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Synchronous counter :

The synch. Counter is one in which all the flip flops in the counter are clocked at
the same time by a common clock pulse.

Design of synch. Counter:

JK Action of next clock pulse
00 NC Qe+1 = Q¢
01 0

10 1

11 Toggle Q.1 =0Q;

Transition table:

Present  Next
output output
Qr | Oy | ] K J K
0 0 O O 0 X Q: Qr+1 J K
0 1 0 0 0 X
0 1 |10l 1 x 0 1 | 1X
1 1
1 0 X1
0O 1
1 0 X 1 1 1 X 0
1 1
1 1 0 0 X 0
1 O
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2- bit synch counter

CLK| BA BA, | JpgKg | JaK4
0 ] 00| 01 | 0X [ 1X
1 01 10 1X X1
2 | 10 | 11 | X0 | 1X
3 |11 [ 00 | X1 [ X1
Using k-map:
B\A 0 1 B\A 0 1 N‘ 0 1 B\A 0 .
v O ll 1 0 X [x 1 0 T m o .
: l"-«??-’J il O l-.,f.l__.-J 1 @J 1| x 1)
Jo =4 Kz =4 Ja=1 Ka=1
High 1
Ja A Is 8
K .El — Ke E I
CLK
o LR
A ° o 1 ‘- o E
B R
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3-bit synch counter:

CBA

000
001
010
011
100
101
110
111

C:BiA; JcKc JpKp

001 0 X 0 X

010 0 X 1X

011 0 X X0

100 1X X1

101 X0 0 X

110 X0 1X

111 X0 X0

000 X1 X1

cB

A 00 01 11 10

ol O 0 X X

1|l 0 1 X X
Jc =BA

c8 00 01 11 10

ol O X X 0

1 X X 1
Jg=A

¢8 00 01 11 10

ol 1T | 1 1 I

shx | ox [ ox [ x/
Ja=1

Ja K,
1X
X1
1X
X1
1X
X1
1X
X1

CB
00

01 11

0 0 0
1 1 0
K- =BA
CB
00 01 11 10
0 X X
]
Kg=A
B
00 01 11 10
ol x | x X XN
1 ![ 1 ]/

KA=1
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ex: design a divide-by - six up counter (synch.)

CLK

AU D W =IO

CBA

000
001
010
011
100
101
000

C:BiAy JcKc
001 0 X
010 0 X
011 0 X
100 1X
101 | X0
000 X1

110,111 is skip, JK is don’t care

Je Kp

0 X
1X
X0
X1
0 X
0 X

cB
A 0o 01 11 10
ol O 0 X X
il O 1 X X
Jc = BA
CB
A 00 01 11 10
ol O X X 0
|1 x X 0
Jg = AC
CB
A 00 01 11 10
ol 1 1 X I
1 w X X V
Ja=1

JaKy

1X
X1
1X
X1
1X
X1

cB
00 01 11 10
ol x X X 0
[ Cx X X 1
Kc = A
c8
00 01 11 10
ol x 0 X X
x| 1 X X O
KB = A
CB
00 01 11 10
ol % X X\
1 \1 X 1/
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ex: design a synch. Counter that has a repeated sequence of five state as:

~--»000 ---» 001---»010 ---» 100 ---» 101 ---»

CLK |CBA |C;BA;| JcKc | JpKp | JaKy
0 000 001 0 X 0 X 1X
1 001 010 0 X 1 X X1
2 010 100 1 X X1 0 X
3 100 101 X0 0 X 1X
4 101 000 X1 0 X X1
5 000
CB cB
A 00 01 11 10 A 00 01 11 10
ol O 1 X X o| x X X 0
i I X X X 1| xC X X 1>
Jc=B Ke=A
CB
A 00 01 11 10 ACB 00 01 11 10
ol 0 X X 0 o/ x 1 X X\
1| X X 0 1 [\ x X X V
]B = AC_‘ KB = 1
cB
A .___00 ol 11 10 A c8 00 01 11 10
0 j.\ 0 X /1 0 ﬁ X X h
x| x x |\ x 1IN X 1/
Ja=B Ky=1
AC
— ] A I B Ie C
o~ —> —O0>
2 Ka Al— 2 Ke B Ke c
CLK “




145 | LOGIC

ex: design synch. Cct to count the first nine state of 8421 binary code
Investigate what happens if the counter goes into any of the cannot happen state

