOW =Buckled  belt C -

Timer Ignition on = HIGH for 30 s

Figure 3—16 A simple seat belt alarm circuit using an AND gate.

AND HIOIE(2)
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OR HIOIE(OR Gate)

D> el
X X
B B —

(a) Distinctive shape (b) Rectangular outline
with the OR (= 1)
qualifying symbol

Figure 3—17 Standard logic symbols for the OR gate showing two inputs
(ANSI/IEEE Std, 91-1984).
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OR HIOIE(OR Gate)

OR HOIEZ| AL

©

LOW (0) LOW (0)
LOW (0) HIGH (1)

LOW (0) HIGH (1)

HIGH (1) HIGH (1)
HIGH (1) HIGH (1)

LOW (0) HIGH (1)

Figure 3—18 All possible logic levels for a 2-input OR gate.

OR AHI0IE(3) 17



OR HIOIE

OR HOIES &le|l&

(O

R Gate)

Input A Input B Output X
Low (O) Low (O) Low (O)

Low (0) High (1) High (1)
High (1) Low (0) High (1)
High (1) High (1) High (1)

S

OR AHI0IE(3)
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O

A

X

3 Al O
OR HOIES] EA

ey
|
1 0 !0
! ! i |
| ! | : !
! ! | | !
| ]
I 0 | |
|
! . |
| | | | |
! ! | , !
| | | , !
| ! | | |
| ! | , |
| ! |
[t e 1
| ! l !
| ! | : !
| | | . I
1 1 0

Figure 3—19 Example of pulsed OR gate operation with a timing diagram
showina input and output time relationships,

OR AHI0IE(3)
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(OR Gate)

OR AlO]

©

il Kl 3—-6)

—— N e

Output X

When either input or both inputs are HIGH,

the output is HIGH.

=/

Gl 3-7)

20
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O

R A0

OR HOIESl E0lY &

[ 0000 AN

DDDDDDDDDDDD

|n:|
o

Clozks per division

Sto T1| 00000 = o000 -
= Clock. Trigger
T2 | 32,2000 ms |0026
Hesetl TET1 | 222000 ms Set... | Set..

Euternal 1®  Gualifier [ Cualifier &

OR AHI0IE(3)
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OR HIOIE(OR Gate)
OR HIOIEQ| =¢2|Al;

A A
) D)—x=ass BT) H>—x=arbeC
B C

(a) (b) (c)

S

%—X:A+B+C +D

(wig]e N

Figure 3—23 Boolean expressions for OR gates with two, three, and four inputs.

Input A Input B |Output X
0 0 0+0=0
0 1 O0+1=1
1 0 1+0:=1
1 1 1+1=1

OR AHIOIE(3) 22



OR AHIOIE(O

SE 058 3= ALE

Open door/window
Sensors
HIGH = Open
LOW = Closed

R Gate)

il

il

e

Alarm
circuit

il

Figure 3—24 A simplified intrusion detection system using an OR gate.

OR AHI0IE(3)
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NAND HOIE(NAND Gate)

Hh— A — A— &
_)o— X = X Dy
B B By —

(a) Distinctive shape, 2-input NAND gate and its (b) Rectangular outline,
NOT/AND equivalent 2-input NAND gate

with polarity indicator

Figure 3-25 Standard NAND gate logic symbols (ANSI/IEEE Std. 91-1984).
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NAND HOIE(NAND Gate)

NAND HOIEZ| A4

LOW (0) —
LOW (0) —

LOW (0) —
HIGH (1) —

HIGH (1) HIGH (1)

Y Y

HIGH (1) —} HIGH (1) —

HIGH (1)
LOW (0) — HIGH (1) —

LOW (0)

Figure 3—26 Operation of a 2—input NAND gate.
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NAND H Ol E(NAN

NAND HIOIEZ| &clH

Input A

Input B Output X

D Gate)

Low (O)

Low (O) High (1)

Low (O)

High (1) High (1)

High (1)

Low (0) High (1)

High (1)

High (1) Low (0)

NAND HIO0IE(4)
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NAND HOIE(NAND Gate)

NAND HOIE . M

of BEA HA |
EX 3-9) =

I
I
I
l
|
I
I
|
|
|

x L1 L L1 L]

— —
A and B are both HIGH during these
four time intervals. Therefore X is LOW.

