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Figure 6.1
Four-bit register.
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Figure 6.2
Four-bit register with parallel load.
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Figure 6.4 B
Serial transfer from register A to register B.
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Serial-Transfer Example.
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Table 6.2 AR
State Table for Serial Adder. e e
Present State Inputs Next State Output Flip-Flop Inputs
Q = e - L
() 0 () 0 0 0 X
0 0 1 0 1 0 X
0 1 () 0 1 0 X
0 1 I | 0 1 X
1 0 () 0 | X 1
| 0 1 | 0 X 0
1 | () 1 0 X 0
1 1 1 I 1 X 0
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Figure 6.6
Second form of serial adder.
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— Motk A ZE 2 XIAE (universal shift register)
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Figure 6.7 — } Table 6.3
Four-bit universal Function Table for the

| Register of Fig. 6.7.
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Figure 6.8

Four-bit binary ripple counter.

r - Ao
- v Ay
—d> ( B
9
]
T A;
o (‘R
T
r A
> ¢ R
?
Loge )
Kewr

() With T Rp-fope

@ Pearson

4

= g

_qt

1) WA 22 Nip-Bogm

- Ay

Table 6.4
Binary Count Sequence.

0 No

0 0 0 1 D falling edge
0 0 | )

0 0 1 1

0 l ) 0 ) 0 :F

0 1 0 1

0 | 1 0

0 1 1 1

1 0 0 0

\4
SHOR B H|E M HiE

0011 -> 0010 - 0000 - 0100
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4-bit D-Type Flip-Flop Down Counter

Binary Down Counter

Q4 Qs Qe Qp
L D QH-e L D Q H-e L D QH-e L D Q
—pCK >CK >CK >CK
QL Q L QL QL
R < R R R
RESET ‘ * * |

Qg Q4 Q, Q

1 1 1 1 © www.petervis.com
1 1 1 0

1 1 0 1

1 1 0 0

1 0 1 1

1 0 1 0

1 0 0 1

1 0 0 0

0 1 1 1
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Figure 6.9
State diagram of a decimal BCD counter.
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Figure 6.10
BCD ripple counter.
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Figure 6.11
Block diagram of a three-decade decimal BCD counter.

Qs Oy Q2 Qs Qs Q2 O Qs Qi Oy Q
Counter Counter |7 Counter . pulses
10° digit 10" digit 10" digit
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6.4 =J|4 II2H (Synchronous Counter)
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Figure 6.12
Four-bit synchronous
binary counter.
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Figure 6.13
Four-bit up—down binary counter.
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*BCD Jt=2H
— 2829 = IESHE 108 =5 00000 A 1001 LAl Al L2, CHAI
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Table 6.5
State Table for BCD Counter.
Present State Next State Output Flip-Flop Inputs
Qs Q Q QO QB Q& Q Q@ Yy 0 ks 4 T2 T

{ 0 0 0 0 0 0 | 0 0 () 0 |
{ 0 (0 | 0 0 | ( 0 0 () | I
{ 0 | (0 0 (0 | | { ( () . |
{0 0 | 1 0 0 0 0 0 ] | I
1 0 { () 1

| 0 { {) () | I
) |

|

|

|

| ! () ) ()

0 ! | 1 l 0 0 0 0 1 | |
1 0 0 0 | 0 0 1 0 0

] 1) 0 | 0 0 () {) | |

— I HO 2 2t255 0, I AS 100 A 157Kl = don’tcare &2 &2
|

Ta1 =1, Tqe = Qg'Qq, Tas = QuQ4, Tag = QgQ4 + QQQ;
y = QgQ;
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Four-bit binary counter with parallel load.
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Figure 6.15

Two ways to achieve a BCD counter using a counter with parallel
load.
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Load <— Count = | Clear_b — Coynt = |
Counter o Countet N
. 7 a air h = () - ok = ()
of Fig. 6.14 R of Fig. 6.14 —Load =\
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A A A A A E 3 A
Inputs = {) [aputs =0 ‘
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(a) Using the load input (b) Using the dear input
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6.5 LIE S72 JI=H

JI2H= S22 A Ha =M JiIsoteEs EHE = AU
« 2 ==2-N J}2E (modulo-N counter)& é* 2 A& N == II2H (divide-
by-N counter)= NJIHX| & B2 =M E Bt=6t= II2H S
MEZX 2= AEHE JHE II2H
- nlli2 EEESE2 It 3l2= 202 2& AEIE JHXIXIBH 2 &
AEND 2 R0HA 22 = %1%. MEBEX 2= & tHe & e 0
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« OtcH H2 JIEH= 61 &l =A= Bt=&. A==
OfLI 2 Ot 1112 & &AlEeE ZS & Al 23,
Table 6.7
State Table for Counter.
Presenl State ;e; ;late ;llp—ﬂop ;t;puts
A8 € . i h K B K S K
{ 1} () (0 0 1 0 X b | X
0 0 1 0 | { 0 X | X X |
(0 ] 0 | 0 0 ] X X ] { X
0 ( 1 ‘ 1 X ) X | b
] | | | 0 X 0 1 X X I
[ 1 0 0 0 0 X | X | ( X

- 3MA IK=E=5= 0ISoi A £ HotH

28 ==t

J =B Ki=B
Jg=C Kg =
Jo=B Kg = 1
~ BYNOR 12 6.16 (@)W =2 T AN E
— 0] B2, MG Xl &2 11130112 CHS AENOl CHBIl A 24
o Q
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Figure 6.16
Counter with unused states.
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Figure 6.17
Generation of timing signals.
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Figure 6.18
Construction of a Johnson counter.

> C —> ¢ —>C —> ¢

b— A’ b— B’ p— " D-

CLK — - *
(a) Four-stage switch-tail ring counter

Flip-flop outputs

Sequence AND gate required
number A 8 6 & for output

1 0 1 0 1} A'E

2 1 0o 0 0 Ab

3 1 ] 0 0 s8C

4 1 1 1 0 CE'

5 1 1 1 | AE

§] { 1 | | A'B

7 0 0 | 1 B'C

b} 0 1 0 i C'E

(b) Count sequence and required decoding

@ PeaI‘SOIl Copyright © 2019 Pearson Education Ltd.



- & JIEH

— 2K 2| &fEH0ll &fSot= B0l
O

0

1013 2% & 21

6.18 (C)& X)

010|o Jj40| EHOIY AIRAS PEE [, ZSYUEES £=
F1012) AlS #40 HBH0| €11, CI2E HOIE2Q| 2= E10|2
MBSO M40t 2, 2-218 HOIEQUS BRZ &

Copyright © 2019 Pearson Education Ltd.



