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Biestaveis
Biestavel RS basico:

D .

b
S @_
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a) Circuito interno com portas NOT e NAND. b) Simbolo do Biestavel RS.
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Analise de funcionamento do RS basico:

Condigoes de “repouso” (mantendo estado):

Condigdes iniciais:

S=0 Q(t)=0
R=0

— Q(t+1)=7

‘,L{: '>D———-1 —‘> . 0— 0

_—\‘{J—@
i 1—

Biestaveis

Proximo estado?

AND

NAND

R |lr|lO|lO]>

Rl |O]W

OO |0

O|lr|Rr |~
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Analise de funcionamento do RS basico:

Condigoes de “repouso” (mantendo estado):

Condigdes iniciais:

S=0 Q(t)=0
R=0

— Q(t+1)=7

sL{: m_1_——> 00

_—\‘{J—@
s 1—1

Biestaveis

Proximo estado?

AND

NAND

R |lr|lO|lO]>

Rl |O]W

OO |0

O|lr|Rr |~
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Analise de funcionamento do RS basico:

Condigoes de “repouso” (mantendo estado):

Condigbes iniciais: Préximo estado? Condicdes iniciais: Proximo estado?
S=0 Q)0  — Qt+1)=7 S=0 Q(t)=1 — Q(t+1)=?
R=0 R=0

P 1-1 ] T 00
(a) A | B | AND | NAND (b)
o|lo]| o 1
o| 1] o 1
10| o 1
10 1] 1 0
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Analise de funcionamento do RS basico:

Condigoes de “repouso” (mantendo estado):

CondigOes iniciais: Préximo estado? Condicdes iniciais: Proximo estado?
S=0 Q(t)=0 — Q(t+1)=7 S=0 Q(t)=1 — Q(t+1)=?
R=0 R=0

34['}0____ } . Q S E}O } " 1—1 0

K Q 0
catlt 1—1 R 0 " >0 1 _../L 0—0

L
(@) (b)

Conclusoes: ) | Set | Reset | Q(t+1) | Obs: ~eo Q .
Mantém estado. S=0 0

0 0 Q) Nao muda.

11/03/19 & pag 6
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Analise de funcionamento do RS basico:

Setando o biestavel:

Condic¢bes iniciais:
s N

R=0 N .

1~ 0 a3 —

5 4‘ S>O0—— 1){
1- |22

0—

Obs: analise supondo que porta 1 € mais
rapida que a porta 2.

Biestaveis

Q

1— b, sz
0 1 EDEJ—H 0

: Proximo estado?
S=1 ‘ Q(t):O p — Q(t+1)=’?

Diagrama no tempo:

S

R

O|O MO' AO' NQJ _\QJ

DO o ) o O i

AND

NAND

R |lr|lO|lO]X>

H|O|lRr|O]lW

= 1O |O|O

ol|lr |+
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Analise de funcionamento do RS basico:

Setando o biestavel:

Condigdes iniciais:

Proximo estado?

Diagrama no tempo:

DO o ) o O i

EEN B BEEN I N RN B EN B I=)

S=1 Qt)=0 — Q(t+1)=?
R=0
1 0 a 0—1 >
N 1 —_— —1—
8 4E 1> > Q aR
1-0— |2 a;
b,
1—=1— |p b,
1 ——"\\ .. Q
) —
o E>~o1 b, |2 1=0—> 0
(a) A | B | AND | NAND
apida que a porta 2 Pore e mas 0jo; 0 1
0 1 0 1
1 0 0 1
1 1 1 0

Biestaveis
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Analise de funcionamento do RS basico:

Setando o biestavel:

Condigdes iniciais:

Proximo estado?

