Chap. 16:

Sequential Network Design
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16 - 2 A Complete Example — Code Converter
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y PS | X=0 x=1|x=0 x=1
State Assignment Al c |1 o
B D E 1 0
R,:(B,C) (D,E) (H,M) cle elo 1
D H H 0 1
R, :(B,C) (D,E) (H,M) - |
R.:(A,B,E, M) (C,D,H) Hl A Ao 1
M A — 1 —
Q,Q,Q; Q,7Q,"Q,*
Qs P.S. N.S. Z
QQ~ 0 1 X=0 x=1|x=0 x=1
00| A A 000| 010 o011 | 1 0
01 B|C B 010| 101 100 | 1 0
1M TTH j> C 011] 100 100 | O© 1
W0 E D D 101 | 111 1708 1
_ E 100 | 111 110 | 1 0
Assignment Map H 111|000 000 | 0 1
M 110 | 000 ———| 1

= |



R0 X—1|x=0" x=1
000 | 010 011 1 0

001 | xxx xxX
010 | 101 100
011 | 100 100
100 | 111 110
101 | 111 111
110 | 000 xxx
111 | 000 000

o b O F O Bk, X
P X kb O k= O X




X0,
0,0;

00 01 11 10

00

01

11

1
1
0|0
0

[ I — T

10

X0,
0,05

D, =QT= 0;

00 01, 11 10

00

o

01

0o (x
1)1

11

@D

10

X
0
0

mox

Next - State Maps

XQ,
Q0N 00 o0l 11 10 DS s
olo[(T]1) o x=0 x=1 S Xx =1
ol x|t x| 000 010 011 1 0
OO 001 | xxx X X X X X
PLRLLYVIXT 010 | 101 100 1 0
o 97" om1 | 100 100 | 0 1
@0\ 0001, 11 10100 111 110 1 0
ofalslofe] 151 | 191 0 1
orfx|o (l_ﬂ
TN 110 000 1
10 |1 ﬂ o x| 111 000 0
IZ=X’QI§+XQ1

Dy = Q= 0,0,0;+X'0,05 + X0105




Circuit Diagram
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UseJ-K F/F

XQ;
Q,Q>\ 00 01 11 10

Q=0(00| 0 | x| x |0

Jloaf11]1]1

Q=1(11{0 |0 | 0| x
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Next - State Maps

00

01

11

XQs—
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Sk

N.S.

X=0 Xx-= x=0 x=1
000 010 011 1 0
001 | xxx xXxX X X
010 101 100 1 0
011 100 100 0 1
100 111 110 1 0
101 111 111 0 1
110 000 X X X 1 X
111 000 000 0 1
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Derivation of Flip-Flop Input Equations from Next State Maps

Q=0 Q=1 Rules for forming input map from
next state map
Type of F/F | Input | Q+ =0 Q+=1|Q+ =0|Q+ =1 Q=0 Half of Map | Q=1 Half of Map
J 0 1 X X No change Fill in with X’s
JK EJE | S =
K X | X 1 0 Fill in with x’s  Complement
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UseJ-K F/F

XQ;
QiQ;

00 01 11 10

00| 1|x
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Next - State Maps

X =0

X = x=0 x=1
000 010 011 1 0
001 | xxx xXxX X X
010 101 100 1 0
011 100 100 0 1
100 111 110 1 0
101 111 111 0 1
110 000 X X X 1 X
111 000 000 0 1
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UseJ-K F/F

Q=1

XQ, K's
Q,Q> 00 01 11 10
00{0 | x|x]|1
01110010
1110 0| 0| x
0({1(1(1]|0
4 4

Q,=0 Ja

J; = XQ,'Q,'+X'Q,'Q, X=0

Next - State Maps

N

K;=Q, 00| O
01| 2
1116
104

P.S. N.S
X=0 x=1|x=0 x=1

000 010 011 1 0
001 X X X XXX X X
010 101 100 1 0
011 100 100 0 1
100 111 110 1 0
101 111 111 0 1
110 000 X X X 1 X
111 000 000 0 1
10
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Use J -

XQ;

