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Figure 6-27
Logic diagram of the GAL16V8C.
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Figure 6-28. General CPLD architecture
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Figure 6-28
General CPLD architecture.
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Figure 6-29
A 4 x 3 PLA built using CMOS logic.
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General Structure of a
Decoder circuit
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Figure 6-31

Decoder circuit structure.



Example 1: Truth table for a 2-
to-4 binary decoder.

Example of a decoder circuit

enable
Inputs Outputs
EN I 10 Y3 Y2 Y1 YO
0 X X 0 0 0 0
| 0 0 0 0 0 |
| 0 1 0 0 | 0
1 1 0 0 1 0 0
| | 1 | 0 0 0

Table 6-4
Truth table for a 2-to-4 binary decoder.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



2-to-4 decoder inside

10’ 10 11" 11 EN
10 .
YO
L 4
2-t0-4 ¢ Y1
decoder 1 '
10 YO
1 Y1 |— ' )7 \L
Y2 | — T
EN Y3 |—
Y3
EN .
() / (b)
enable Figure 6-32

A 2-10-4 decoder: (a) inputs and outputs; (b) logic diagram.



Verilog for 2-

to-4 decoder

module Vr2to4dec(IO, I1, EN, YO, Y1, Y2, Y3);
input I0, I1, EN;
output YO, Y1, Y2, Y3;
wire NOTIO, NOTI1;
INV U1 (NOTIO, IO);
INV U2 (NOTI1, I1);
AND3 U3 (YO, NOTIO, NOTI1, EN);
AND3 U4 (Y1, I0, NOTI1, EN);

AND3 U5 (Y2, NOTIO, I1, EN); Structural type
AND3 UB (Y3, 10, I1, EN); ; ) )
endmodule of description in

Verilog -
Table 6-20

Structural-style Verilog module for the decoder in Figure 6-32.
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Example 2: Position encoding for a
3-bit mechanical encoding disk

Disk Position 12 I I0 Binary Decoder Output

0° 0 0 0 YO0

45° 0 0 1 Y1

90° 0 1 1 Y3
135° 0 1 0 Y2
180° | 1 0 Y6
225° 1 1 | Y7
270° 1 0 | Y5
315° 1 0 0 Y4

Table 6-5

Position encoding for a 3-bit mechanical encoding disk.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Example 2 continued: Using a 3-t0-8
decoder to decode a Gray code.

3-to-8
decoder
YO DEGO
Y1 DEG45
SHAFTIO ——— 10 Y2 DEG135
SHAFTI1 11 Y3 DEG90
SHAFTI2 12 Y4 DEG315
ENABLE EN Y5 DEG270
Y6 —— DEG180
Y7 ——— DEG225
Figure 6-33

Using a 3-to-8 binary decoder to decode a Gray code.
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74x138 3-t0-8

decoder




Example 3: 74x138 3-t0-8
decoder

Inputs Outputs
Gl G2AL G2BL C B A Y7L Yé6L Y5L Y4L Y3L Y2L Y1 L YOl
0 X X X X X 1 1 1 1 1 1 1 1
X X X X X 1 1 1 1 1 1 1 1
X X 1 X X X 1 1 1 1 1 1 1 1
1 0 0 o 0 0 1 1 1 1 1 1 | 0
1 0 0 0 0 | 1 1 1 1 1 1 0 1
1 0 0 0 1 0 1 1 1 1 1 0 1 1
1 0 0 0 1 1 1 1 1 1 0 1 1 1
1 0 0 1 0 o0 1 1 1 0 1 1 | 1
1 0 0 1 0 1 1 1 0 1 1 1 | 1
1 0 0 1 I 0 1 0 1 1 1 1 1 1
1 0 0 1 1 1 0 1 1 1 1 1 1 1
Table 6-6

Truth table for a 74x138 3-to-8 decoder.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Example 3 cont: 74X138 3-t0-8
decoder 9 oL
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Figure 6-35
Logic diagram for the 74x138 3-to-8 decoder
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Figure 6-35
Logic diagram for the 74x138 3-to-8 decoder
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B
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3-t0-8 e =
B
DS

" Input and output pins .
A, B, C, !G2A, 'G2B, G1 - pin 1, 2, 3, 4, 5, 6;
'yo, !vi, !'y2, 1Y3, !Y4,;1Y5, 'ye, !'Y7 pin 15.7 istype 'com';