S S ) S
£X 3-10) ———

NAND HIO0IE(4)



NAND HOIE(NAND Gate)

NAND AHIOlE2| EtO[E &

-“~ Logic Analyzer

aaao WA
BRI '
Iy o))

O
O
O
ol
O
Ol
O
O
O
O

Clocks per division [16
Stap T1 [ 14.3000 ms [[o02E] | 00 P TR
T2| 52.5000 ms ||:u:|24
Feset T2-T1| 222000 ms Set... | Set...

T
External (%  GEualifier (% Gualifier (%
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NAND HIOIE(NAND Gate) -

NAND HOIES sIt4

> =

NAND Negative-OR

Figure 3—29 Standard symbols representing the two equivalent operations
of a NAND gate.

NAN D }” Ol E Input A Input B IOquu‘r

X
O =2|Al; 0 0 0-0=0 =1
— [ - b — —
0 1 0-1=0=1
1 0 1:0=0=1
1 1 1-1=1=0

NAND HIO0IE(4) 29



NAND H O]

=& 0l ; (GlAN3-11) cll &

E (NAND Gate)

+V
Tank A
/ Level sensor
HIGH N
LOW Green light
HIGH indicates both
tanks are
Tankc B greater than
1/4 full.
Level sensor

NAND 0] E(4)
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NAND H O] i(NAI\D Gate)

=2 0l ; (WA 3-12) dIe 2= AIAHE

=0i = 3 J§ &30 S
MHC v HE O] oLl
A= 2 Kot DA & Y
[F—
HIGH
HIGH
LOW Red light
Tank B Y indicates
one or both
tanks are less
[]— than 1/4 full.

NAND HIO0IE(4) 31



NAND HOIE(NAND Gate)

(Gl Al 3-13) £-0OR(Negative—OR) 4 212 NAND HIOIE @
Bubbles indicate
active-LOW inputs.

A
[ [
[ [
| T i
|

B|| | A
I
i ni : .
cTr RN &
[ I (I
L b R
D | | L :_I_
[ | . [
I | . o
I I [ [
I I | I
| | |
| | |
I | :
b 4.0  ded a4 L1 1.1
X -
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NOR HIOIE(NOR Gate)

A A A — >
:Do—x = X Ny
B B B ——

(a) Distinctive shape, 2-input NOR gate and its NOT/OR (b) Rectangular outline, 2-input
equivalent NOR gate with polarity indicator

Figure 3—33 Standard NOR gate logic symbols (ANSI/IEEE Std. 91-1984).
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NOR HOIE(NOR Gate) S

NOR HOIE2| A AL

LOW () LOW ()

HIGH (1) [LOW (0)
LOW (0) HIGH (1)
HIGH (1) D_ HIGH (1) :[>O—

LOW (0) LLOW (0)
LLOW () HIGH (1)

Figure 3—34 Operation of a 2—input NOR gate.
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NO

R HIOIE

(NOR Gate)

NOR HOIEZ| &2l

Input A Input B Output X
Low (O) Low (0) High (1)
Low (O) High (1) Low (O)
High (1) Low (O) Low (O)
High (1) High (1) Low (0)

S

NOR HIOIE(5)
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NOR HOIE(NOR Gate)

NOR HI0I E
O WA Of A
EX 3-14)
EX 3-15)

A

X

A |

B_ 1| [
c L] L
x| —

NOR HIOIE(5)

36



NOR H Ol E(NOR Gate)
NOR JH0IE 2| EHOl2! &

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

0.0000 < Sooo . ocks per division
38,2000 ms |DDDE oe =
- 28,2000 s
aternal (# ualifier
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NOR HIOIE(NOR Gate) -

N%C;TSIOIEEI D — :Di

NOR Negative-AND

Figure 3—37 Standard symbols representing the two equivalent operations
of a NOR gate.

