Digital Design
Lecture of week 11
Dr Manal Tantawi




Analysis of Sequential Circuits
1) Logic Diagram

2) Expressions for external outputs (if exist)
and inputs of flipflops

3) State Table

4) State Diagram




Analyze the following circuit and then derive
its state table and diagram

J A
> Cik
x {>c . D .
J B
1> cik
] > K
Clock




» One external input
» No external output
» Two J K flip flops

JA:B KA:BII
Jg=x' Kgy=A'x+Ax' = AP x

> Clk

> Clk




B K, = Bx'

X

" Kp=A'x+ Ax' = A@x

State Table for Sequential Circuit with JK Flip-Flops

Present Flip-Flop Next
State Input Inputs State

A B X Ja Ka Je Kge A B

0 0 0 0 0 1 0

0 0 1 0 0 0 1

0 1 0 1 1 1 0

0 1 1 1 0 0 1

1 0 0 0 0 1 1

1 0 1 0 0 0 0

1 1 0 1 1 1 1

1 1 1 1 0 0 0




JK Flip-Flop

] K | Qu+ 1)
0 0 Om) No change
0 1 0 Reset
1 0 1 Set
. . ) . . 1 1 Q') Complement
State Table for Sequential Circuit with JK Flip-Flops
Present Flip-Flop Next

ate Input Inputs te

A i x Ja Ka Is Kge A i
0 0 0 0 0 1 0 0
0 0 1 0 0 0 1 0
0 1 0 1 1 1 0 1
0 1 1 1 0 0 1 1
1 0 0 0 0 1 1 1
1 0 1 0 0 0 0 1
1 1 0 1 1 1 1 0
1 1 1 1 0 0 0 1

/



JK Flip-Flop

J K | Qn+ 1)

0 0 Om) No change

0 1 0 Reset

1 0 1 Set

1 1 Q') Complement

State Table for Sequential Circuit with JK Flip-Flops

Present Flip-Flop Next
Sta. Input Inputs Stnt'
A B X Ja Ka s Kge A B
0 0 0 0 0 1 0 0 1
0 0 1 0 0 0 1 0 0
0 1 0 1 1 1 0 1 1
0 1 1 1 0 0 1 1 0
1 0 0 0 0 1 1 1 1
1 0 1 0 0 0 0 1 0
1 1 0 1 1 1 1 0 0
1 1 1 1 0 0 0 1 1
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Analyze the following circuit and then derive
its state table and diagram

One external input
One external output
Two T flip flops

TA=HI
TE-=..'I:
v =AB

}

> Clk

}}__

> Clk

Clock



Tﬂ = Bx
Iy

= X

y=AB

Present

State

Input
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Tﬂ = Bx
Iy

= X

y=AB

Present

State

Input

Tb

Ta




T Flip-Flop

T, = Bx T Qn+1)
0 Om No change
TE' = X 1 Q') Complement
y=AB

Present Next

ttate Input te

A B x Ta Tb A y

0 0 0 0 0 0) 0

0 0 1 0] ] 0 0

0 1 0 0 0 0 0

0 1 1 1 ] ] 0

1 0 0 0 0 1 0

1 0 1 0] ] 1 0

1 1 0 0] 0 1 1

1 1 1 1 1 0 1




T Flip-Flop

T, = Bx T  Qu+ 1)
0 Om No change
TE' =X 1 Q'm) Complement
y=AB

Present Next

itatl Input ‘ Stat

A B x Ta Tb A B y

0 0 0 0 0 0O O 0

0 0 1 0 1 0O 1 0

0 1 0 0 0 0O 1 0

0 1 1 1 1 1 O 0

1 0 0 0 0 1 O 0

1 0 1 0 1 T 1 0

1 1 0 0 0 T 1 1

1 1 1 1 1 O O 1
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Analyze the following sequential circuit, find state
table, state diagram and the repeated sequence if
exists. is it self correcting ? why ?

CLK




Da = Cn

Db = An’

Dc = Bn

An+l |Bn+1l |Cnh+1

Dc

Db

Da

Cn

Bn

An




Da = Cn

Db = An’

Dc = Bn

An+l |Bn+1l |Cnh+1

Dc

Db

Da

Cn

Bn

An




An|Bn |Cn|Da |Db [Dc | An+1|Bn+1 |Cn+1




Two existing loops

1) 1and 6
2) 7,5,4,0,2,3




Not self-

correcting
counter

Two existing loops

1) 1and 6
2) 7,5,4,0,2,3

Self correcting counter
contains only one loop



Programmable counters

«— Clear
4-bit binary
<+—| counter with

Parallel load [¢«— CIKk

rrt

I8 4 12 I

<+— Count

Carry
output

Clear Clk Load | Count Function
0 X X X Clear all
1 1 X Load input
1 1 0 1 count
1 3 0 0 Mo change




Programmable counters
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Frequency division (F/n)

«— Clear
4-bit binary
<+—| counter with

Parallel load [¢«— CIKk

Carry <+«— Count

output

+— Load

rrt

I8 4 12 11

.