" Constant expressionjf
ENB = G1 & G2A & G2B;°



Verilog for 3-to-8 decoder

module Vr74x138a(G1l, G2A_L, G2B_L, A, Y_L);

input G1, G2A_L, G2B_L;
input [2:0] A;

output [0:7] Y_L;

reg [0:7] Y_L;

always @ (Gl or G2A_L or G2B_L or A) begin
if (G1 & "G2A_L & ~“G2B_L)

case (A)
O: Y.L = 8'b01111111;
1: Y.L = 8'b10111111;
2: Y_L = 8'b11011111;
3: Y_L = 8'b11101111;
4: Y_L = 8'b11110111;
b: Y_.L = 8'b11111011;
6: Y.L = 8'b11111101;
7: Y_.L = 8'b11111110;
default: Y_L = 8'b11111111;

endcase

else Y_L = 8'b11111111;
end
endmodule
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Figure 6-35

Logic diagram for the 74x138 3-to-8 decoder

Table 6-21

Functional-style Verilog module for a 74x138-like 3-to-8 binary decoder.



module Vr74x138b(G1, G2A_L, G2B_L, A, Y_L);
input G1, G2A_L, G2B_L;
input [2:0] A;
output [0:7] Y_L;
reg G2A,G2B;
reg [0:7] Y_L, Y;

always @ (G1 or G2A_L or G2B_L or A or Y) begin
G2A = "G2A_L; // Convert inputs
G2B = “G2B_L;

YL ="Y; // Convert outputs
if (G1 & G2A & G2B) 7 4x1 38
case (A)

0: Y = 8'b10000000;
= 8'b01000000;
Decoder:
8'b00010000; L]
8'b00001000;
: 8'b00000100; -
1 = s'osoooto Active level
7: Y = 8'b00000001;
default: Y = 8'b00000000;
endcase

"
e Y = 800000000, handlin
end

endmodule

D O WK
=g g e g
1]

Table 6-22

Verilog module with a maintainable approach to active-level handling.



/4x138 like decoder with
Active level handling

module Vr74x138c(G1, G2A_L, G2B_L, A, Y_L);
input G1, G2A_L, G2B_L;
input [2:0] A;
output [0:7] Y_L;
wire G2A,G2B;
wire [0:7] Y;

assign G2A = “G2A_L; // Convert inputs

assign G2B = "G2B_L;

assign Y_L = 7Y; // Convert outputs

Vr3to8deca Ul (G1, G2A, G2B, A, Y);
endmodule

Table 6-23

Hierarchical definition of 74x138-like decoder with active-level handling.



Active high 3-to-8 decoder

module Vr3to8deca(Gl, G2, G3, A, Y);
input G1, G2, G3;
input [2:0] A;
output [0:7] Y;
reg [0:7] Y;

always @ (G1 or G2 or G3 or A) begin
if (Gl & G2 & G3)

case (A)
0: Y = 8'b10000000;
1: Y = 8'b01000000;
2: Y = 8'b00100000;
3: Y = 8'b00010000;
4: Y = 8'b00001000;
5: Y = 8'b00000100;
6: Y = 8'b00000010;
7: Y = 8'b00000001;
default: Y = 8'b00000000;
endcase
else Y = 8'b00000000;
end
endmodule
P
module Vr74x138¢
module Vr74x138c module Vr3to8deca
G1
— G1  Y_L[0:7] e
G2A_L — G2A
—] G2A_L L~ | G2 Y[0:7] —— Y_L[0:7]
G2B_L — G2B Y[0:7] { ~ |
—1 G2B_L —  ~ | G3
A[2:0]
— A[2:0] A[2:0]
(a) (b)
Figure 6-43 39-4.

Verilog module V74x138c: (a) top level; (b) internal structure using module Vr3to8deca.



Behavioral Verilog for 3-t0o-8 decoder

L=,

module Vk@toBdecbﬁbl, G2, G3, A, Y);
input G1, G2, G3;
input [2:0] A;
output [0:7] Y;
reg [0:7] Y;
integer 1i,;

always @ (Gl or G2 or G3 or A) begin
Y = 8'b00000000;
if (G1 & G2 & G3)
for (i=0; i<=7; i=i+1)
if (i == 4) Y[i] = 1;
end
endmodule

Table 6-25

Behavioral Verilog definition for a 3-to-8 decoder.