S=1 Qt)=0 — Q(t+1)=?
R=0 Diagrama no tempo:
1 0 > 1
| 5 a, — 0—1—1 0
.‘-AE,?D—_—‘ 1} * Q R ,
£ a1 0 0 0
1—-0—0|% a, (A e
b1 0 1 1
o1, b, T i1 1
1 ———\\ _ Q 0 1 1
_ 0 2
R 0 E_>O1 . _ZJ 1—-0—0 0 I e
(a) A | B | AND | NAND
i oo & pona 9. ¢ poria 1 & mais 0101 0 1
0 1 0 1
1 10| o 1
1 1 1 0

Biestaveis
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Analise de funcionamento do RS basico:

Setando o biestavel:

Condigoes iniciais:  proximo estado?
S=1 \Q(t)=1 ) — Q(t+1)="
R=0 Diagrama no tempo:

1 S :
- a, ‘
s ;x::»—o—l— 11 R 0
: 1 o—e Q ‘
0—0 |* a, 5 0 o0
b1 1.1
1—1 b, —— b2 1.0
0 1 2 ¥ 0 Q
R P_D“-'O _J 0—0 Q 00
L b,
(b) A | B | AND | NAND
Obs: anali d rta1é i
répida que aporta 2. 0j0] O 1
o|l1] o 1
110 o 1
11| 1 0

Biestaveis 11/03/19 & pag 10



Analise de funcionamento do RS basico:

Setando o biestavel:

Condigbes inicials:  preximo estado? ~ Condigoes iniciais:  proximo estado?
S=1 [ Q(t)=0 = — Q(t+1)=? S=1 Qt)=1 = — Q(t+1)=?
R=0 R=0
- 1pr B 0 a — 0—1—1 1 0 a, — 1—1
. ' 1}_ ¢ Q > l: 1}_ * Q
1-0—-0[% 0—0 |22
=11, =1 |p,
_ J— 0 1 2)J— 0
R 0 E_}C‘r1 b _2) 1—-0—0 RL[\}D—b‘_ 0—0
(a) (b) S=1
R=0
Conclus j Set | Reset | Q(t+1) | Obs: |
onclusdes: - _ -
0 0 Q(t) | Mantém estado. gzg ‘D 0 ; 1
1|1 0 1 | Set v
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Analise de funcionamento do RS basico:

Resetando o biestavel:

Condigdes iniciais: Préximo estado?

S=0 Q(t)=0  — Q(t+1)=?
R=1

S 4{0 >0 L 7} ;0_>0 0

1—-0 |%
0—0 b
5
1 0 2 r 0
R—] >o—— % 7 151
L b,
(a) A B | AND | NAND
Obs: analise supondo que porta 1 € mais
rapida que a porta 2. 0 0 0 1
0 1 0 1
1 0 0 1
1 1 1 0

Biestaveis
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Analise de funcionamento do RS basico:

Resetando o biestavel:

Condigdes iniciais:

Proximo estado?

S=0 Q(t)=1 — Q(t+1)=7
R=1 Diagrama no tempo:
S >0
1—-1—1 R 1
4{ ?’3—— i 1}, " 0
a, 1010
0—0—1 a, >0 017
b, R
1-51—0 . b, ><]0 0 0
1 ———\\ _ Q 1 1 1
_ Q >
I3 1[_::-00 . 2/ 0—0—1 0 0 0[]
(b) A B | AND | NAND
i oo & pona 9. ¢ poria 1 & mais 010 0 1
0 1 0 1
1|0 o 1
1 1 1 0

Biestaveis
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Analise de funcionamento do RS basico:

Resetando o biestavel:

Condic0es iniciais: Préximo estado? Condic0es iniciais: Préximo estado?
S=0 Q(t)=0 — Q(t+1)=" S=0 Q(t)=1 — Q(t+1)=7?
R=1 R=1

0~ 1A 0—0 . 1—1—1
B 1D = B e L S

1-0 % 0—>0—>1
0—0 b, _ 1—-1—0 b, _
) J— )
: : [‘}O > b, —2) 1—1 ’ R L[}Do—bz-_ZD 0—0—1 .
(a) (b) .
_ Set | Reset | Q(t+1) | Obs: R=0
Conclusdes: j> 0 | o [ a® [Mantemestado. | S0 @.0 0=
1 0 1 Set -
Biestévei 0 1 0 Reset R=1
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Analise de funcionamento do RS basico:

Setando e Resetando simultaneamente:

Condicdes iniciais:

S=1  Q(t)=0
R=1

s LE’}DJ)_“T};

0—1

Biestaveis

Q

: :@L :

1—1

Proximo estado?
— Q(t+1)="

AND

NAND

R |lr|lO|lO]X>

H|O|lRr|O]lW

= 1O |O|O

O|lR|R |~
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Biestavel basico RS
Conclusoes finais:

a) Circuito interno com portas NOT e NAND.

