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MC542

Circuitos Logicos

Flip-Flops, Registradores, Contadores

"Fundamentals of Digital Logic with VHDL
Design” - (Capitulo 7)
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Flip-Flops, Registradores, Contadores
Sumario

_atch Basico
_Latch RS
_atch D

Fllp Flops
- D, TeJK

Registradores
Registradores de Deslocamento

Contadores
- Assincronos
- Sincronos
- Modulo m
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Sensor

Circuito de Alarme

Set

Reset

Memory
element

On/ ﬁ

Elemento de Memoria Simples

A >o®

Alarm
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Elemento de Memoria com controle

Load *

Data Bé} ’ A {>oi—>c Output

TG1
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Latch Basico
Elemento de Memoria com NOR

Reset

SetiD ﬂ_a

Qual a tabela verdade?
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Latch Basico
Elemento de Memoria com NOR

Q, S R| Q; Q
0 0| 0/11/0 (no change)
—— 01| 0 1
10|10
" 1110 0
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Latch Basico
Elemento de Memoria com NOR
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Gated SR Latch

o!

Q(t+1)

Clkk S
0 x
1 0
1 0
1 1
1 1

Q(H (no change)
Q(H (no change)
0
1

X
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Gated SR Latch

1
Clk
0
1
R L
0
1
)
0
1 -
Q ) 21
0 .
_ 1 -
Q 21
0 -

—1s aql—
— Clk
— R Q b——
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Gated SR Latch com NAND

D,y N

Clk — -

=Dy

Ol

Qual a tabela verdade?
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Gated D Latch

D —¢ S
(Data) )&— ) a

Clk 9 ><

Clkk D Q(t+1) —ID Q
0 x Q1) B
L —cik a
1 1 1
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Gated D Latch

Clk

— » [ime
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Efeito do tempo de Propagagado

—> - tsu

Clk

tsu - fempo de setup
th - tempo de hold
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Flip-Flop D Mestre-Escravo

Master Slave
Q Q
D D Q m D Q S Q
Clock —cik Q clk Q Q
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Flip-Flop D Mestre-Escravo

Clock
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Flip-Flop D Sensivel a Borda de Subida

Das
Clock——*% / s
: 30 . P2 DO*

(9]
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Clock —¢ Clk Q— Q,

Comparagdo entre sensivel a
nivel e a borda

D Q— Q.
—3> Q— q,
Clock
D
Q,
Y
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FF D Mestre-Escravo
com Preste e Clear

Preset

Clock J_

2D
B

Il

Clear
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FF D Sensivel a Borda
com Preste e Clear

Preset

Clock

—
B Preset—(L
Do B
—>  al—
Clearg)

Clear



Reset Sincrono

Clear— b Q- a
D ——

Clock—> QT Q
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Clock

Flip-Flop Tipo T

-
-

Q(t+1)

Q)
Qb

ol
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Flip-Flop Tipo T
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Flip-Flop Tipo JK

}DQ .

2
Y
v

Clock
J K|Q(t+1)
00| Qb —J Q—
01| 0 —p
1 —1K Ql—
Q(t)
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Registradores

+ Conjunto de elementos de memoéria (flip-flops)
utilizados para armazenar n bits.

« Utilizam um unico sinal de clock
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Shift Register

Apresenta o seuinte comportamento:

b 1 0 0 0 0
t 0 1 0 0

0
t,, 1 0 1 0 0
0

ot
o O O
o
-
-t
-t
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Shift Register

In

Clock—t—

Ol
]

Vv

Ol

Vv

Ol

Vv

Ol
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Shift Register
com Carga Paralela

Parallel output

Serial o ) v " Clock
input Shift/Load Parallel input MO401
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Shift Register Universal

- Entrada Serial

- Deslocamento a Esquerda
- Deslocamento a Direita

» Carga Paralela

- Saida Paralela

+ Exercicio: Desenhe o Diagrama do Shift Register
Universal de 4 bits.
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Contadores

- Assincronos

- Sincronos
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Contadores

Contador Binario

) t 0 0 0
tt t o o0 1
b, t o 1 o0
t, t 0 1 1
g 4 1 0 0
t ¢+ 1 0 1
s t 1 1 0
t t 1 1 1
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Contador Bindrio - FF tipo T
Clock
— D
-
Q, \>
C
Q \3
QZ
Count O 1 2 3 4 5 6
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Contador Bindrio - FF tipo T

1<LTQ[TQ T Q

Clock

Contador Binario Assincrono
(up-counter)
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Contador Bindrio - FF tipo T
(down-counter)

Clock
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Contador Bindrio - FF tipo T
(down-counter)

1<LTQ[TQ T Q

Clock

Contador Binario Assincrono
(down-counter)
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Contadores Sincronos

Clock cycle Q o Q 1 Q 0
— Q1 changes
0 0O 0 O
1 0o 0 1 — Q 2 changes
2 0 1 0 @=«—e
3 o 1 1
4 1 0 0 -8 —o
5 1 0 1
6 1 1 0 -9
7 1 1 1
8 0 0 0 @a—e—
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Contador Binario Sincrono

Clock ‘
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Contador Binario Sincrono

Dt

ClockT

T

D
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Contador Binario Sincrono
com enable e clear

el DA DD
-1t

Clear | 1

ol
|
vV
—O
Ol
Y
—1—
ol
Y
—O
ol
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Contador de 4

bits com FF D

Enable b

Como determinar
as fungoes de
exitagdo de

/ Q Qo
Q
Q Q4
Q

cada FF?

1. Projeto por Inspegdo

2. Projeto de Maquina
de Estados Finitos
(FSM)

ViRRVARRY ?

Q 2
Q
Q Q3
Q
Output

Clock

carry
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Contador de 4 _— —)D_;O

bits com FF D D o
com carga U C_Q
paralela
)
) Dy lrg
¢ > p=
O =
DA
Do >D Q Q2
L —
_/
—) O
> B d
v
upy
Load MO401
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Contador Modulo
(exp. Mddulo 6)

Clock

%

Count 0 1 2 3 4 5 0 1
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Contador Modulo
(exp. Modulo 6)

.

Clock

Enable

DO Q0
D1 Q1
D2 Q2
Load

Clock
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Contador Modulo 6 com Reset Assincrono

Clock

Ol

Ol

}

ol

Da
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Contador Modulo 6 com Reset Assincrono

Clock
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Clock

Clear

Contador BCD

de 2 Digitos

}BCD0

J

1 —] Enable
0 — go Qy
0 — bl Q,
0 — 02 Q,
0 — D3 Qs
Load
Clock
Enable
0 — go 80
0 bl 1
0 — 02 Q,
0 — Dy Q3

BCD ,

=

.
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Contador em Anel
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Contador Johnson

S A D N

CIOCk 9 — ¢ * o o —
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Registradores em um Barramento
Data

Exterw—Y

Bus
<7 L 2
> > >
CIOCk_‘TT R -~ R Rk
R in R out in Rzout R’V’n Rkout
>
Control circuit
Function —)
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Registradores em um Barramento

RI,,

Clock

RlOMt

ol ©

R2,,

Rzout

ol O
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Registradores em um Barramento
implementado com mux

Bus

—>
m;,

Rkin |

Rk

Clock

Data

{LVL

Multiplexers /

=
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