NO R }l Ol E Tnput A Tnput B IOu’rpu‘r X

o =elAl; : 0 ] o-0-0H
0] 1 0+1=1=0
1 0 1+0=1=0
1 1 1+1=1=0
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NOR HIOIE(NOR Gate)

=& 0l ; (A 3-17) HE JI0 HEH & AAE

©

+V

Landing gear sensors
Red LED

X Gear retracted

® Q

Extended = LOW
Retracted = HIGH

Green LED
X All gear extended

NOR HIOIE(5) 39



NOR HOIE(NOR Gate)

SZ 0l ; (oAl 3-18)
£-AND(Negative—AND) 4 &= NOR HIOIE

©

i
| |
. |
B | A
; B —oO )7)(
| | C —O
— |
C |
T
_I |
D |
| |
| |
| |
| |
X -

NOR HIOIE(5) 0



XOR, XNOR A Ol &

BHEIAE-OR HOIEZ2| H= =2l Jl=

A —\ X A
B — B

(a) Distinctive shape (b) Rectangular outline with the XOR
qualifying symbol (= 1)

Figure 3—41 Standard logic symbols for the exclusive—0OR gate.
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XOR, XNOR A Ol &

©

XOR HIOIE 2| AL

LOW (0) ——
LOW (0) —

Y

LOW (0) —
LOW
OW (0) ST D— HIGH (1)
HIGH (1) —\D_ HIGH (1) —\D_
LOW (0) — HIG G HIGH (1) —— LOW (0)

Figure 3—42 All possible logic levels for an exclusive—0OR gate.
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XOR, XNOR A Ol &

XOR HIOIEZ| &2l &

A B Output
Low (O) Low (O) | Low (O)
Low (O) High (1) | High (1)
High (1) | Low (0) | High (1)
High (1) | High (1) | Low (0)

XOR, XNOR HIOI£(6) 43



AR A

=2 0l (WA 3-19
HESL&6t= ot
o HIGH
Circuit A
Circuit B 2l

XNO

R HIOIE

A&l

-

O

& 3= Al

= e =0A2 L& B2

D— HIGH (indicates failure)

XOR, XNOR HIOI£(6)
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XOR, XNOR A Ol &

BHEFAE-NOR HOIESl & =2| Jl=

A A =1
e~
B & B &
(a) Distinctive shape (b) Rectangular outline

Figure 3—44 Standard logic symbols for the exclusive—NOR gate.
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XOR, XNOR A Ol &
©

XNOR HOIE 2| &4t

HIGH (1 LOW (0
LOW (0) —/ & HIGH ( —/ ©)
HIGH (1) _\Doi HIGH (1) —\Doi

LOW (0 HIGH (1
LOW (0) —7 o HIGH (1) — ()

Figure 3—45 All possible logic levels for an exclusive—NOR gate.
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XOR, XNOR A Ol &

S

XNOR HOlE< XNOR AHlIO|E2]
S HA HA
A B Output AR (L N ) '
Low (O) Low (0) | High (1) |

S . B

Low (0) | High (1) | Low (0) —

High (1) | Low (0) | Low (0)

High (1) | High (1) | High (1) AR A R

XOR, XNOR HIOI£(6) 47



XO

(Ol &I 3-20)

e

I | |
| | |
B : : |
1 |
| | ! | ! ! |
| I | | | |
| I | | | |
| I | | | |
| I | | | |
| | | | ! |
i
XOR |
|
— |
|
XNOR I
|

XOR, XNOR HIOI£(6)
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Input bits  Output (sum)

(without 1 carry)

Figure 3—48 An XOR gate used to add two bits.

XOR, XNOR HIOI£(6)
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