:) o 0

c) Tabela funcional:

B —\:_: J Q0

Set | Reset | Q(t+1) | Obs:
0 0 Q(t) Mantém estado.
1 0 1 Set
0 1 0 Reset
1 1 1 N3o utilizado* (Q=0)

Biestaveis

o 0

b) Simbolo do Biestavel RS.

d) Diagrama de estados:
S=1
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Analise de funcionamento do RS basico:

Setando e Resetando simultaneamente:

Condig0es iniciais:

Proximo estado?

Condicoes iniciais:

Proximo estado?

S=1 Qt)=0 = —» Q(t+1)=? S=1  Qt)=1 — Q(t+1)=?
R=1 ) R=1
1 0 a, 0—1 1 0 a, — 1—-1—1
: l:*;c 1};. > 0 > = 1)&;. » 0
1—-0 |22 0—1—1 |2
01 [p 1-1-1 |,
0 2). 0 0 2}. 0
R 1 E}O _— 1—1 R 1 P'O—b‘_ 0—=1—1
(a) Set | Reset | Q(t+1) | Obs: (b) gig)
0 0 Q(t) | Mantém estado. ~
Conclusdes: j>‘ 1 0 1 | Set —
0 1 0 Reset R=X 320
1 1 1 | Nao utilizado* (0=0) R=1

Biestaveis
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Biestavel basico RS

d) Diagrama de estados:

g 4[ x’_——)~ . Q §=

1
0
— S=0 S=X
R=X R=0
e
[ 0
1

i o—L : J

a) Circuito interno com portas NOT e NAND.

c) Tabela funcional:
Set | Reset | Q(t+1) | Obs:

0 Q(t) | Mantém estado. e) Equacao de transicao:

—_ =

T 0 R Q(t+1)=5(t J+R(t)-Q(t)

N3o utilizado* (Q=0)

1O | =|0O
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Biestavel basico RS

Deducao e. de transicao:
d) Diagrama de estados:

Set Reset Q(t+1) | Obs:
0 0 Q(t) Mantém estado. S=1
R=0
1 0 1 Set
0 1 0 Reset S=0 S=X
1 1 1 N&o utilizar: Q(t+1)=Q(t+1) R=X R=0
S=0
R=1
Q(t+1):
r(t)a(t) A R
s(t) 00 01 11 10
0 1)\ > e) Equacao de transicao:
1 + — + 5
SHENENETE Q(t+1)=S(t)+R(t)Q(t)
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Outros biestaveis RS:

Biestavel RS basico com portas NOR:

- oy

2
CLEAR

Set Clear| | Saida

0 0 || Naomuda

0 {{Q=1
1
"|

1 b
0 io=0
1 _

Invalida®

*oroduz Q = Q=0
(b)

Biestavel RS com portas NOT+OR:

SET @

CLEAR

Biestaveis

FF

FF

(c)

11/03/19 & pag 20



Biestavel RS:

Exemplo de uso:

5
R
Soluiion:
¢
—
O (2
H R H
. e 0 e [
Function ¢ 1 |
d e d

Biestaveis

- T LA

H

0

d

Set | Reset [ Q(t+1) | Obs:
0 0 Q(t) [ Mantém estado.
1 0 1 Set
0 1 0 Reset
1 1 1 Condicao invalida

-~

~ W o5

H

0

d

— 0 t+—

x
=<l
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Latch RS
Biestavel com entrada de ENABLE:

Set
Nivel I6gico ALTO permite que 0
niveis légicos introduzidos nos
pinos “Set” e “Reset” passem
para dentro do biestavel. . st =
atishle when gatt
enable =
o \ 0
Reset

Biestavel RS.

