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Figure 8.1. The general form of a sequential circuit.
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Figure 8.2. Sequences of input and output signals.

w= Present Next state Output
state w=0 w=1 z
A A B 0
B A C 0
C A C 1
Figure 8.3. State diagram of a simple sequential circuit. Figure 8.4. State table.
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Figure 8.5. A general sequential circuit.

Figure 8.6. A state-assigned table.
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Figure 8.7. Derivation of logic expressions. Figure 8.8. Sequential circuit derived in Figure 8.7.
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Figure 8.9. Timing diagram. Figure 8.10. Signals needed in Example 8.1.
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we=1 Present Next state Outputs
state w=0 w=1 | Rlagst+ Rlin R2ym R2;y R3pm R3im Done
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Figure 8.11. State diagram.

Figure 8.12. State table.




gaw»>

Present Nextstate

state | =0 w=1 Outputs

Yath LY YoY1 | Rlgws Rlin RRow R2 R3ow R3im Done

00 00 01 0 0 0 0 0 0
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Figure 8.13. State-assigned table.
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Figure 8.14. Derivation of next-state expressions.
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Figure 8.15. Sequential circuit derived in Figure 8.14.
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Figure 8.16. Improved state assignment for the sequential circuit in Figure 8.4.
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Figure 8.17. Final circuit for the improved state assignment.
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Present Nextstate
state w=0 w=1 Outputs
271 Y. YoYy | R1,e Rl R2,4 RZ2:, R3,m RBsy Dome
00 00 01 0 0 0 0 0 0 0
01 11 11 0 0 1 0 0 | 0
11 10 10 1 0 0 1 0 0 0
10 00 00 0 1 0 0 1 0 |

Figure 8.18. Improved state assignment for the sequential circuit in Figure 8.12.
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Figure 8.19. Derivation of next-state expressions. Figure 8.20. One-hot state assignment for the sequential circuit in Figure 8.4.
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state w=0 w=1 p
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Yystey | VaYaYeYy VaYaYoYy | Rlyme Rlim R2nme R2im R3pme R3im Done

t ts
w: 0 1 0 1 1 0 1 1 1 0 1
0001 0001 0010 0 0 0 0 0 0 0 zz_ 00 0 0 1 0 0 1 1 0 o0
0010 0100 0100 0 0 1 0 0 1 0
0100 1000 1000 1 0 0 1 0 0 0
1 000 0001 0001 0 1 0 0 1 0 1

Figure 8.21. One-hot state assignment for the sequential circuit in Figure 8.12. Figure 8.22. Sequences of input and output signals.
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Figure 8.23. State diagram. Figure 8.24. State table.




Present Next state Output
state w=0 w=1|w=0 w=1
y Y Y z z
A 0 0 0 0
B 1 0 1 0 1

Figure 8.25. State-assigned table.
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Figure 8.26. Implementation of FSM in Figure 8.25.

o
=)

=l

(a) Circuit

(b) Timing diagram

|—> Q
Clock

Resetn

(a) Circuit

o N f & ‘s Is s f Iy o ho

(b) Timing diagram

Clock

- o—- o—- ©o— o~

Figure 8.27. Circuit that implements the specification in Figure 8.2.

Figure 8.28. State diagram for Example 8.4.

w=0
w=1

©

w =0
w=1

[ Rl = 1,R2;, = 1

R34 = 1,R1,, = 1, Done = 1

module simple (Clock, Resetn, w, z);
input Clock, Resetn, w;
output z;
reg [2:1]y,Y;
parameter [2:1] A =2'b00, B =201, C =2'b10;

// Define the next state combinational circuit
always @(w ory)

case (y)
A:if(w) Y=B;
else Y=A;

B:if (w) C;
else Y =A
Ciif(w) Y=C;
else Y=A;

default: Y =2'bxx;
endcase

/I Define the sequential block

always @(negedge Resetn or posedge Clock)
if (Resetn == 0)y <= A;
elsey <=Y;

// Define output
assign z=(y == C);

endmodule

Figure 8.29. Verilog code for the FSM in Figure 8.3.
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Figure 8.31. An FSM circuit in a small CPLD.
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module simple (Clock, Resetn, w, z);
input Clock, Resetn, w;
output z;
regz;
reg[2:1]y,Y;
parameter [2:1] A =2'b00, B =2'b01, C =2'b10;

// Define the next state combinational circuit
always @(w ory)

Name 250.0ns 500.0ns 750.0ns 1.0us begin
b * * : : case (y)
= Resetn | | Acif (w)

B: if (w)
o 4,_\—/ l—,_ else
o v A Jefafefckayel c© XA it
™~ L default:
endcase
z=(y ==C); //Define output
end

/I Define the sequential block

always @(negedge Resetn or posedge Clock)
if (Resetn ==0) y<=A;
else y<=Y;

endmodule

Figure 8.32. Simulation results. . . Lo
Figure 8.33. Second version of code for the FSM in Figure 8.3.