Example 3 cont: 74x138 3-t0-8 decoder

74x138 74%x138

— o ety

:g G2A Vo G2A Vo
G2B G2B

Y3 10— Y3

A Y4 jo— A Y4

5 Y5 10— 5 Y5

c Y6 IO—— c Y6

Y7 IO—— Y7

Default signal
names

Figure 6-34

Logic symbol for the 74x138 3-to-8 decoder: (a) conventional symbol;
(b) default signal names associated with external pins.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Example 3 cont: Symbols for 74x138

(a) 74x138
YO
—1 Gt V1
—Q| G2A V2
—Q| G2B
Y3
Y4
—A
5 Y5
G Y6
Y7

TTTTTTTT

(b) 74x138

YO0

—A GH 71
— G2A vz
—G2B —
Y3

Y4

— 1A -
__lg ¥
c Y6

Y7

Figure 6-36

(c) 74x138

YO

— Gt 7]
—Q G2A .
—Q0 G2B 44—
Y3

Y4

— 1A -
4 Y5

c Y6

Y7

LTTTTH

Logic symbols for the 74x138: (a) preferred symbol; (b) correct but to be avoided;
(b) incorrect because of double negations.

Incorrect
because
of double
negations

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Example 3 cont: 5-t0-32 decoder from 74X138 chips

74x138
15
6 o Y0 [O— DECO. L
4 aoh Y1 [o— DECI_L
——O
------ "ol Goe Y2 |0 DEC2. L
. 0 Yalorr— pECa L
Chip select P | R o
N Tp— ?|,  Ys|og— DECS.L
goeS tO Input N2 : e Y6 {0=— DECG_L
; Y7 lo— DEC7_L
B =~ ~ "". .':
G 2 B S u2
SN e 74x138
< )
R ®la;  YO|o7— DECEL
T 4 ¥1 |O— DEGO_L
o 50 G2A Y2 [0 DEC10 L
- olG2e B -
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~
SSa 1A V4 (O— DEG12 L
2 Y5 [0~ DEC13_L
74x138 . e 5
15 ENOXT L |% il P Y6 (05— DEC14.L
8 o—— —— |
EN4 ——{ G ::10 % ENBX15 L Y7 |0— DEC15.L
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EN3 L—QG2A | 1% ENTBX23 L ; 03
—O G28 va o2 EN24X31 L 74x138
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Y40 6 o1 Y0 [O— DEC16.L
Y5 OT; ATt o 4 Gon 2 O DEC17 L
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6 o1 Y0 |[O;— DEC24_L
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inputs G1 &

and G2A
Figure 6-37

Design of a 5-t0-32 decoder using 74x138s.



Example 3 cont: 4-to-16 decoder using
74X138

+5V 745138
R |
T—’\/\/\/—G G1 volo™®_ pECO_L
14
Y1 e
0 P
- Y2 [o—2— DEC2_L
O - 12
v3lo2_ DECa L
| Y4 o DEC4 L
NO-= A |
: 8 Y5 [0o—— DECS5_L
3 Y6 09— DEcs L
N2 C 7
NS Y7 lo— DEC7_L
T U1
N3 ] E f'_L 1 )
............................................ J =
4 G2A Y1 OL DECS L
50 G2B Y2 C)i DEC10 L
v3 lo22— DEC11 L
t V4 |or— DECT2 L
2l g vs o022 DEC13 L
3] ¢ v6 lo2— DEC14 L
v7 loX— DEC15_L
U2
Figllre 6_38

Design of a 4-to-16 decoder using 74x138s.



Example 3 cont: 74x138 decoder using GAL

74x138 decoder can be
built in single GAL 16V8

chip
GAL16V8
A— i
B— i o1} vo L
c—>li3 102l viL
GoA L — i 03— vo L
GB L —>115 10412 v3 L
Gi — e 105> vaL
NC. — 17 108l v5 L
NC — 118 10712 ve L
N.C. —119 o8l v7 L
N.C. — 110
774X138
Figure 6-39

Logic diagram for the GAL16V8C used as a 74x138 decoder.



Figure 6-41. 74x138-like decoder

(a) 774X138 (b) Z74X138
1A 1A
“IB “IB vo_L |2
°lc °lc vi Lo
* ol g faoAa L v2 LY
EgleB >lgoB L v3 L|®
° {a1 °1 G va |1
— "INt A FNToY ys | |2
_SlNe2 _ SN2 ve L |2
—*INecs _INcs vz L[E
_"Inca _"Inca

Figure 6-41

Possible CAD-created symbols for the PLD-based, 74x138-like decoder:
(a) based on Table 6-12, after manual insertion of inversion bubbles; (b) based on Table 6-7.



