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I outputs

7.1  ASYNCHRONOUS COUNTERS

BINARY COUNT BINARY COUNT

DECIMAL 8 4 2 1 DECIMAL 8 4 2 1

COUNT

0

1

2

3

D C B A COUNT D C B A

0  0 0 0 8 1 0  0 0

0  0 0 1 9 1 0  0 1

0 0 10 1 0 1 0  1 0

0 0 11 1 1 1 0 1 1

0  0 0 0 1 2 1 1 0 0

0  0 0 1 1 3 1 1 0 1

0 0 10 1 4 1 1 1 0

0  1 1 1 1 5 1 1 1 1
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x0 XI x2 X3

Qo -(I PI ---(I Q2  -) Q: -
Clock
-> To --> TI -> T 2 ->  T 3

P O Fl F2 F3

VQWfl~WUQ~~~Q5  RIPPLE COUNTER

J
(14)_  cp
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FP 0 4CP ah--o  CP I- CP
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& 7.4 A 4 BIT RIPPLE COUNTER
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Qo -8 QI  -0 Qz -

Clock
-> To ->T, -> Tz

00 = a 3 02 =

FO FI F2

7.2 RIPPLE COUNTER

*0 XI Xl

e,  -’ PI --,I Q2-

Clock
-> To -> G -> G

2

c
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Clock

Y!s

x0

XI

X2

s s =  0 up CO”“t
s = 1 Downco”“t

(4

x0 Xl

s’
p& 7.9 An Asynchronous Up/Down Counter
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7.4 ASYNCHRONOUS DECADE COUNTER

2O 0 1 I 0 I 1 I 1
I I
I I

2' 0 0 1 1 0 '0'  . 0 0

I

22 0 0 0 0 1 1 ' 1 0 0
I

ldff  7.10 Divide by 5 decode and clear counter
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$aQh 7.1 fll300flllPlPl Divide by 10 decode and clear counter

Decimal Bill-

0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001

10 ** 1010

2’ 22 23

;E(i  7.11 am5 DIVDE BY DECODE AND CLEAR COUNTER
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8x1pilS 7.2 aNmkh%dU~d 7.12 6&.6¶fiki 3 ih Asynchronous Counter fh 0 - 5 ( 000 -

101 ) ME&&J  0 %Hi  IRfJ%G  J-K Flip Flop Vh~lUWlU  T Flip Flop

C l o c k  -
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6h.iW 7.4 1dilih~dlJ~d 7.14. IihWik~ 3 y’8 Asynchronous Counter hhl 3- 7 ( 011 -

111 ) m&6.1  0 hri h~t# D Flip Flop

$! 7.14 aNmh.l 3 &I%wJ%#D  Flip Flop

t
Count  decoder

detects “0”
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7.5 Down Counter
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Clock

XI 0 0 I I 0 0

(b)

EE(i  7.16 b) hMbWJlaala405~IJ

$aQdls  7.6 asosu'nr  3 bit synchronous binary down counter

X0 X1 Xl

Clock

1 Fo Fl F2

L J o  00 - JI 41 - - 12 Q2-

7’ > >

Ko 60’ ‘-K2  &D

I

x0
i

XI
I I

! I !

x2 1
state: 0 7 6 5 413 2 IO 7
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hh 7.7 ?-NIS%I  3 bit synchronous binary Up counter

1

J o  Q o Jz Q2-

> > >

Ko 00  3 KI 6, o -K2 i&o

I

Clock
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+vm=

Time  a ; c d P  f g h i

t
Count 0 1 2 3 4 5 6 7 0 t

t t t t t t

Ibl ICI

CT 455 237



238 CT455



7.8 SYNCHRONOUS DOWN COUNTER

‘02 2’

1 - J 0 1-J 0 l--J 0

a2  A c>  6

l--K a ‘YK a a
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7.9 THE UP - DOWN COUNTER

,UP UP

0, 1, 2, 3, 4, 5, 4.  3,  2, 3, 4, 5 , 6, 7, 6, S, etc._..
- -

down down
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LIP/DOWN

CLK

_ Q,, UP

I

zE( 7.23 SYNCHRONOUS UP - DOWN COUNTER

UP/DOWN - UP -6 DOWN - + L’P  +-DO\\‘“*’
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z¶-d 7.25 General Clocked sequential circuit

