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Introducao

e O que acontece quando se cascateia FFs de
maneira sincrona?

— Podem ocorrer 3 coisas:

e Se obtém um contador sincrono;
e Se obtém um contador especial;
e Se obtém um registrador de deslocamento.
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Introducao

e O que acontece quando se cascateis FFs de maneira sincrona ?

— Podem ocorrer 3 coisas:
e Se obtém um contador sincrono; y¥ v ¥ ¥ <

e Se obtém um contador especial;
e Se obtém um registrador de deslocamento:

Entradas
Parajelas
5 b ¢ ::1
BER
] - ]
Set P Set Q Set R Set S
x40 oo ao-—p o-— o
Clock ——) —d) —a) —d)
Qr Qr Qr Q-

-+ Entrada Reset
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Introducao

e Operacoes tipicas de registradores de
deslocamento, exemplos:

Entrada
de dados

(a) Registrador de entrada série e saida série

com deslocamento para direita.
(Serial-in, Serial-out)

Entrada
de dados

Saida de dados

Saida
de dados

(b) Registrador de entrada série e saida paralela

com deslocamento para direita.
(Serial-in, Parallel-out)

Entradas

Paralelas
a b ¢ d
sé| P s&| Q Set|] R sé
x40 oo al-l-o a-—-b @
Clock ——) ) ) )
QF |_( QF r Q- r Q
—«- Entrada Reset
Entrada de dados
' B A I Y
Saida
de dados

(c) Registrador de entrada paralela e saida

série com deslocametno para direita
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Introducao

e Operacoes tipicas de registradores de
deslocamento, exemplos:

Saida
de dados

Entrada
de dados

(a.1) Registrador de entrada série e saida
série com deslocamento para direita.
(shift right register)

Saida
de dados

Entrada
de dados

(a.2) Registrador de entrada série e saida
série com deslocamento para esquerda.
(shift left register)

Clock —

L
(I)I
L
£|3I
s
?I
—l

Entradas
Paralelas

"
a b ¢ d

Ol

e Entrada Reset

Entrada de dados

Saida de dados

(d) Registrador de entrada
paralela e saira paralela.
(Parallel-in, Parallel-out)
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Tipos de Registradores:
e Caso de Registrador < Caso de Registrador

Y 4 - .
paralelo Serie:
Local de
Dafjos Armazer:amento P Q R s
XD Q X—DQJDQ|DQ!DQ—L
. . P
Clock o) ¢ Clock —-<) FF1 >FF2 VFF3 | <) FFa
al- — G—F G—F Q- [+ QF
Entlladas Saidas
4
Y-0 a—aQ | Lo (a)
—) FF2
— Y — R L . Q
Qr— E P Q R S<+—Saidas
W — G — R Entrada | |
W-D QR  Z — - S série "> X
—o> FE3 L Clock _°>
5_
Clock (b)
z-{p al-s )
—d) FF4
o]
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Exemplo de
conversao
paralelo >
serial
usando
registrador
de 4 bits

Prof. Fernando Passold

Entrada
de Clock

I Clock

Carga paralela de 1000:

Dispositivo
Receptor
Serial

-

il

Clock

Clock

Clock ——

D

>C

-

p—
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Registrador de entrada Serial, saida Serial

Data IN _>
CLK %

__> Data OUT

Stage 1 Stage 2 Stage 3 Stage 4
Shift right registers
1 1
0 0
Serial = = = = 0 = = 1 = 0  Serial
Data IN | on | > | > [ Dbata ouT

CLK I

FF 2

l——>

FF 3

l__>

FF 4
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Registrador de
Entrada Paralela (EP) / Saida Serie (SS):