Example: Customized decoder
function

CS L RDL A2 A1 A0 Output(s)to Assert

1 X X X X none

X 1 X X X none

0 0 0 0 0 BILL_L, MARY_L
0 0 0 0 | MARY_L, KATE_L
0 0 0 1 0 JOAN_L

0 0 0 1 | PAUL_L

0 0 | 0 0 ANNA_L

0 0 1 0 1 FRED_L

0 0 1 1 0 DAVE_L

0 0 1 1 1 KATE_L

Table 6-9

Truth table for a customized decoder function.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Customized

decoder

circuit Using

74X138

CS_L RD_L A2

=

A0  Output(s) to Assert

none
none
BILL_L, MARY_L

—-—

OO CcC o CcClcoc ® —~
=Nl N e
—_—_—_c o S x o=
—_ 0 O = = O ¥ ox
O = O = O = O

[
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|

o
o
S
3
m
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Table 6-9

Truth table for a customized decoder function.

BILL_L
15V 74x138 | 74%08
5
Y
T 6] o1 Y? g ” Di MARY_L
cs_L
- 59 222 v2 jo2 U2 JOAN_L
- > Y3 [o2 PAUL_L
11
ANNA_L
A0 A v 010 B
N 2| s lo FRED_L
9
DAVE_L
A2 *lc ve 0] 74x08 -
Y7 10—
U2
Figure 6-40

Crictomi7zed decoder cire1iit



Seven Segrment
Display and
Decoder




Seven Segment Display

H [ 2345k B4

Figure 6-44

Seven-segment display: (a) segment identification; (b) decimal digits.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Seven Segment Decoder

module Vr7seg(A, B, C, D, EN,
SEGA, SEGB, SEGC, SEGD, SEGE, SEGF, SEGG);
input A, B, C, D, EN;
output SEGA, SEGB, SEGC, SEGD, SEGE, SEGF, SEGG;
reg SEGA, SEGB, SEGC, SEGD, SEGE, SEGF, SEGG;
reg [1:7] SEGS;

always @ (A or B or C or D or EN) begin
if (EN)
case ({D,C,B,A})
// Segment patterns abcdefg
0: BSEGS = 7'bil111110; //

0
1: SEGS = 7'b0110000; // 1
2: SEGS = 7'bilioitol; // 2
3: BSEGS = 7'b1111001; // 3
4: SEGS = 7'b0110011; // 4
5: SEGS = 7'blo11011; // 5
6: SEGS = 7'b0011111; // 6 (no 'tail')
7: SEGS = 7'b1110000; // 7
8: SEGS = 7'bil111111; // 8
9: SEGS = 7'b1110011; // 9 (no 'tail')

default SEGS = 7'bx;
endcase
else SEGS = 7'b0;
{SEGA, SEGB, SEGC, SEGD, SEGE, SEGF, SEGG} = SEGS;
end
endmodule

Table 6-26

Verilog program for a seven-segment decoder.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Encoders

We already used
encoders to design
control logic for data

path blocks
ry
encoder Y0
0 —
/— 10 YO —N g
—n Y1 — 12 Vi
on — 12 . . > N 13
inputs < A N outputs 14
Y(n-1) }— 15 ' Y2
\— 1(2"-1) 16
17
Figure 6-45

Binary encoder: (a) general structure; (b) 8-to-3 encoder.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Encoders

2" requests
Request
encoder
/ REQ1 —
REQ2 —— 3
Requests < REQ3 —— N Requestor's
for service . . . number
. . p
\ REQN ——
Figure 6-46

A system with 27 requestors, and a “request encoder” that indicates which request signal is asserted at any time.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.




Priority
Encoders



Any
subset if
Zn
requests

Encoders

Priority
encoder
— 17
16 A2 Number n of
—15 Al —
_lu a0 [~ prioritized
e request
-7 —I2  IDLEf—
- — 1
— 10
Figure 6-47

Logic symbol for a generic 8-input priority encoder.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Encoders

74x148

El

17

6 A2 o2
15 Al IO~
14 A0 lo2
13

12 GS 14
T rolot
10

Figure 6-48

Logic symbol for the 74x148 8-input priority encoder.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



8-Input

— 0 El

—q" : . :

—ois A2l

—ds P Priorit
o ool

_Bo 13

2ol aslpol-

B Encoder
_ 9510

Figure 6-48

I t Output:
Logic symbol for the 74x148 8-input priority encoder. npHe D

#=I_L 1oL H_L 2L 18_L I4_L I5_L Ie_L I7_L A2 L A1_L AO_L (i:‘nS_L EO_LE

............................... 1 X X X X X X X X 1 1 1 1 1
.............................. 0 X X X X X X X 0 0 0 0 0 1
enable 0 x x x x x x 0 1 0 0 1 0 1
0 X X X X X 0 1 1 0 1 0 0 1
0 X X X X 0 1 1 1 0 1 1 0 1
0 x x x 0 1 | 1 1 1 0 0 0 1
0 x x 0 1 1 | 1 1 1 0 1 0 1
0o x 0 1 1 1 | 1 1 1 1 0 0 1
0 0 1 1 1 1 | 1 1 1 1 1 0 1
0 1 1 1 1 1 | 1 1 1 1 1 1 0
Table 6-27

Truth table for a 74x148 8-input priority encoder.



