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A Sequential Parity Checker

O When binary data is transmitted or stored, an extra bit (call
a parity bit) is frequently added for the purposes of error
detection

B Odd (even) parity: the total number of 1's in the block,
including the parity bit, is odd (even)

Example (8-bit words with odd parity)

7 data bits  parity bit
:1
OOOOOOliO 1010000 0
01101101 T

101010111
01110000 error occurred

H_J

8-bit word




A Sequential Parity Checker

0 A parity checker for serial data

B Z = 1 < the total number of 1 Block diagram
inputs received is odd (i.e., input

parity is odd) Parity
~ — 0 initiall X —» — Z
“ nitially (data input) S
Clock
X 1 0 0 1 1 0 1 0
Clock _l _l _l _l _l _l _l _l
Z=0Q ' o I

I
State graph X=1
X=1
State table
Present | Next State | Present Q Q+ T Z
State X=0 X=1 Output X=0 X=1 | X=0 X=1
So So S; 0 0 0O 1 0O 1 0
S, S; So 1 1 1 0 0O 1 1
Logic circuit
X —T Q— <2

Clock —o>ckK Q'




Signal Tracing and Timing Charts

OO0 Find the output sequence resulting from a given input
seqguence by tracing O and 1 signals through a circuit
1. Assume an initial state of the flip-flops

2. Given a current input at the present state, determine the
circuit outputs and next state (flip-flop inputs)

3. Update the present state to the next state, and repeat 2

Current Input —~ A +—> Current Output

A
7

Current State EEe Next State

A

A sequential circuit with n FFs has 2" states

Signal Tracing and Timing Charts

M There are two types of clocked sequential circuits

B Moore machine

B Output depends only on the present state
B Qutput function A(S)

B Mealy machine

B Output depends on both the present state and the input
B Qutput function A(S,X)

Y

S+

A

S FFs




Signal Tracing and Timing Charts
A Moore Sequential Circuit Example
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8 Output is a function of states only
= a Moore circuit
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Signal Tracing and Timing Charts
Moore Sequential Circuit

0 For a Moore circuit, the output which results from
application of a given input does not appear until
after the active clock edge

B The output sequence is displaced in time with respect to
the input sequence
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Signal Tracing and Timing Charts
A Mealy Sequential Circuit Example
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false outputs “False” O output “False” 1 output

Output is a function of both states and inputs = a Mealy circuit 11

Signal Tracing and Timing Charts
Mealy Sequential Circuit

O For a Mealy circuit, the output may temporarily assume an
incorrect value (called a false output, glitch, spike)

B The false output occurs after the circuit has changed state and
before the input is changed; however, the correct output must
appear before the active clock edge

0 No false output can appear in a Moore circuit

B The output sequence is not displaced in time with respect to
the input sequence

B If the output of the circuit is fed into a second sequential
circuit which uses the same clock, the false outputs will not
cause any problem because the inputs to the second circuit
can cause a change of state only at the active clock edge

X —> A M~—> <2
> 8, > 5,
FFs |< EES |

S, S, S, S,* 12




State Tables and Graphs

0 Procedure to construct the state table

1. Determine the FF input equations and output equations
from the circuit

2. Derive the next-state equation for each FF from its
input equations

m DFF Q+=D

®m D-CEFF + = D.CE + Q-CE'
®m TFF Q*=T®Q

®m S-RFF Q+*=S +R'Q

®m JKFF Q+ = JQ' + K'Q

3. Plot a next-state map for each FF

4. Combine these maps to form the state table (or called
transition table)
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State Tables and Graphs
A Moore Sequential Circuit Example

Iﬁ\'D_ Z
Step 1
AA 5 B D,= X®B' Dg=X+A Z=A®B
A Da A Dg
Clock é Clock Step 2
’|‘|\ At = XHB' B*Y = X+A
X B A X
Step 3 A+ B+ Step 4
X X
AB 0 1 AB (0] 1
A+B*
oo/1]0 00[0 |1 AB | x=0 x=1| z
010 | 1 010 | 1 00 10 01 0
01 00 11 1
1110 | 1 1111 | 1 11 o1 11 0
1010 1011 | 1 10 11 01 1 s




State Tables and Graphs
A Moore Sequential Circuit Example

State tables

A*B™* Present | Next State Present
AB X=0 X=1 Z _ State X=0 X=1 | Output (2)
Symbolic
8(])_ ég g_)i 2 representation 20 23 21 2
11 | o1 | 11 | © E— S, s, | s, 0
10 11 01 1 S, S, S, 1

State graph
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State Tables and Graphs
A Mealy Sequential Circuit Example

I

Al

KA C/|\< JA KB C/|\< ‘]B

[ 7 T |

X Clock Clock X
XB XA

Steps 1,2

At = JA'+K' A = XBA'+X'A

X -
B'
X_
A —

X' -
A —
B —

B+ = JgB'+K'gB = XB'+(AX)'B = XB'+X'B+A'B

Z = X'A'B+XB'+XA
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State Tables and Graphs
A Mealy Sequential Circuit Example

Step 3 X X X
ool O | O oolO |1 ool O |1
01/|0|1| o02/1|1] 01/1]0
1111 (O 11| 1 0 1110 | 1
10[1[O0] 100 1] 10101
A+ B+ Z
Step 4
A+B* z
AB | X=0 X=1 |X=0 Xx=1
00| 00 | o01 0 1
01| o1 | 11 1 0
11| 11 | 00 0 1
10| 10 | o1 0 1
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State Tables and Graphs
A Mealy Sequential Circuit Example
State tables
Present
A*B* Z Present Next State Output
AB | X=0 X=1 |X=0 X=1 State | X=0 X=1 | X=0 X=1
o0l o0 | o1 | o | 1  Symbolic g So s, 0 1
11 12 | o0 | © 1 — S, S, S, 0 1
10| 10 | o1 0 1 S, S, S, 0 1

