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* Sequential Logics
° Types

* Sequential Modules
o Register

o Counter
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Sequential Logics
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* Types
o Synchronous
o Asynchronous

Combinational
logic
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e Circuit behaves at discrete instance of time
o Determined by CLK signal

* Storage works only with the arrival of a clock pulse

* CLK

o Avoids instability of the output . > —_
1 B R 1
o Clock Frequency =1 / clock cycle time — Combinational —

> Cycles per second, Hz > logic

M eoe Y. Yr coeo Y1
Memory ~
Clock



Asynchronous Sequential ﬁ}
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e Circuit behaves based on input changes

e Circuit behaves at any instant of time
o Qutput may not be stable

* Not common
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Sequential Modules

* Register
* Shift Register
* Counter




Register
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* A collection of binary storage elements
o Store a vector of binary values

o Perform simple data storage

o Perform data movement
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Register: Sample 1

* Synchronous register
* A collection of D FF

Parallel Data IN
O 0O O
- N @

o

[®)

|

0

|

O

[®)

|

|

lw)

[®)

|

e

Q1 Q2 Q3 Q4

Parallel Data OUT
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Register: Sample 1 (cont’d)
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Register: Sample 1

 Register with parallel load

Parallel Data IN
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Parallel Data OUT



Register with Parallel Load
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Load

* Load (LD)

o Control loading the new data to the register

Parallel Data IN
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Register with Parallel Load (cont’d)®

* How to insert a load signal to the register with parallel load?

E L Q(t)

2 b1 L 1 D
n:E I—D Q o D Q b 1D ol G 1L

> S " |_>
| [ [

Q1 Q2 s J

Parallel Data OUT
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Register with Parallel Load (cont’d)™

* And Load and CLK signal together
*Delays the clock

.

g b3 0 Q(t)

%[)1 L 1 D
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< I—D afl—w b ol b al- {0 ol

CLK_D—‘[—> l—> l—> I—>
Load Q1 Q2 Q3 Q4

Parallel Data OUT
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Register with Parallel Load (cont’d)™

* Use MUX to select the new data by load signal
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Load Q1 a2 A Al

Parallel Data OUT
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Register: Sample 2

* Synchronous register
* A collection of D FF

Parallel Output
! 1

Serial Input T T T ]‘
D Q D Q D Q D Q
Flip Flop 1 Flip Flop 2 Flip Flop 3 Flip Flop 4
Clock
Clear




Flip Flop 1 Flip Flop 2 Flip Flop 3 Flip Flop 4

1 1 1 1 1 : : :
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* 4-bit shift register

Parallel Output
! 1

Serial Input T T T 1‘
D Q D Q D Q D Q|
Flip Flop 1 Flip Flop 2 Flip Flop 3 Flip Flop 4
Clock
Clear




Shift Register: Types

* Parallel-in Parallel-out
* Serial-in Serial-out

* Serial-in Parallel-out

* Parallel-in Serial-out

Parallel in ()

Serial in
—

lParallel out (X)

n-Bit shift | Serial out
. ——

register

Parallel in (Y)

{

n-Bit shift
register

Serial out
e

-
Preset control

Shift pulse

Clear control

(b)

N
Preset control

Shift pulse

Clear control

Parallel out (X)

Serialin |, it shift
—p—| .
register

Shift pulse

Clear control

(©)
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Shift Register: Types (cont’d)
* Parallel-in Parallel-out

* Serial-in Serial-out

* Serial-in Parallel-out

* Parallel-in Serial-out Parallel Data Output
A

Q. Q, Q;

!

Qo
TLSB
1

o Serial
Data
Output

Serial
Data
Input

D

1-bit

=1 1 [
D: D D D

: e
Parallel Data Input




Serial-in Parallel-out Shift

Register
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* 4-bit shift register
o Serial input
o Parallel output

4-bit Parallel Data Output

Qc

.