15-input Priority Encoder in PLD

GAL20V8
PO 1
| P1— 2112
I I 3 F————======-= I
: P2 +—113 | :
: pa —2lia o012 _ENOUT_L | | Outputs
N p UtS ! 5 21 I e
Pa—>l15 102 _vo_L =
i ps —°li6 103} — YL i
| P6 — 17 104} L vo L :
i p7+—"lis 1052 Y3l l
I I 9 17 X !
: P8 —l9 106 | |
: po — 10 1078 | l
| C 11 15 | :
! P11 1112 o i
P12 — 1113
| P13 — 21114
PRIOR15
: P14 -
| EN_L -
Figure 6-50

Logic diagram for a PLD-based 15-input priority encoder.



Priority Encod
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Figure 6-49

74x20
12 RGS
13

Four 74x148s cascaded to handle 32 requests.

er — handle 32 requests

74x148
— 0 El
o7
—30ol6 Az ot —
20|15 Al lol—
ol a0l —
_Bo 13
2ol aslpol-
AP T EO fo—
_ 9510

Figure 6-48

Logic symbol for the 74x148 8-input priority encoder.




8-input Priority Encoder

module Vr74x148(EI_L, I_L, A_L, EO_L, GS_L);
input EI_L; Inputs Outputs
input [7:0] I_L; ELLIOL ML I2LIBLI4LISLI6L 7L A2L Al L AOL GS L EO L
output [2:0] A_L;
output EO_L, GS_L; 1 X X X X X X X X 1 1 1 1 1
reg [7:0] I; 0 x x x x x x x 0 0 0 0 0 I
izg }g,O]EDfIi,AEE: GS_L, GS; 0 X X X X X X 0 1 0 0 1 0 1
integer j; 0 x x x x x 0 1 1 0 I 0 0 I
0 X X X X 0 1 1 1 0 1 1 0 1
always @ (EI_L or EI or I_L or I or A or EO or GS) begin
EI = "EI_L; T = "I_L; // convert inputs oo oo 0 b bd oo oo
EO_L = "EO; GS_L = "GS; A_L = "A; // convert outputs 0 x x 0 | | 1 1 1 | 0 | 0 1
EO =1; GS=10; A =0; // default output values 0 x 0 1 1 1 1 1 1 | | 0o 0 I
begin
1f (EI==0) EO = 0; (N T R R S I I 10 1
else for (j=0; j<=7; j=j+1) // check low priority first e I I 1 1 0
if (I[j]1==1)
begin GS = 1; EO = 0; A = j; end
end
end
endmodule

Table 6-31

Behavioral Verilog module for a 74x148-like 8-input priority encoder.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Three state
Buffers



Various three-state buffers

(a) (b) (c) (d)

Figure 6-51

Various three-state buffers: (a) noninverting, active-high enable; (b) noninverting, active-low enable;
(c) inverting, active-high enable; (d) inverting, active-low enable.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Use of three-state buffers

1-bit party line
P— '>—0 /
Q—ﬁ—n
74x138
R— g_.
) volo2_SELP_L
ENT — G1 vilo 4 _SELQL 4+ SDATA
EN2 L —0Ol G2A valol? SELRL
EN3 L —0 G2B valo 12 SELS L S— »
1 Y4O11 SELT L
SSRCO — A vslo 10 SELUL
RC2 —=
SSRC C v7lol_ SELWL

Figure 6-52
Eight sources sharing a three-state party line



Timing dlaqram for the three-state party line

EE

ssscen 7 J{ o I+ I -

EN2 L, EN3_ ‘L /_\ /_\

\J
[\

SDATA m H_H

RH—(-(S

. .\v
max(tpLZmaw tpHZmax) mm(thLmin’ thHmin) \~\
de’ad time \.\
. N 1-bit party line
Flgure 6-53 . p_ﬁ_. /
. N
Timing diagram for the three-state party B 3_
.. Q—j i
Ta N
74x138 N,
. volot3__SELP_L R— y A
iy ENT G1 vilo SELQ_L t—— SDATA
., | EN2L—ole2a | [Ti5 SELRL
.| EN3_L —o|aze 012 SELS_L S— 1
1 Y310
, va On SELT_L
S§RCO - A vs OID SELU_L
SSRC1 —B v6 ko SELV_L T— 1
SSRC2 —C v7 ko7 SELWL
I
3
]3|

From Digital Design: Principles and Practices, Fou

©2006, Pearson Education, Inc., Uppei

Figure 6-52

Eieht sources sharine a three-state party line.