Q,Q,\. 00 01 11 10
00| 1|x|x]|0
0111011110
1111 (0| 1| x
1011(0(11]0
Z:X'Q3'+XQ3
=[(X'Q,')' (XQ,)]

K F/F

N

P.S. N.S
x=0 x=1 =0 x=1
000 010 011 1 0
001 X X X X X X X X
010 101 100 1 0
011 100 100 0 1
100 111 110 1 0
101 111 111 0 1
110 000 X X X 1 X
111 000 000 0 1
X=0
<Q?Hﬂ —=
Q:Q,\,00 01 11 10

00| O |1

011 2| 3

1116 | 7

1014 | 5
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16.4 Design of sequential circuits using ROMs and PLAs

ementation

X — > 7/
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—a>CK
ROM 0}
16 Words 2 > D,
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State Assignment for ROMs

Just binary order is good enough
& =7
BCD Excess-3 Code
CLK QQQ  Q7Q Qs
P.S. N.S. Z
Xx=0 x=1|x=0 x=1 X=0 x=1|x=0 x=1

AlrB G0 A 000 001 010 | 1 0
B| D E 1 0
= c 9 , B 001| 011 100 1 0
D| H H 0 1 C 010| 100 100 0 1
E| H M 1 O D 011] 101 101 0 1
Hy A A0 1 £ 100] 100 110 | 1 0
M| A - 1 4

H 101 | 000 000 0 1

M 110| 000 ———| 1 i




ROMs implementation

QQQ; Q,7Q,7Q57
PS. N.S. Z

X=0 x=1|x=0 x=1

000 | 001 010 1
001| 011 100
010 | 100 100
011 | 101 101
100 | 101 110
101 | 000 000
110 | 000 ——-—

Z=%m(0,1,4,6,10,11,13) + > d(7,14,15)
D:=3Ym(2,3,4,9,10,11,12) + > d(7,14,15)
D2 =¥ m(1,8,12) + Y d(7,14,15)
D:=3Xm(0,1,3,4,11) + > d(7,14,15)
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PLA implementation

State Assignment is important. Use the adjacent state guideline.

Casel. Direct straight binary order
assignment

-> four Input, 13 product terms, and

four outputs
=> Little reduction

Case2. Use the adjacent state
guideline
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16-5 Sequential Circuit Design Using CPLDs

Integrate and interconnect many PALSs and PLAs on a single chip

*PLA to form combinational logic  «1/O Cell
eMacro Cell *Three State Buffer for Bidirectional 1/C

*Register for Sequential Logic . Input Latch to synchronize inputs
«Pass Through for Combinational Logic ® Floating Gate Programmable

Xilinx XCR3054XL CPLD
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Function block an macrocell

36 Inputs From IA

£ ]

;2; ;/_f; 48 AND Gates

s v . Programmable
One of 16 OR Gates Select \ To IA To IA
2
: . EE Q /O Pin
. Programmable
_)— —pCK \ Enable
Flip-Flop

Part of PLA Simplified Macrocell Output Cell



Implementation of a Mealy Machine
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Y l Y Macrocells
Y\ - O3
Y N E
AND L/
Array
\ O\ EE 0,
'\ = Oy
Y YYYYY
¥ % C
L 7
Cly — \_\ A - X,
1 &
A Parallel adder Fo — T %
; AND L
with accumulator p | Amy — %
1 ! > FF
T &
¥y — / /
Y N\
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16-6 Sequential Circuit Design Using FPGAs
Typical FPGA circuits

COouT couT
/ M
> YB > YB
{34 :}— = Y G4 ] Y
G3 >—— SP G2 >— SP
LUT Carry & D ~ YO LUT Carry & D "
G2 > Control o ® = o >—E Control o Q L
G1 >— G >———
BY > RC BY > RC
> XB XB
2 T
F4 >— X ra>3 %
F3 > SP E3 > SP
LUT Carry & D LuUT Carry & D O = X0
2.2 Control cE A= XQ F2 > Control CE
Fl >—I Fl >——
%
BX > RC BX > 2l
Slice 1 Slice 0

CIN CIN



entation of a Mealy Machine

K X
Y Y
D, o
FG1
CK—> FF
| | CE
D, 0
FG2
CK—>> FF
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