FFD

CLK

CLR

Qa Qs
oy D Q i D Q i
eria
Datain FFA FFB FFC
—CLK —CLK —CLK
CLR CLR CLR
Clear 1 l l
Clock | _[71_




Serial-in Serial-out Shift
Register
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* 4-bit shift register
o Parallel input
o Serial output
1 1
0 [70/70
1al
[S)e”a, p aolF’slp oo ollulp oo
AN | FFA FFB FFC FFD
CLK CLK CLK
Clock [ l l

Serial
Data out
CLK



Parallel-in Parallel-out Shift ﬁ}
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* 4-bit shift register
o Parallel input

> Serial output 4-bit Parallel Data Output
| Qp Qc Qs Qal
= QJ—D QJ—D QJ—D Q—T
FFA FFB FFC FFD
CLK CLK CLK CLK
L l j l
Clock
Pp Pc Pz Pa

4-bit Parallel Data Input



Parallel-in Serial-out Shift
Register
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* 4-bit shift register
o Parallel input
o Serial output
T e = O e 0 L e 0 R
FFA FFB FFC FFD
CLK CLK CLK
n l l
Clock
 Po Pc

Serial
Data out
CLK
Ps Pa |
4-bit Parallel Data Input
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Universal Shift Register (USR)

* Functionalities
o Serial-to-serial

(¢]

Serial-to-parallel

Parallel-to-serial Register Select (Mode Control Register
° Parallel-to-parallel Parallel Data Output | 4JIERE Type
o Left shifting r A~ \ L | o | o Hold
Vee Qi Qs Qe Qp CLK S S o | 1 lshittoriant
> Right shifting s a3 211 d0 g o
B ] B ™) 1 0 Shift to left
1 1 Parallel Mode
\ Y,

Universal Shift Register

T 2 3 4 5 o 6 i 7 i B

CLR SRl \pA P Fc PD) SLI GND

f Parallel B;ta Input \
Serial Data Serial Data
Shift Right Input Shift Left Input



USR: Hold

* Hold

Parallel input Bits

( B2 B Bt \B" Senal input
Senaliopt . | | e —] —— for left-shift
for right-shift | P I
3, 3210 13210
N 4x1 | e 4=1
S - MUXs [+ o MUXo
o
D:
Q2 [~ Dn-1 Qn-
EE2 |
Q@
GR l—bdk
| O TS .
Q; Qnt /C'n

Parallel Output Bits




USR: Right Shift

* Right shift

Parallel input Bits

B
( B2 B M \B" Senal input
Senal in : | ----- for left-shift
for nght-shift Qq Q
g, |32 0 J210 3210 Bl3I210
' 41 4x1 41| e 41
St MUX, MUX; MUX; MUX,.
Q;
Dy
D1 Q1 D2 Q2
FF1 FF2 |
ck Qi Q@
Clock-[—v CIR r Clk CLR
| i TP
Clear l I
Qk Q; Qnt ‘/On

Parallel Output Bits




USR: Left Shift

e Left shift

Parallel input Bits

& B: B Bes s

Senal input

Senalinput ___ g SSSSSS—— | e for left-shift
for nght-shift
S
S -
FF1 (2 S 1 [ — FFn-1 FFn
ok Qi @ an-1— ck Q-
Clod(-[—v CIR r clk CIR ]_, Clk chn 1 r -
| S e RPN
Clear l
Qk Q; Qnt ‘/Qn

Parallel Output Bits




USR: Parallel Load

e Parallel Load

Parallel input Bits

Bg n! Bn

Senal input
Senalinput _ @ ® & R e —— for left-shift
. Q
for nght-shift - I “Q. — 1
5 3210 13210 3210

41 | |venn 41 41
MUX; |1 MUX.4 MUX,

Lo,

Parallel Output Bits




USR: All In Onel

* Hold

* Right shift

* Left shift

* Parallel Load

Parallel input Bits
A

B| BZ 0 Bt B,,\

Senal input
Senal in g O (e for left-shift
fornght-shift |l.. I ::u- I ' \:- . ; O Pl geeesssely ¥ § g
g |32 0 3210 3210 m3I210 3210
| 4 dx1 TOTI [ - 41 4x1
St MUX, MUX; MUX; MUXq1 MUX,
Q;
D;
D1 Q1 D2 Q2 Dn-1 Qn- Dn an
FF1 270 L E— FFA-1 FEN
ck Qi @ an-1}— Clk n
Clock-[—» - r Ck I—vdk T aR
; LM A
Clear l | I
Ql 02 Qn-l Qn/

Y
Parallel Output Bits




USR: All In Onel!