Solution:
Q ﬂ

Biestaveis
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Aplicacao de biestavel RS

Circuito problema do efeito “bouncing” de chaves:

“Trepidacao” aleataria
. T

bV
| A chave atinge o

+5 Vv
. I
i >
ouT
1 ,K.:, oV
l ! repouso na

Comutacéo tja_chave 00SiCA0 2
para a posicao 2
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Aplicacao de biestavel RS

Circuito para eliminar efeito “bouncing” de chaves:

+5Y
10 k£ B (a) Set-Set-Set. ..
. 5. — A ey
1400 ouT Switch T
+5V — position i M
OA B
—%— —
B oka Set (1) meememmmy Rescl-Reset-Reset..
0 _ 7400 OUT OUT -
R
= 1B Reset (())
S R | Set | Reset | Q(t+1) | Obs:
P p o 1 1 0 0 Q(t) | Mantém estado.
0 1 1 0 1 Set
1 0 0 1 0 Reset
0 0 1 1 1 Condicao invalida — n&o ocorre.

Biestaveis
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Circuitos de Debouncing

Outro circuito empregando Schmitt-trigger:

+5V
C
- R
10 kQ
100 Q V. V
—e” 0—\W—e i @o"
Switch or T4HCT14

pushbutton - C
0 "1 047 pF

[ Opened
Switch B
position

L Closed :

TN |
lvrﬂﬂp L,-'

(or Vi) 5 r

L 0OV

= | =

V{:lul 4 \
0

Biestaveis

Transfer function
42V -
Vi \ 4 A
04V
|

| I8
R 24V
V.

i

Fig.: Funcgao transferéncia do
Schmitt-trigger.
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Operacao de um Schmitt trigger:

Ex.: 7414
Ve
7414
Biestaveis

ot

(V)

0.4

a) Simulacao de Schmitt-trigger.

04V

Transfer function

s
(Y 24V

b) Funcao transferéncia.
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Latches : Blestavels

« Latch: entrada “extra” (Enable) sensivel a nivel
logico:

NAND LATCH
De . 4
Inputs Output
EN D Q )
0 X Q, (no change) <— hold
ENABLE 1 0 0
(EN) o 1 1 1
"X" indicates "don't care’
Qg is state Q just
prior to EN going LOW
(a) (b)
Fig.: D Latch
e——D QF——e
(transparent :
&—— EN QF——e
latch)

Biestaveis 11/03/19 & pag 28



Flip_Flops: Biestaveis

* Flip-Flop: entrada “extra” (Clock) sensivel a
borda do sinal (nesta entrada):

Se
I l Edge
CLK detector
ce
Y !
Pulse-steering NAND latch
circuit

Biestaveis 11/03/19 & pag 29



Detector de K
bordas ., =

CLK detector

e “Positive -

C 5 4 (. 7 4

edge-detection circuit” Puehees A en

circuit

o
i S — )5 oo
(T'«l 7T4HCTOS

TAHCTO4

Ol ) | J Y

T - [ 1 R

‘I
O
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Detectores de Bordas




Parametros no tempo:

Synchronous
control input

/ .
e e I

—>
I l
ts U
Setup time Hold time
(a) (b)
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Tabela verdade do RS:
Set  Reset | Q(t+1) Obs:

LatCh Tipo D: 0 0 Q) | Mantém estado.

1 0 1 Set
0 1 0 Reset
1 1 1 Condicao
. invalida
D & ‘ S O1H—
b) Tabela verdade do Latch D:
G 1 Lr
¢ G| D |Q(+1)]Obs:
:}D (& G 0 X Q(t) | Mantém estado.
. o 1 0 1 Reset
(a) Circuito interno.
1 1 1 Set

D=1
d) Simulacao no tempo: C/\
D=0 @ D=1
. J I_ 7 \_}8
D

c) Diagrama de estados.