State graph
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State Tables and Graphs
A Serial Adder Example

Serial adder with D FF Truth table Xy, € | Ciy S
X | . O 0 0|l O O
Y, Full ! O 0 1|0 1
.| Adder O 1 o| o0 1
P 000 1
Q D« 1 0 1|1 O
Q' CK<— Clock 11 0] 1 O
1 1 1|1 1
Clock | N O O State graph /s
% ’ ' S 00, .01/ .10 01/,10/ ,11
Yi L Do : : : /O’ /1’ /1 11 /o’ /O’ /l
¢ I (> /0 )
S I s (s, s,
s 1 M1 00y
1 1 O' ! o' 1 1' ' 1 1 19

State Tables and Graphs
Example w/ Multiple Inputs & Outputs

I
State table Present Next State Present Output (Z,Z,)
State X;X, =00 01 10 11 | X;X, =00 O1 10 11
So S; S, S; S 00 10 11 01
S, So S; S, S; 10 10 11 11
S, S; So S; S 00 10 11 01
S, S, S, S; S 00 00 01 01
State graph v/
00 So
00 00,
1 10 10
%/ [\ N
4
0
1
S3 o/ 11 Sy ho . I
1 Given an initial state and an
}, input sequence, we know the
00/ 10 10 corresponding state trace
00 A
00. 01 and output sequence
oo 95
11, /01

S, 20




State Tables and Graphs
Timing Charts

0 Construction and interpretation of timing charts

‘ ‘ Present State 4
Q X=0 X=1 |X=0 /%=1
0|s,| s1 s1 | 1] o
11]s,| so ‘ s1 ‘ 0 1%
®
Clock r
CKO 0 % State, Q ] l
N G ET Y I ) A
[ D=z AN 1 r
tt— tt t
e © 0O® ®

Initial values are shown _
Read X and Z in shaded area 21

State Tables and Graphs
Signal Tracing and Timing Charts

O To plot a timing chart for a sequential circuit, the state
graph (with states encoded in binary codes) can be a better
reference than the circuit itself

Prior Mealy circuit example

A’ A B’ B
KCKJ KCK Jg

b
0 )
/0 0/1 véate binary codes
x Clock Clock x
X 1 0 1 0 1
XB XA cock| [14v 10 T14 10Tl
X - — \ ' '
B N 1
Nl z : R
,)é\': Z 1 1 0 0 1
B —] 22




General Models for Sequential Circuits
Mealy Circuit Using D Flip-Flops

X, —

X —

n output functions

Combinational Q7 D, Q,
Subcircuit b CK Z, = f, (X, s X0, Q15--,Q)
Q.+ k next-state functions
1 Q1 : D, Q2 Q1" = Dy = 01 (Xpsee X Qa1 Q)
> Q, i ¢ CK :
: . : Q" = Dy = 9k(X1s s X Q1s--, Q)
Q. % | 5 q,
|‘ +—op CK
Clock
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General Models for Sequential Circuits
Moore Circuit Using D Flip-Flops

> Zl
Combinational ——— 7,

Subcircuit :
R (for outputs)

;’Zn

Q +
X; ——| combinational [— #D; Qg
Xz : ” Subcircuit — b CK
X, ,——| (for FF inputs)
Q,"
> Q1 . D, Q2
N Q2 —a CK
: ) + :
Qk Qk > Dk Qk
|‘ +—op CK
Clock

n output functions
Zy - f1(Q1s--,Qu)

Z, = £.(Q1.....Q0




General Models for Sequential Circuits
Unary Representation

0 S+ = §(S,X)
Oz = { M(S,X) for Mealy machine

A(S) for Moore machine

Example (prior example with multiple inputs and outputs)

Present Next State Present Output (Z)
State X=0 1 2 3 X=0 1 2 3
S0 S3 Sz Sl So 0 2 3 1
Sy So S S, S3 2 2 3 3
S, S; So S Sy 0 2 3 1
S3 S2 S2 Sl So 0 0 1 1
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General Models for Sequential Circuits
Minimum Clock Period

0 The minimum clock period
®t,(min) =t + t. + t,,, where t, is the time after the
active clock edge at which the X inputs are stable
Bt (min) =t +t. + g, ift, <t
Minimum clock period (tg,)
| | | | |
| N N JIN |
N N N
FF propagation Combinational Setup time (tg,)
delay (t,) circuit delay
Active edge Q (t) D Next active
of clock Outputs Inputs Edge of clock

stable stable
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General Models for Sequential

Circuits

Timing Constraints
. . hi i
[1 Setup-time constraint o don. o
- Cp 2 tp + tcmax + tsu FF, %[ Combi_national ]ﬁ FF;
A logic (t.) A
CLk 1% 0
tJ-+CID t 1 tj+Cp t 1 t, t
\tsu tp t, _ tp
t, t,
CLK=0|CLK=1 CLK=0|CLK=1
C,: clock period
satisfied violated ”

Timing Constraints

] Hold-time constraint
Wt + tmn >t

t+C, 1 t; .
t+C, | t, t+C, | t,

CLK=0 CLK=0

satisfied violated

General Models for Sequential Circuits
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