* Hold
* Right shift
. Parallel input Bits
e Left shift AL
 Parallel Load & B: B; B B Saia inpu
Senalioput | | e — — for left-shift
fornghtshit I [ 1 I ! S % Qnz ! 1 T | [
.. 3210 3210 3210 3210 3210
A dx1 TR [ P 41 4x1
St MUX; MUX; MUX; |+ o MUXps MUX,
Lo, ©
DI Q1 D2 Q2f Dn-1  Qn-1f1 Dn anp
FF1 2| FFn-1 FFn
ko @ an-1— Q-
Cloek-[» c oR rclkm I-.cm ™ I_.ctk w an
[ | T | |
Clear l I
Q& 02 Qn-l /Qn

Parallel Output Bits
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Shift Register Application

» Send/Receive data from computer/input device to output device /computer

* Converting between serial data and parallel data

o Parallel data
o Computers typically work with multiple-bit quantities

o Serial data
o Keyboards, mice, printers.

o Serial port, USB, Firewire
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Standard TTL Shift Registers =
Device Features
7491A 8-Bit, serial in, serial out
7496 5-Bit, serial in, serial out, asynchronous preset,
parallel out, common clear
74164 8-Bit, serial in, serial out or parallel out, common clear
74165 8-Bit, serial in, serial out, asynchronous load, clock inhibit
74179 4-Bit, serial in, serial out, common clear, synchronous load,

parallel out, synchronous data hold
74194 4-Bit, bidirectional, serial in, serial out, synchronous load,
parallel out, clock inhibit, common clear
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74164: 8-bit, Serial In, s 19
Serial/Parallel Out
e T T

Gk DC_ i - | »- (g ® A v J)ﬂ (l)_* (J) l

1
Serial { A (_) Clear Clear Clear Clear Clear. Clear Clear Clear

B— R0 R 0 R Qc RO R O RO R O R 0Oy

> CK - cK - K - K -CP> K -CP CK -P K - cK

[>O-s s %S < S OS5 &% +5 %[t QH-—|
(13)

inputs

3) 4) ®) (6) (10) (11) (12)
Output Output Output Output Output Output Output Output
on Op Qc Op O O G On
Inputs Outputs (Serial output)
Clear | Clock | A B |Q4 O ... QOn
L X X X1L° Lk L
H L | x X |0sw@Qs  CrHo
H T |H H|H Qu . Qon
H T L X |L Oa QGn
H T [x L|L Ot  Q6n
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inputs

Clock = LMMMLUULLLurin.

Outputs <
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74194 4-bit, Serial In,

u‘/n’.:»'fuﬁﬁ/b
Serial/Parallel out
» 74194: 4-bit, bidirectional, serial-in, serial/parallel out shift
register
o Asynchronous common clear
° Synchronous load
Inputs Internal signals
G=4,8,C,D)
Clear S0 St—Clock S; Mode
L s X X X Asynchronous clear
H L L X X Clock inhibit (data hold)
H L H T Qi1 Shift left
H H L T i1 Shift right
H H H T i Parallel load
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Internal clock CK = CLOCK + SQ’<S1’
> When SO and S1 are both 0, CK = 1; hold

Set input of internal FF (e.g. B) is
Sg = QeSO + QST + BeS0-S1

©§1=1&S0=0 = Sg = Qg; shift left
©§1=0&S0=1 = Sg = Q,; shift right
°©S1=1&S0=1 = Sg = B; external load

o Synchronous parallel load
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Shift Shift
right Parallel inputs left
serial f Vo ~  serial
input A B C p  input
(2) (3) 4) (5 ®| @
9 C{>
SO ¢ *—
Mode
control (10) e
S1 —4 > l
| i Q I
Clock &’ ) 4 ——
Clear ' o &
7 5 4 5 4
CLR CLR CLR CLR
R * R R R
—> CK —P> CK =P CK -—CP CK
—(1>—S QA-o-CD—S QB—L-4>—S QC—O-C{>—S i m
741 94 (15) (14) (13) (12)
Oa Op Qc Op
40/30 ’ :

Parallel outputs
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