$ &

CLK %

Stage 1

Stage 2

Stage 3

Stage 4

% Data oUT la de dados

A

Load

d-[17

o

Qa

I I O I © Qc i ﬁ) %
PRS PRS J PRS J PRS J
] A ! Qp c ! Qb Saida
—p----- ===l e BTEEE o
Q K K Q K Q
*ar cLr 2P cLr %€ CLR_ "
— |
Figura 8.7 . Registrador de deslocamento EPISS .
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Registrador de
Entrada Paralela (EP) / Saida Serie (SS):

$ &

% Data OUT
CLK%
Stage 1 Stage 2 Stage 3 Stage 4
Po Py P, P3 Py, Ps Pg Py
¢ ¢ i i i ¢ i Entradas
Ds —> SH/LD CP CPINH| | Operagao H = nivel alto
L = nivel baixo
e e L X X Carga paralela | X = irrelevante
CP INH  —— H X H Nao muda
- H g = Deslocamento
SH/LD =—i H L £y Deslocamento
> Q,
Q,
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Registrador de Entrada Paralela/Saida Paralela (EP/SP):

e Ex_2) circuito comercial: 74174 (Parallel In / Parallel Out):

MR CP Ds D4 D3 D, D1 Do
#i ® .- » W
Lo ol Ho alxl Ho ol Wo ol HWo okl o ok
cp cP cp cP cp P
—>""c1r —P>"cLR —OP>"CLR —>""cLR —P~ cLR —pFiR
05 04 03 02 01 Qo

(a)

EREE L 1 |

D4

Ds Dg4 D3 D2 Dy DO
CLK
CP—>—p 74174/LS174/HC174
MR : 05 04 03 02 Q] QO Stage 1 Stage 2 Stage 3 Stage 4

ERREY Pl

FIGURE 7-49 (a) Circuit diagram of the 74174; (b) logic symbol. (Courtesy of Fairchild, a
~ Schlumberger company)
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Registrador de Entrada Paralela/Saida Paralela (EP/SP):

e Ex_3) circuito comercial: 74LS395

Dx Dg Dc o
| Cascade
% —D‘@ . \‘> D\ED %
=50 B HoP] o]
cun | r T | F Tl L T U T
,Ln.fﬁ [ [f [ :[ : [( ‘
= ¢ [ ( 1
o ey Ly
IQA [QB IQC QD‘
74L.S395 parallel-in/ parallel-out shift register with tri-state output

J

CLK N

Stage 1 Stage 2 Stage 3 Stage 4

1 17

Q4
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Registrador de Entrada Série/Saida Paralela (ES/SP):

Parallel Outputs
I Q1 Q2 Q3 Q4
Serial l l l l
D Q| | D Q| | D Q| | D Q|
Data IN
FF 1 FF 2 FF 3 FF 4
CLK I > l——> l——> >
Clear
e Ejemplo: CI 74164 e
(Registrador de Entrada Serial / Saida Paralela, de 8 bits) Stage 1, | SIPae 2 gmftese 3 | Stages

P Ds D4 D3 D, Zlf ;g i ;E

¥

\L]

(a)
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Registrador de Entrada Série/Saida Paralela (ES/SP):

e Ejemplo: CI 74164 pata N
(Registrador de Entrada Serial /
Saida Paralela, de 8 bits)
shiftﬁ:zigtister J/ \L \L \L
~ 74164 Qt Q2 Q3 Q4

ﬁ_}-io ale—p ole—p o}le—bo @

" Go P o P e e Pt
L el e e

1
+—do
= 1
@

Qo 01 02 03 04 05 06 07
' (a)
A —P—
B =P 74164/LS164/HC164
CP =et>

Eoyyrrese

MR Qp Qy Q; Q3 Q4 Qs Qg Q;
(b)