module simple (Clock, Resetn, w, z);
input Clock, Resetn, w;

output z;

reg[2:1]y;

parameter [2:1] A =2'b00, B =2'b01, C =2'b10; Narne _ QEDIDHS SDD.IDHS ?SD.IDns 1.D|us
&

// Define the sequential block Resetn J

always @(negedge Resetn or posedge Clock) Clock mm
if (Resetn ==0) y<=A;
else W
case (y)
N o A JEYAY_® e A

y<=B;

else y<=A; z
B:if (w) y<=C;
else y<=A;
C:if (w) ;
else y<=A;
default: y <=2'bxx;
endcase

// Define output
assign z = (y == C);
endmodule

Figure 8.34. Third version of code for the FSM in Figure 8.3. Figure 8.37. Simulation results for the Mealy machine.
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Figure 8.38. Potential problem with asynchronous inputs to a Mealy FSM. Figure 8.39. Block diagram of a serial adder.




Reset (ab /s)

l 11,0 Present Next state Output s
state -
00,0 01,0 ab=00 01 10 11 {00 01 10 11
01/1 10/0 G G G G H|O0O 1 1 0
10/1 11/1
H G H H H|1 0 0 1
00/1
G: carry-in = 0
H: carry-in = 1
Figure 8.40. State diagram for the serial adder. Figure 8.41. State table for the serial adder.
Next state Output a $
Present b — al;lél;r
state | ab=00 01 10 11|00 01 10 11 L Y
carry-out
y Y s
0 0 0 0o 10 1 1 0 Clock ——>  Q
1 0 1 1 1 1 0 0 1
Reset ;r
Figure 8.42. State-assigned table for the serial adder. Figure 8.43. Circuit for the adder FSM.
Reset
Present Nextstate Output
sate | gp=00 01 10 11| s
Go Go Gi G Hy 0
Gy Go Gi Gi Hp 1
Ho Gi Ho Ho H; 0
H1 Gl H() Ho H] 1

Figure 8.44. State diagram for the Moore-type serial adder FSM.

Figure 8.45. State table for the Moore-type serial adder FSM.




Nextstate
Present
state | ab=00 01 10 11 | Output
yayi Y, s
00 00 01 01 10 0
01 00 01 01 10 1
10 01 10 10 11 0
11 01 10 10 11 1

Figure 8.46. State-assigned table for the Moore-type serial adder FSM.

Sum bit Y, Al
a —=— D Qs
b Full
adder Carry-out —
— P Q
Y, V2
D Q
Clock P> (_}
Reset ——?

Figure 8.47. Circuit for the Moore-type serial adder FSM.

module shiftrne (R, L, E, w, Clock, Q);
parameter n = §;
input [n-1:0] R;
input L, E, w, Clock;
output [n-1:0] Q;
reg [n-1:0] Q;
integer k;

always @(posedge Clock)
if (L)
Q<=R;
else if (E)
begin
for (k=n-1; k>0; k=k-1)
Qk-1] <= Q[k];
Qln-1]<=w;

end

endmodule

Figure 8.48. Code for a left-to-right shift register with an enable input.
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Figure 8.50a. Synthesized serial adder.
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Figure 8.50b. Simulation results for the synthesized serial adder.

Present Next state Output
state w=0 w=1 z
A B C 1
B D F 1
C F E 0
D B G 1
E F C 0
F E D 0
G F G 0

Figure 8.51. State table for Example 8.6.
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state w=0 w=1 z
D
A B C 1
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a) Timing diagram
P F C 0 (@) g diag
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N
sensey ——D Q Q
Clock—LB,— Q
(b) Circuit that generates N
Figure 8.52. Minimized state table for Example 8.6. Figure 8.53. Signals for the vending machine.
DN
Reset
Present Next state Output
state | py =00 01 10 11 z
S1 S1 S3 S2 - 0
S2 S2 S84 S5 -~ 0
S3 S3 S6 S7 - 0
S4 st - - - 1
S5 s3I - - - 1
S6 S6 S8 S9 - 0
S7 st - - - 1
S8 st - - - 1
S9 s3I - - - 1

Figure 8.54. State diagram for Example 8.7.

Figure 8.55. State table for Example 8.7.

Present Next state Output
sate | py =00 01 10 11| ?
st S1 83 2 - | o0
s2 2 s4 s5 - | o0
s3 3 s2 s4 —| o0
s4 N 1
S5 3 - - - 1

Figure 8.56. Minimized state table for Example 8.7.

Figure 8.57. Minimized state diagram for Example 8.7.