74x541 Octal three-state buffer
g )

(a) 01\
(2) (18)
Al 1o Y1
v
(3) (17)
A2 g]\ Y2
v
[
(4) :L (16)
A3 1o Y3
(b) 74x541 v
q
;

G1 (5) (15)
e A4 g]\ Y4
—0| G2 v

2 18
A v (6) N
A5 1o Y5
—Sla vl g
—*as vzl - L g
= v va 15 AB ﬂ-/ Y6
— a5 vs % .
- ’—\I
—1 A6 Y6 —— (8) (12)
A7 1o Y7
_8 A7 Y7 i /
_ a8 ve L1 o 0
A8 g]\ Y8
v
toure 6-54

The 74x541 octal three-state buffer: (a) logic diagram; (b) traditional logic symbol.



Three-State buffers
in
MICroprocessors



74%541 as a microprocessor
input port.

Microprocessor 74x541 74x541
READ o RD L 10 G1 Input Port 1 1 G1 Input Port 2
INSEL1 Jo—SELLLL ¥ 6o L Y olee
INSEL2 o—SEL2 L1 > 18 DBO
INSEL3 |O— — (M M e
. . — A2 — A2 Y2
; : — A3 — Az yap B2
User< Z A4 User Z A4 Y4 12 EEj
Inputs Y ——{ A5 Inputs Y —— A5 Y5
A Y —ae  ve ]2 P50
_%la7 %Az oy 2 D8
9| Ag . 9] rg vg |11 DB7
DB[0:7]
Figure 6-55

Using a 74x541 as a microprocessor input port.



Verilog module for a 74x540-like 8-bit three-state driver

module Vr74x540(G1_L, G2_L, A, Y);
input G1_L, G2_L;
input [1:8] A;
output [1:8] Y;

assign Y = ("G1_L & "G2_L) 7 A : 8'bz;

endmodule
Table 6-39
Verilog module for a 74x540-like 8-bit three-state driver.
GIL .{1.'_
Ge L
(a) 1

A @ [:Lﬂ (18 yq

=~
Az B I/Iﬂ'\ 07 yo
o) e | l/ii:r“‘ 2 va

- 74x541

~oat ag |:LL| (15) 4

Zoe2 | &
a2 a5 _© | ]\ 09 vs

Hre ve 1>~

A3 Y3 — . I: .
A vall e {> 19 ve
—Has vsf 4

—; AB (G % A7 _® IZLH (12) 7

— A7 Y7 T =
AB Y8 A8 (9) I/Iﬂl (1) va

Figure 6-54
From Dlglfal Design: P?‘fﬂCiplES and Practices, Fourth Edition The 74x541 octal three-state bufTer: (a) logic diagram; (b) traditional logic symbol.

©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



74x245 octal three-state transceiver

oir — )
B3
0
®) 74245 . b e
" Al ﬂ: B1
—0lG e
L 1) _@7
2l a1 B1 S ]
@ ~L_ (17)
2 A2 B2 17 A2 ﬂ'/ B2
_ s B3 e
e 4
—Slas  Bsl s
(4 \E 16
_ 7 AB B6 18 A3 ) _D'/ (16) B3
—%ae  Bel— —é
pa 2 H: (15 gy
"
_é
a5 —© H: 44 gs
/
_é
as — ﬂ': 19 pg
L
e
a7 & ﬂ': 12 g7
L
ag 2 _D': (Y gg
L~

Figure 6-56

The 74x245 octal three-state transceiver: (a) logic diagram; (b) traditional logic symbol.



Verilog module for a 74x245-like 8-bit transceiver

module Vr74x245(G_L, DIR, A, B);
input G_L, DIR;
inout [1:8] A, B;

assign A = ("G_L & "DIR) 7 B : 8'bz;
assign B = ("G_LL & DIR) 7 A : 8'bz;
endmodule
Table 6-40
Verilog module for a 74x245-like 8-bit transceiver.
@ g U
(o) a2 |
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From Digital Design: Principles and Practices, Figure 6-56
©2006, Pearson Education, Inc., UF45 octal three-state transceiver: (a) logic diagram; (b) traditional logic symbol.