FIGURE 7-56 (a) Logic diagram for the 74164; (b) logic symbol. (Courtesy of Fairchild, a
Schlumberger company)
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Registrador de Entrada Série/Saida Paralela (ES/SP):

e Exemplo de uso de CI 74164
(Registrador de Entrada Serial / Saida Paralela, de 8 bits)

it
thf_}‘:‘lagfter 1 A
16
B
220 i s o A A o R oy
C > ¢ e P 6 > ¢ > ¢ Ds:C > ¢ Juu g
cPIOT[OlClo[OT[oT[OOIOT )
. Qo Q Q; Q3 Q4 Qs Qg Q; R ;
. (al ‘
Qp Oy Q; Q3 Q4 Q5 Qg Qg
A
B —p—, 74164/LS164/HC164 (a)
CP =—1>

bty

MR Qp Q; Q; Q; Q4 Q5 Qg O

FIGURE 7-56 (a) Logic diagram for the 74164; (b) logic symbol. (Courtesy of Fairchild, a ) 0 0 0 4‘.\
Schlumberger company)
' 1 1 0 0o - 0 0 0
2 1 1 0 0 0 0
3 1 1 1 0 0 0
4 1 1 1 1 0 0 Recycles
Data IN 5 1 1 1 1 0 0
Kk N 6 1 1 1 1 0 0
7 1 1 1 1 1 0
Stage 1 Stage 2 Stage 3 Stage 4 D R ey 7D
Qt Q2 Q3 Q4 Temporary
state (b)

Prof. Fernando Passold Sistema: R



Aplicacoes:

Exemplo:

e Circuito de conversao serial para
paralelo do nimero binario
11010010 usando o registrador de
deslocamento 74164:

1) O registrador é “limpo” (recebe um
signal de Clear o Reset) 2 suas
saidas, Q,-Q, vao para nivel ldgico
baixo;

2) O sinal “Strobe” é necessario para

garantir que somente 8 pulsos de

clock ingressem no circuito;

3) Os dados seriais ingressam na linha

Dg,, sendo que o primeiro bit é o

MSB;

4) Depois de 8 pulsos de clock, os 8

bits de datos podem ser lidos nos

pinos de saidas paralelas de dados

(el bit MSB vai estar em @, e 0 LSB

em Qp).

Prof. Fernando Passold Si

Entrada

Serial

Dy,

> C,
MR

74164

Q O O 03 Oy Qs Qa Q;

Entrada
de Clock
Strobe -

e

MR

HEEREER

Saida paralela
de 8-bits

«—— Entrada serial
(primeiro o MSB)
0 1

1

Saida paralela

de dados

1 | (MSB)

4




Registrador Bidirecional:
Bidirectional Shift Register:

DDMDE b7 . .
Entrada séne I ] Entrda sénie
% diverma | | o | [ ot g | R | [ 'n esquerda
& & & & & & & &
— pos DI« o 2 5
21 21 21 2l
[ | |
D QAlF - D Qp H a Q¢ I 4D Qp
a, O Qe o7
&y Faras | 4 J
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Registrador Bidirecional:

Bidirectional Shift Register:

Shift right:

Shift left:

D Q D Q D Q SO
SI —— L -
Qi Qs Q&
C C C
> > >
a Q a
p— p— D—
CLK
Shift right
SO = —
- - ST
D| Q D Q D Q
A Qe Qc
C C C
> > >
Q Q Q
p— D— p—
CLK
Shift left

Prof. Fernando Passold
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Q. 0O O¢
load 1 1 0
shit X 1 1
e

Load and right shift

QO Qc
load 1 1 0
shit 1 0 X
-

Load and left shift
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Registrador Bidirecional:

Registrador biderecional/deslocamento para direita:

Eor >

SI —— — -
Qs Qp Q&
G S N
a a a
b— b— o—
CLK |_ |_
Shift riaht

90

]
\'%
fo
Vv
fo
v EY
Tol

lo |o

Shift left
(L/R=1) SL
SR B

T —

i SR
CLK \Q‘“ e
—
D Q
’
>Ck >Ck Sk || %
SL
cascads=
QA r \ Qa T Qc

Shift left/ right, right action
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Registrador Bidirecional:

IO
V
L
o
vV
CH
—]
vV
fo

L

1o
fo plo

Registrador biderecional/deslocamento para esquerda:

s 1 e 'L
L:i) L W kfi) L
|

L

CLK E:>—4 f
N 4 '
| oh | U
>k

>Ck ‘ " ~Clk
|
(l |

|

cascade

|
’
|
|
lk
- Qy” \““——__)’Qa \%\\__ YQc

————

Shift left/ right register, left action
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D Q D Q D Q SO

Registrador Bidirecional: s B ’ LE

o

7o
vV
o
(9]
vV
fo

>
CLK (—

Shift right

Registrador bidirecional/circuito completo: * . s
Lo—a Lo—1a) [o—al
C> a _E> o8 C> Qe
Dg De 9 i c
| [ CLK |
E r E-; § L Shift left
[ L LI - :
{ ( [.;!} T :L
aligl ( _L'I
L

CLK

SL
cascade

—>Ck >Ck >Ck

&
|
C
A

SR
1cascade

' —_— 4

.
Q. 7 Qg 7 Q- 7

Shift left/ right/ load
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Registrador Bidirecional:
Bidirectional Shift Register:
e Exemplo comercial: CI 7419

wjsjv]/vllv]}v]v HJLi;:U

LIJ

—>o
>

g g
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Reg iSt ra d or Operating Inputs Outputs
bidireccional Universal Mode |MR|Si So|Dsr Dsi|Pn[Qo Qi Q; Q3
Reset L X XX X |IX|L L L Lk
° Exemplo Fold AT T X X[X|d o % 9%
. I Shift Left HIh 1| X T [X[|a a2 a3 L
ComerCIa . H h | X R X di Go g3 H
CI 74194 Shift Right HIT h] 1 X [X[L g a4 qo
H|!l hlh X|X]|H g a4 a2
P, ParallelLoad| H | h  h | X X |palPo P1 P2 P3
H (h) = HIGH Voltage Level
Dc | L (I) = LOW Voltage Level
L® Pn (qn) = Lower case letters indicate the state of the referenced input (or
S DO ! output) one setup time prior to the LOW-to-HIGH clock transition.
L({> X = Immaterial
© ERY [ROYY 19Y9Y [OYOE |
s G s Qp—e kis 2 —e s Qz —e
O CP Q CP < CF Of CF
R R R R
CLEAR CLEAR CLEAR CLEAR
w—>o

Prof. Fernando Passold
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Reglstrador Universal

=
ﬁDﬂH

SR
CLK E
' D L 5 ()()
~>Ck : >Ck
D, 1
CLR Dc . R R
Q. { dln )] | Qg o
- r ()() i e
-
Q
OEZ2
5- stages
A/Q, omitted H/Qq

74ALS299 universal shift/ storage register with tri-state outputs
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Registrac

CLE

6-stages
% omitted

74ALS299 universal shift/ storage register with tri-state outputs

A/Q.

B/

Prof. Fernando Passold

or Universal

9 r R SRGS8 _ - ===~ mode3 function SO SIL M
2 P ENl3=mode3 & OEL & OE2 |
B » enable tri-state buffers hold ojo]°
3 ~| & |3ENL3 shiftright O L 1L
~~. | —Prefix 1 implies right shift [ e 1oq L o 2
: ol o mmplies left shift | load L L 3
19 M — e
2 L 3 / \
12 [
— P L2 y prefix 34D implies mode-3 paraliel
R lboad by C4
C .- /
LL 7D 1~ 8 Q.
' -~ 4 as a prefix (4D) implies clocking of
7 ADL-- \'D data by C4, as opposed to shifting
5,13 5 +
13 34D LD > |
| Z5, Z6 to Z12 are tri-state outputs of the-
6137 Z6 o shift register stages associated with the
6 L 11O pins A/Qs, B/IQg, to Q'Qy as implied
L4 1 by prefixes 5,13; 6,13; to 12,13 respectively.
1
5 L
2 [
L5 1 A double arrow implies bdirectional
St ! P data, equivalent to the input (no arrow)
4 r — I and output (single arrow).
I
W D is buffer
- y \V/ is tri-state
V1213 Z12+