Frequency division (power of 2)

a4 4 [ L4 [ [ s [ L4 L4

LS S 0 S S S B S I Y

Tal = 2 Tak

Fo1 = 1/ 2 Tek
FQ1 = Fak/ 2

.



Frequency division (power of 2)

STONr S N S N S A S S S S S S A S v Y A Y A N W A S ' S

T2 = 4 Tak

FQ2 = 1/ 4 Tk
FQ2 = Fak/ 4

.



Frequency division (power of 2)

Par 0 e A o I s 0 s o I s o o 1 o 1 o 1 o I o P Y

Tqs = 8 Tak

FQs = 1/ 8 Tk
FQ4 = Fak/ 8




Frequency division (power of 2)

Par 0 e A o I s 0 s o I s o o 1 o 1 o 1 o I o P Y

Q4 0 0 0 [ 1 1 1 1 [0 0 0 0 [ 1 1 " .l
Q8 0 0 0+ ' 0 0 0 0 i 1 1 1 1 1 1|
T
Tas = 16 Tclk

FQs = 1/ 16 Tk
FQ8 = Fck/ 16




Frequency division (power of 2)

F/1T6 F/8 F/4 F/2

Hiy

«— Clear

4-bit binary
<+—| counter with

Parallel load [¢«— CIKk

rrt

I8 4 12 11

.

Carry
output

<+— (Count

+— Load




Frequency division (F/n)

» Counter mod n
» EX: n=6 togetf/6

From the beginning (using load)

Q8 |Q4 [Q2 | Q1 | load
0 |0 0 0 |0
0 |0 0 1 0
0 |0 1 0 |0
0 |0 1 1 0
0 |1 0 0O |0
0 |1 0 1 1




Frequency division (F/n)

» Counter mod n
» EX: n=6 togetf/6

From the beginning (using load)

Q8 |Q4 [Q2 | Q1 | load
0 |0 0 0 |0
0 |0 0 1 0
0 |0 1 0 |0
0 |0 1 1 0
0 |1 0 0O |0
0 |1 0 1 1

Carry
output

Q8 Q4 Q2 :%1
t 1t

4-bit binary
counter with
Parallel load

4—— Clear 1
«— Count |

«— Clk

Pt

L L L I
0 0 0 0

A
Load \_7



Frequency division (F/6)

Q load
0 0 0 0 0 05 s 2 (%l
t} g
; ; ; ] : «— Clear ]
o o |1 Jo [o o Sbitbinary o ooo
outp;t «—| counter with ]
¥ 0 | ! ° Parallel load [ Clk
0 1 0 0 |0 FF f f Loa IR
0 1 0 1 1 Cnn F/6
0 00 o
CLK _+ } ] I I |
Load | | J
Tload Tiosd — 6 Telk

Fload = 1/ 6 Tak
Fload = Fck/ ©




Frequency division (F/n)
» Counter mod n
» EX: n=6 togetf/6

From the beginning (using clear)

Q8 [ Q4 | Q2 | Q1 | clear

1
1
1
1
1
1
0




Frequency division (F/n)

» Counter mod n

» EX: n=6 togetf/6
Q8 Q4 Qtz Q1 ‘
From the beginning ( using clear) I P Clear C_
Q8 1Q4 | Q2 |Ql | clear Canry *bi'binafbl; «— Count |
<«—| counter wit
0 0 0 0 1 i Parallelload [«— Ck
¢__Load0
O |0 0 1 1 1 F/6
0 0 1 0 1 L L L L
O |0 1 1 1
0 |1 0 0 |1
0O |1 0 1 1
0O |1 1 0O (0




Frequency division (F/n)

» Counter mod n
» EX: n=6 togetf/6

From the middle

Q8 Q4 [Q2 | Q1 | load
0 |1 0 1 0
0 |1 1 0 |0
0 |1 1 1 0
1 0 0 O |0
] 0 0 1 0
1 0 1 0 |1




Frequency division (F/n)

» Counter mod n

» EX: n=6 togetf/6

8 Q4 %2 Q1
From the middle t 1 1
«— Clear |
Qe[ @2 [ai [foad | e | s [ con
output
0 ] 0 ] 0 Parallelload [+— Clk
/_
0 |1 |1 |0 |o FFF f Lea\_|——
0 1 1 1 0 L L L L
0 1 0 1

] 0] 0 O (O F/6
] 0 0 ] 0
1 0 1 0 1




Frequency division (F/n)

» Counter mod n
» EX: n=6 togetf/6

From the end

Q8 Q4 [Q2 | Q1 | load
1 0 1 0 |0

1 0 1 1 0

1 1 0 O |0

1 1 0 1 0

] ] 1 0O |0

1 1 1 1 1




Frequency division (F/n)

» Counter mod n
» EX: n=6 to getf/6 Q8 Q4 Q2 q1

«— Clear 1

From the end 4-bit binary

Carry : «— Count |
counter with

Q8 1Q4 |1Q2 |Ql load ol Parallelload [+— CKk
T Lo |

L L L I
1 01 o0

F/6

0
0
1
1
1
1

— ] O| O O| O O




Next Lecture we will explain
Computer Memories
Thank you

.