Bidirectional buses and transceiver operation

ENTFR_L ATOB Operation

- =

- - 0 Transfer data from a source on bus B to a destination on bus A.
0 1 Transfer data from a source on bus A to a destination on bus B.
1 X Transfer data on buses A and B independently.

Table 6-32

Modes of operation for a pair of bidirectional buses.

Bus A
-~ 74x245
BTL} ge-m
41" DR
Control

Circuits 2 A1 B1
e B2
ll Y B3
Slasa B4
61 as B5
“Ip6 Bs
il e BY
“lae B8

Bus B

Figure 6-57

Bidirectional buses and transceiver operation.




Bus selection codes for a four-
way bus transceiver

GAL16V8
Source 1

S2 S1 SO0  selected 5 1 o

AOE_L 12 01 A1
0O 0 O 00 BOE L lia 1028 B1
0O 0 1 01 COE_L Sl VR To <] MY
O 1 0 10 DOE_L Z 5 104 ﬁ C1

MOE_L (5] 105 Cc2
0 1 1 I S0 117 1062 D1
| 0 0 A bus S1 18 107 |2 D2
1 0 1 B bus S2 1? 19 082 o A2
11 0 C bus 10
1 | | D bus XCVR4X2

Figure 6-58
Table 6-34 PLD inputs and outputs for a four-way, 2-bit bus transceiver.

Bus-selection codes for a four-way bus transceiver.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



PLD inputs and outputs for a
four-way, 2-bit bus transceiver

GAL16V8
"
AOE._L 12 o1 |2 A
BOE_L °lis 1022 B1
COE_L “1ia 103 B2
DOE_L °lis 104 |0 C1
MOE_L °lie 1052 c2
S0 17 06l 2 D1
S1 ®lis 1072 D2
S2 il e o8| lZ e A2
{110
XCVR4X2
Figure 6-58

PLD inputs and outputs for a four-way, 2-bit bus transceiver.



Verilog module for a four-way,
2-bit bus transceiver

Source
S2 S1 S0  selected
module VrXcvrdx8(A, B, C, D, S, AOE_L, BOE_L, COE_L, DOE_L, MOE_L); 0 0 0 00
input [2:0] S; 0 O 1 01
input AOE_L, BOE_L, COE_L, DOE_L, MOE_L;
inout [1:8] A, B, C, D; 0 1 0 10
reg [1:8] ibus; 0 1 1 11
always @ (A or B or C or D or 8) begin 1 0 0 A bus
if (8[2] == 0) ibus = {4{S[1:01}}; 10 1 B bus
else case (S[1:0])
0: ibus = A: 1 1 0 C bus
1: ibus = B; 1 1 1 D bus
2: ibus = C;
3: ibus = D;
endcase
end Table 6-34
assign A = ((TAOE_L & "MOE_L) && (S[2:0] != 4)) 7 ibus : 8'bz; . .
assign B = (("BOE_L & "MOE_L) && (S[2:0] != 5)) ? ibus : 8'bz; Bus-selection codes for a four-way bus transceiver.
assign C = (("COE_L & "MOE_L) && (S[2:0] != 6)) 7 ibus : 8'bz;
assign D = (("DOE_L & "MOE_L) && (S[2:0] != 7)) 7 ibus : 8'bz;
endmodule

Table 6-41

Verilog module for four-way, 2-bit bus transceiver.



Multiplexers



Multiplexer structure

1D1 !
: SN o 1Y

I
1
:
multiplexer 2D0 - |
@) . 2D1 Ji |
bl . S .
enable - . . \I - oy
select —7=) SEL Dt — A E :
b : ' :
1
/ . 0 ]
—7— DO . ; :
1 ]
ndata ¢ ;_ y . Y == data bD1 \ :
sources . . output . DN oo bY
.b . i . 1 -
e
SEL EN

Figure 6-59

Multiplexer structure: (a) inputs and outputs; (b) functional equivalent.



74x%4151 s-input, 1-bit mux

EN_L

DO

D1

D2

D3

D4

D5

D6

D7

(3)

o>

— >

>o—
>0

g>

Inputs Outputs
EN.L S2 S1 S0 Y Y L
1 X X X 0 1
0 0 0 0 DO Do’
0 0 0 | D1 D1’
0 0 1 0 D2 D2’
— \ o 0 1 1 D3 DY
"—‘—/ 0 1 0 0 D4 D4
\ 0 1 0 1 D5 D5’
"__—/ 0 1 1 0 D6 D6’
\ 0 1 | | D7 D7’
—— /
) (5)
j\ Y
T S il o 9 v
74x151
) .
=/ ., =0
——{80
_/‘ —1s1
f — 9 g2
\ _4 DO 5
__/ —*Ip1 06—
_1 D3
—lpa
_"“lps
_:2 D6
(a) — b7 (b)
Figure 6-60

The 74x151 8-input, 1-bit multiplexer: (a) logic diagram; (b) traditional logic symbol.