SN74ALS299 ANSI Symbol, annotated
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Outros registradores “universais”

e /41 S958B:

4-BIT SHIFT REGISTER

The SN54/74LS95B is a 4-Bit Shift Register with serial and parallel
synchronous operating modes. The serial shift right and parallel load are acti-
vated by separate clock inputs which are selected by a mode control input.
The data is transferred from the serial or parallel D inputs to the Q outputs
synchronous with the HIGH to LOW transition of the appropriate clock input.

The LS95B is fabricated with the Schottky barrier diode process for high
speed and is completely compatible with all Motorola TTL families.

* Synchronous, Expandable Shift Right

* Synchronous Shift Left Capability

* Synchronous Parallel Load

* Separate Shift and Load Clock Inputs

* Input Clamp Diodes Limit High Speed Termination Effects

Po P1 P2 P3

§ @ Pord> ® ® @ ®

CONNECTION DIAGRAM DIP (TOP VIEW)

Voo Qp Q1 Qb Qs CPy CPy
] [0 [ie] 0] Dol [5] [s]  wore

Vcc=PIN 14
GND=PIN7

The Flatpak version has the
same pinouts (Connection

Diagram) as the Dual In-Line
> Package.

PIN NAMES LOADING (Note a)
HIGH LOW
S Mode Control Input 0.5U.L. 0.25 U.L.
Dg Serial Data Input 0.5 U.L. 0.25 U.L.
Po—P3 Parallel Data Inputs 0.5 U.L. 0.25 U.L.
CP4 Serial Clock (Active LOW Going Edge) Input 0.5 U.L. 0.25 U.L.
CP»o Parallel Clock (Active LOW Going Edge) Input 0.5 U.L. 0.25 U.L.
Qp—Q3 Parallel Outputs (Note b) 10U.L. | 5(2.5) U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

gl 8
gﬁg
=
:

E

&

> > > >

s aH s oM s QH s Q
Vec =PIN 14
GND=PIN7 ® ® ®
(O =PIN NUMBERS Qo Q4 Q2

lo

Q3
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Outros registradores “universais”

e /4L.S95B:

Po P1 P2
RON ® ® ®
Ds @ | | | | [ |

P @;‘: :

CP2 R R R
> > >
S ~ s QH S

Vcc=PIN 14

GND=PIN7 ® ®

(O =PIN NUMBERS Qo Q4

Prof. Fernando Passold

P3

Vv

lo

PIN NAMES

S Mode Control Input
Ds Serial Data Input
Po—P3 Parallel Data Inputs

CP1 Serial Clock (Active LOW Going Edge) Input
CPo Parallel Clock (Active LOW Going Edge) Input

Qp—Q3 Parallel Outputs (Note b)

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

MODE SELECT — TRUTH TABLE

INPUTS

OUTPUTS

OPERATING MODE

CPq

CP2

O
(7]

Shift

G a1

Q Q1 Q2
L
H g a4

Q2
a2

Parallel Load

Po Py P2

P3

Mode Change

Rl Wl B ol B ol I Nl 7))

TxrrxzC|x|PH

ITTIIrrerr|dfxx

XXX XXXXX|IX|T -

XXX XX XXX|[P[xx|P

No Change
No Change
No Change
Undetermined
Undetermined
No Change
Undetermined
No Change

L = LOW Voltage Level
H = HIGH Voltage Level
X = Don't Care

| = LOW Voltage Level one set-up time prior to the HIGH to LOW clock transition.
h = HIGH Voltage Level one set-up time prior to the HIGH to LOW clock transition.
Pp, = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the

HIGH to LOW clock transition.
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