Solution:
Q T m
Q e, O Q ¢
tollows latched follows tched follow
f & D
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Latch D

Cl comercial:

— Do Qo[—

171475

— £pq Qﬂ —

Completar:

m

Biestaveis

7475

16

L5

14

13

12

11

10
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Biestaveis D comerciais

o 7474 Flip-Flop D,
o 7475: Latch D,



74L.S74
Flip-Flop

Biestaveis

2
VCC CLEAR 2D

2

2

CLOCK PRESET 20

28

_ {14 13| {12 f11| _J10f 9| |8
PRESET |
e o a
> CK
CLEAR
2 umna
b CK
D a 4?
PRESET |
p— —v I—J
B ‘B R m "‘| 6 r 7
1 1D 1 1 10 18 GND
CLEAR CLOCK PRESET
7474
1Preset .._4_1‘_» S
5
1CLK ) > Ci 1Q
6 i
1D 2 1D e 10
TReset —— N R
R 10
2Preset ———IN
MR i > 22l
20y 1% ~ 8 o
Fesst —°—n|
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Entradas assincronas...

PRESET| CLEAR FF response
pe— 1 1 Clocked aperation™
0 1 Q =1 (regardiess of CL
*—C 1 0 Q=0 2regandless of ch
0 0 Not used
*— g
*Q will respond to J, K, and CLK

« Num FF-D ou FF-JK, as entradas D, J ou K sao ditas “sincronas” porque
seu efeito na saida do FF depende da sincronizagdo com o sinal de

“clock”.

* Entradas assincronas ( PRESET,CLEAR ): sobre-escrevem as entradas
sincronas; operam de forma independente das entradas sincronas e do
sinal de clock e sao usadas para ajustar (“forcar”) um FF para o estado O
ou 1 em qualquer instante de tempo (principalmente quando recém se
alimenta um circuito, para garantir sua condi¢ao inicial).
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74L.S74
Flip-Flop

2

VCC CLEAR 2D

2 2
CLOCK PRESET 2Q 28

14| FES B B 0

e T e

pr——r—y g p—a
PRESET |
D a

L‘ CK
CLEAR i
CLEAR
>CK
| [L_—=

B 2‘3“4”‘5"‘]5['?
1 0 1 1 10 10 GND
CLEAR CLOCK PRESET
AC CHARACTERISTICS (Ta = 25°C, Vo = 5.0 V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Clock Frequency 25 33 MHz Figure 1
tpLH 13 25 ns VCCC_=1 g.on
t Clock, Clear, Set to Output Figure 1 L= p
PHL 25 40 ns
AC SETUP REQUIREMENTS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw (H) Clock 25 ns Figure 1
tw (L) Clear, Set 25 ns Figure 2
Data Setup Time — HIGH 20 ns ‘ Vece=5.0V
ts LOW Figure 1
20 ns
th Hold Time 5.0 ns Figure 1
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Parametros AC

AC WAVEFORMS
tw
SET
D* 1.3V 13V 13V 13V
/|
le— ¢ ety
tS(L) —><— tW(H) ——— tS(H) - CLEAR X
<—tW(L) —»Zi 1.3V 1.3V
13V —+— 13V
» 7 \ /
1
- TMAX i Q 13V 13V
PHL tPLH—
Q tPHL tPLH
1.3V 13V
Q
13V 1.3V
tPHL—
tPLH
B 13V 13V
Q
*The shaded areas indicate when the input is permitted to change for predictable output performance.
....... pmimise = Vec =50V
:PLH Clock, Clear, Set to Output i i i Figure 1 CL=15pF
t = ti delav: PHL 25 | 40 ns
D - propaga Ion ae ay’ AC SETUP REQUIREMENTS (Tp = 25°C)
t = setup time; Limite
S . Symbol Parameter Min Typ Max Unit Test Conditions
th = hOId t| me, tw (H) Clock 25 ns Figure 1
—_ H 1 Clear, Set 25 Fi 2
t = assyncronous times. i S s =
w Data Setup Time — HIGH 20 ns , Ve =50V
ts LOW P = Figure 1
th Hold Time 5.0 ns Figure 1
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Flip-Flop JK:

e Circuito interno

Edge

| detector

K®
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MODE SELECT - TRUTH TABLE

Flip-Flop JK:

1@ = OPERATING INPUTS OUTPUTS
CLK MODE Sp c J K Q Q
J L — Sl Set L H X X H L
_Reset (Clear) | | 2 | L] S e o R Wi xS
*Undetermined L L X X H H
it Toggle .. Ho || Ho | e e | g =] q_..
Load “0” (Reset) H H I h L H
Load®1” (Set) | .| s W Al Tl e e U
Hold H H | | q a
*  Both outputs will be HIGH while both Sp and Cp are LOW, but the output
states are unpredictable if Sp and Cp go HIGH simultaneously.
Ex.: 74LS76: H, h = HIGH Voltage Level
LOGIC SYMBOL L, I = LOW Voltage Level
2 7 X = Immaterial
J) é I, h (q) = Lower case letters indicate the state of the referenced input
16— K Sp al—1 12—k S al— 11 (or output) one setup time prior to the HIGH-to—LOW clock transition
T=qcr 6—qCP Dados: On Semiconductor (Division of Motorola; http://onsemi.com)
4 —J CDQO—14 Q—JCDQO—1O
3 8
Voc=PIN5
GND=PIN13
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7476

Biestaveis

FF K- 74' 7 i 10 18 GND 2k 20 28 2
- . Jw ] | e {3 izl In] |w [s!
t ! = == 1 J
J, U1:A J, U1:B CLR PR
K G- 1 Q
4 J " Q 15 9 J " Q 11
1 6 —0CK —>CK
—@CLK —pCLK . a n N
= = P CLR
16 K o Q 14 12 K o Q 10 R
T 741576 T 741576 l_? —— = L—l
o o T - —
1 2 3 4 $ 1 ? |
1CK PR 1 14 Vec 2CK 2PR 2
"l R iR
AC CHARACTERISTICS (Tp =25°C, Vg =5.0V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
faax Maximum Clock Frequency 30 45 MHz
Vee=5.0V
15 20 ns
:P"H Clock, Clear, Set to Output CL=15pF
PHL 15 20 ns
AC SETUP REQUIREMENTS (Tx = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw Clock Pulse Width High 20 ns
tw Clear Set Pulse Width 25 ns
Voo =50V
tg Setup Time 20 ns
th Hold Time 0 ns
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e

Biestaveis
Master-Slave...
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FF RS MS (Master-Slave)

“Master” [ “Slave”
Flip-flop | Flip-flop
i
Set —J Q : J QF+—00
Clock — ——4—>Clk | > Clk
Reset K Q : K Q — 0
:
Clk I::: Clk_|
|
|
“|&” entrada : “libera” saida
na borda de ! na borda de
subida : descida
|
Biestaveis

11/03/19 & pag 44



FF JK MS (Master Slave)

“Master" “Slave"

Ke }

¢
Miiw
N
1)
il
T
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Atencao: 74L.S76 # 7476!

SN74LS76A

Dual JK Flip-Flop
with Set and Clear

The SN74LS76A offers individual J, K, Clock Pulse, Direct Set and
Direct Clear inputs. These dual flip-flops are designed so that when
the clock goes HIGH, the inputs are enabled and data will be accepted.
The Logic Level of the J and K inputs will perform according to the
Truth Table as long as minimum set-up times are observed. Input data
is transferred to the outputs on the HIGH-to-LOW clock transitions.

'LS76A
FUNCTION TABLE
INPUTS OUTPUTS
PRE CLR CLK J K | Q Q
L H X X X H L
H L X X X L H
L L X X X HT Ht
H H ! L L Qg Qg
H H i\ H L H L
H H ! L H L H
H H ! H H TOGGLE
H H H X X Qo Qp

T This configuration is nonstable; that is, it will not persist
when either preset or clear returns to its inactive (high)

level.

Biestaveis

EAIRCHILD R
DM7476
Dual Master-Slave J-K Flip-Flops with
Clear, Preset, and Complementary Outputs
‘76
FUNCTION TABLE
INPUTS OUTPUTS
PRE CLR CLK J K | a Q
L H X X X H L
H L X X X L H
L L X X X HT HT
H H JL L L Qp Qp
H H JL H L H (N
H H JL L H L H
H H JL H H TOGGLE
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