Present Next state Output z
state w=0 w=1[w=0 w=1
A B C 0 0
B D - 0 -
C F E 0 1
D B G 0 0
E F C 0 1
F E D 0 1
G F - 0 -
DN /0
Figure 8.58. Mealy-type FSM for Example 8.7. Figure 8.59. Incompletely specified state table for Example 8.8.
Present Next state Output
state w=0 w=1
A A B 0
B B C 1
C C D 2
D D E 3
E E F 4
F F G 5
G G H 6
H H A 7
Figure 8.60. State diagram for a counter. Figure 8.61. State table for the counter.
V1Yo V1Yo
"2 N 00 o1 11 10 "2 00 ol 1110
00| 0|1 ]1]]0 00| o[ o] 1|
Next state
Present 01 0 |1 | 1/]0 ot oo 1[ft
tat w=0 w=1 Count
state ul ool IERISERIE
y2yivo Z2Z1Z0
nnYy, N 10 1] 0] o]l 0o [Luf o |[W
A 000 000 001 000 Yo = wyg+wyo Yy = Wy vt wen,
B 001 001 010 001
C 010 010 011 010 1o
D 011 011 100 011 wys 0 ol 11 10
E 100 100 101 100 wlolololo
F 101 101 110 101
G| 110 110 111 110 LI | 1 B T )
H 111 111 000 111 nlol] ol
10| o0]o|lLfo
Yy = Wpy+yovy Rivs Wy
Figure 8.62. State-assigned table for the counter. Figure 8.63. Karnaugh maps for D flip-flops for the counter.




Flip-flop inputs

Present
state w=0 w=1 Count

yaye Yy | 2Ky LK JoKo | 1Yo | J2K2 1K JoKo 722120
000 000 od od od 001 od od 1d 000
001 001 od od do 010 od 1d d1 001
010 010 od do 0d 011 0d do 1d 010
011 011 od do do 100 1d dl dl 011
100 100 do od od 101 do od 1d 100
101 101 do 0d do 110 do 1d dl 101
110 110 do do 0d 111 do do 1d 110
111 111 do do do 000 d1 d1 d1 111

Figure 8.65. Excitation table for the counter with JK flip-flops.
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Figure 8.67. Circuit diagram using JK flip-flops.
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Figure 8.68. Factored-form implementation of the counter.

Figure 8.69. State table for the counterlike example.

Present
state

Next
state

Output
222120
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TOTmoOw

>PIommoaw

000
100
010
110
001
101
011
111

Present Next Output
state state
yayiyo | n¥hiYo | zaz12¢
000 100 000
100 010 100
010 110 010
110 001 110
001 101 001
101 011 101
011 111 011
111 000 111

Figure 8.70. State-assigned table.
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Figure 8.71. Circuit for the counterlike example.




Figure 8.72. State diagram for the arbiter.

Figure 8.73. Alternative style of state diagram for the arbiter.
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Figure 8.75. Simulation results for the arbiter circuit.
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Figure 8.76. Output delays in the arbiter circuit.

Marme: ?SD‘Dns EDD‘Dns EED‘Dns EIDDIDm; EISDIDm; 1
ji= Clock [ I

o off 4 I;
o y e ) gntes N idie

Figure 8.77. Output delay when using one-hot encoding.
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Figure 8.78. Circuit for Example 8.9.




Next State
Present Output
sate [w=0 w=1|""" Present Next state Output
z sta
Y2y1 Y, Y, state w=0 w=1 z
00 00 01 0 A A B 0
01 00 10 0 B A C 0
10 00 11 0 C A D 0
11 00 11 1 D A D 1

(a) State-assigned table

(b) State table

Figure 8.79. Tables for the circuit in Example 8.9.
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Clock >
< 5
K, Q
Resetn —4?

Figure 8.80. Circuit for Example 8.10.

Present Flip-flop inputs
state w=20 w=1 Output
Yayi Ky JIKy JKs  JiK -
00 01 01 00 11 0
01 01 01 10 11 0
10 o0 01 00 10 0
11 01 01 10 10 1

Figure 8.81. Excitation table for the circuit in Figure 8.80.

Clock > Q

Resetn —J

Figure 8.82. Circuit for Example 8.11.

Present | Flip-flop inputs
state [w=0 w=1 Output
YU\ np D, z
00 00 01 0
01 00 10 0
10 10 01 0
11 10 01 1

Figure 8.83. Excitation table for the circuit in Figure 8.82.

State name j j

Output signal
ul P‘vl .Sv‘gné S 0 (False) Condition 1 (True)
oractions expression
(Moore type)
(a) State box (b) Decision box

Conditional outputs
or actions (Mealy type)

(c) Conditional output box

Figure 8.84. Elements used in ASM charts.
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Figure 8.86. ASM chart for the FSM in Figure 8.23. Figure 8.87. ASM chart for the arbiter.
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Figure 8.88. The general model for a sequential circuit. Figure P8.1. State-assigned table for problems 8.1 and 8.2.
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Figure P8.2. Circuit for problem 8.29.