0---»1--->2---»3---» 4
+ |

DCBA | D.C:BA, JpKp | JcKc | JpKpg Ja Ky

0000 0001 0 X 0 X 0 X 1X
0001 0010 0 X 0 X 1 X X1
0010 0011 0 X 0 X X0 1X
0011 0100 0 X 1X X1 X1
0100 0101 0 X X0 0 X 1X
0101 0110 0 X X0 1 X X1
0110 0111 0 X X0 X0 1X
0111 1000 1X X1 X1 X1
1000 0000 X1 0 X 0 X 0 X
1001 X X XX X X X X X X X X
1010 X X XX X X X X X X X X
1011 X X XX X X X X X X X X
1100 X X XX X X X X X X X X
1101 X X XX X X X X X X X X
1110 X X XX X X X X X X X X
1111 X X XX X X X X X X X X
DC DC

BA 00 01 11 10 BA 00 01 11 10
o| 0 0 X X L X X RN
| 0 0 X X o X X X X
u|l 0o [ (1 X | x )l X X X X
| 0 0 X X o~ | X X x/

Jp = ABC Kp =1
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DC

DC

10

X)

11

01

00

BA

0o

01

11(X

10

10

X)

11

01

00

BA

00

01

ul( 1

10

K. = AB

Jc = AB

DC

DC

10

X
X/

11

01

00

BA

00

01 /X
11 Kj_

10

10

X
X/

11

01

00

BA

00

01 /1
11 K)(

10

Jg=A

DC

DC

10

11

01

00

10

11

01

00

BA

o[

01

11

10 \LJ/

I
I

ob—

Ja

— Ka

CLK 4.
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Preset
DCBA Jp Kp Jc K¢ Js Kp
1001 01 00 11
1010 01 00 00
1011 01 11 11
1100 01 00 00
1101 01 00 11
1110 01 00 00
1111 11 11 11
B 0wt im
‘ *} ________ 1"
O0---»1---»2---»3---» 4
* 1

JaKy

0

olo o oclolo
RiR|[R R R R

1

D,C,B,A,

0010
0010
0100
0100
0110
0110
0000
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Synch. Up - down counter:

ex: design synch. Counter using JK flip flop and any extra logic cct's needed to
count the sequence 0,2,4,6 when the control line D= 0, and count the sequence
6,4,2,0 when the control line D=1

If the cct falls into any disallowed states, it should go always to the reset state.

D |CBA CBA, JcKc JsKp JaKy

0 000 010 0 X 1X 0 X

0 010 100 1X X1 0 X

0 100 110 X0 1X 0 X

0 110 000 X1 X1 0 X

0 001 000 0 X 0 X X1

0 011 000 0 X X1 X1

0 101 000 X1 0 X X1

0 111 0060 X1 X1 X1

1 110 100 X0 X1 0 X

1 100 010 X1 1X 0 X

1 010 000 0 X X1 0 X

1 000 110 1X 1X 0 X

1 001 000 0 X 0 X X1

1 011 000 0 X X1 X1

1 101 000 X1 0 X X1

1 111 000 X1 X1 X1
DC DC

BA 00 01 1 10 BA 00 01 11 10
o| O X |Cx | 1) wo| X 0 /fm
ool O X X 0 o1 (}( 1 kJ}H
ul O X X 0 1 W h 1 )g)
w|( 1 X)| X 0 ol X | 71 o X

Jo = ABD+ ABD = A(B 6 D) Kc=A+BD+BD=A+(B®D)
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DC DC
BA™ 01 11 10 BA 00 01 11 10
00 1 1 1 1 00 0 0 0 0
01 0 0 0 0 01 X X X X
ul X X X X ul X X X X
10 X X X X 10 0 0 0 0
]B = E ]A =0
KB = 1 KA == 1
D
|
Ol A 5 B ﬁ )_LLJ— I
Ak A 1 Bl _l Ke
CLK
Synch. Counter using T flip flop:
Transition table
Q Q: T T Q Q;
0 0 0 —T U= 0 0 0
0 1 1 K —> 0 1 1
1 0 1 B 1 0 1
1 1 0 e 1 1 0
T=Q0+Q: ; Q:=Q+T
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ex: design mod 8 synch. Counter using T flip flop

CBA | C,B,A, T, Tp T, T -1

=
000 001 0 0 1
001 010 0 1 1
010 011 0 0 1
011| 100 1 1 1 Py v u w3 e o w
100 101 0 0 1 oL O N O 0
101 110 0 1 1 e I N S -
110 111 0 0 1 Te=4 Te = AB
111] 000 1 1 1

AB

! A Bat
I T8 B - cl_

=|
|
]

CLK

H.W

1- design a mod 4 up - down parallel counter using control line Z
Z = 0 up counter , Z = 1 down counter,

2- design synch. Divided by six up counter arranged so that any transition from
unused state end at the first used state.