~uo9Qu”,saQ”ltuEl~~~~Q~~~
1. &JPd  State Diagram

~'dl~fll3dW  State Diagram VW 3 bit Gray code counter ~$VJfll~~¶l&<

000 001 011 010 110 111 101 loo 000 001 mzamw.&qn’u

l o o 001

a::s

101 011

1 1 1 010

110

242 c-i 455



Y

&dPKd  2 Next state table
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Wl 19 Transition table for 3 bit Gray code counter

Output State Transition Flip Flop Inputs

42
P-+N

O-30

O-90

o-30

O-3 1

l-+1

l-31

Ql QO (Present state)

P-+N P-+N  J,K, J,K, J,K,

O-30 O-31  ox ox 1x

O-3 1 l-31 0 x 1 x x 0

l-+1 l-+0 0 x x 0 x 1

l-+1 o-+0 1 x x 0 0 x

l-+1 o-+1 x 0 x0  1x

l-30 l-j1 x0  Xl x0

1 1+1  1 o-+0  1 I-30  1 x 0 0 x x 1

I l-30  I O-90 / o-+0  I x 1 0 x 0 x
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Q, Q,,

- -
J,, = QzQ,  +  QzQl- -

Ko  = QZQI + QzQl-
JI = QzQo
KI = Q2Qo-
Jz = QIQO
K2 = VIB
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I I
I

J

I f

1. State Diagram

2. Next‘state table

Present Stare I Next State

Q:  QI  Qo Qz  Q, Q,
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2. Transition table
Trunsirion tub/e.

Output State Transitions Flip-Flop Inputs
Q2 Ql QO (present state)

Present -+ Next Present +  Next Presen t  - Next JIK, JIK, J&O

o-+0 P+l I+0 o x 1 x: x1
041 140 o--*1 1 x :
1-l O-1 I-,  1 x0

x 19 ;::  ,:.  1 x :

i-0 .l  -,  0
1 Y:

1-l X l X l
,“FX  0’2

X0”

Q,Q

QzQ
I

Qz Q
I

Q2  Q

I

4. Input Logic

Jo = 1, Iv0  = Q*
J, = K, = 1
J2 = Kz = Q,
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5. a.mn03n

i-
Q" I Q, ?I

I I I I I I

C L K

1. b&lPd  State diagram

2dG7.30  State Diagram
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2. Next State Table

Present State
Qc  Q QA I

Next State
Qc  a.  QA

0 0 0 0 1 0
1 0 0 0 1 0
1 1 0 0 1 0
0 1 0 0 1 1
0 1 1 1 0 1
1 0 1 0 0 1
0 0 1 1 1 1
1 1 I - 0 1 0

3. Transition table

Present State Next State
Qc  QB  QA Qc  QB QA

0 0 0
1 0 0
1 1 0
0 1 0
0 1 1
1 0 1
0 0 1
1 1 1

0 1 0
0 1 0
0 1 0
0 1 1
1 0 1
0 0 1
1 1 1
0 1 0

Present Inputs
Jc Kc Js 61 JA  KA

0 x 1 x 0 x
x 1 1 0 x
i x  1 X x

i
0 0  1 x

1 x x 1 X i
x 1 0 x x 0

1 x 1 x x 0
X 1 x 0 x 1
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Jc=QA Kc = 1 by inspection of table

(a)

J B  = QCQA

(b)

0 0 0 x

0 1 1 x

3
1 1 0 x

1 0 0 x

JA=.&.QB KA = QCQB

Cc)
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5. flK&Jwa,,,a,~fl

&10I.l~  2 Nerxt State Table

Present  state Next State
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w

$k%%!w”  3 Transition Table

Qz Q
a, T

IQ,"

QI Q Q,Q

Q, Q,,y

252
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4. Input Logic

Y-

CLK

-- - - --
Jo = QzQ,Y  + QzQIY  + Q2QlY  + QIQIY-
KI = QzQIY  + QzQ,Y  + QzQIY + QzQJ-
JI = Q,QoY + QzQoY- -
KI = QzQoY  + QzQoY- - - -
-‘2 = QlQoY + QIQoY- -  - -
K2 = QIQJ  + Q,QoY

Jo

=-c

K,,
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3 . sen”wslnri,asosu’nrielnlii*  II:%+  .I -K Flip Flop “nk

3.1 M O D - 7 3.2 M O D - 12 3.3 MOD-25 3.4 M O D - 9
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