/4x151 8-input, 1-bit mux

Inputs Outputs
EN.L S2 S1 80 Y Y_L

1 X X X 0 1
0 0 0 0 DO DO
0 0 0 1 D1 D1’
0 0 1 0 D2 D2’
0 0 1 1 D3 D3
0 1 0 0 D4 D&
0 1 0 1 D5 D5’
0 1 | 0 D6 D6’
0 1 | | D7 D7’

Table 6-42

Truth table for a 74x151 8-input, 1-bit multiplexer.



T4x151

Combining 74x151s
0 make a 32-to-1
multiplexer

= Decoding and
enabling

°  xout

—O[EN
XAD A
XA g
xA2 j C .
X0 Di Y p—
I 3 D? vlos XooL
o————
x2 *1p2
X3 Hps
X4 il o
X5 b5
X6 e
12
x7 D7
74x138 vz
5 ENO_L
) 15 _|
XEN2 —2{ G i g“ ENA_L
XEN1_L—20f Gea vo [ te ENE_L
Ele [erl:! 12 EN3_L
e T~ qaast
XA3 1 v4 o - S
A 10 EN ™~
xad 2l g Y50 ¥ DR
el Y6 [0 10 - -
Y7 o= 218 =
u1 11° .
Do v
© 5] o1 5 XO1 L
xa 21 pe
X10 b3
X11 i 1Y)
x12 “los
X13 P lps
X14 2oz
X15 us !
74x151 2
_70 EN 4
[T I 5
1: B
s .
4
x16 Do v
a 6 XO2_L
X7 o1 Yio——
X18 1oz
X19 b3
X20 51 D4
x21 “los
x22 lpg
12
X23 D7 Ua
74x151
—o; EN
A
12 B
4 € 5
x24 D Y p—
o 3 D? vlos XosL
oo
X26 *1p2
x27 o3
X28 1 PV
X29 i D5
X30 B e
12
X31 D7 Us




74x157 2-input 4-bit mux

@en L ”15)) o (b) 74x157
s O Bolen
1
S
DO O —2l4po 4
O} —2 o1 7
—2D0 7
100 —Olopy 2
11
. ——13D0 9
(@)
3 1Y _ 19 3D 3Y
1D1 M 4D0 12
Sl ¥
200
o D oy
2 Inputs Outputs
o EN.L S 1Y 2Y 3Y 4Y
apo 1 x 0 0 0 0
9 a4y 0 0 1D0  2D0  3D0  4DO
(10)
301 0 1 iD1  2D1  3D1  4Df
4po 2
B Table 6-43
(12)
) 4 Truth table for a 74x157 2-input, 4-bit multiplexer.
Figure 6-61

The 74x157 2-input, 4-bit multiplexer: (a) logic diagram; (b) traditional logic symbol.



GAL16V8 used as a
74x157 multiplexer

GAL16VS8
EN L — I
s—2lp o1 |2 Y1
D1 0 —=1i13 1028 Y2
D1 1 — i 1031 NG
2 inputs, each 4  D2.0 Z 15 |04%N.C.
bits D2_1 16 105 —— N.C.
D30 — {17 1062 NcC.
D3 1 ——2lis o072 Y3
D4 0 — 119 o8 |2 Y4
Da 1 — {110
774X157
Figure 6-66

Logic diagram for the GAL16V8 used as a 74x157-like multiplexer.



Buffers to handle
large fanout

S2in —._>07 S2A L
(fanout = 8) U (to muxes 0-3;

1
fanout = 20)
._>07 S2B_L
U2 (to muxes 4-7;
° fanout = 20)
[ ]
[ ]
4[>o— S2C_L
us (to muxes 28-31;
fanout = 20)

Figure 6-63

Buffers to handle a fanout of 160 in multiplexer control application.



A mux driving a bus and a demux receiving

the bus

()

multiplexer demultiplexer
SRCA l l DSTA
SRCB —— DSTB
“x BUS
SRCC * o oo DSTC
] i
SRCZ i i DSTZ
SRCSEL DSTSEL
SRCA T~ — DSTA
SRCB D
BUS STB
SRCC —Q MUX DMUX - DSTC
SRCZ — P ~_ DSTZ
SRCSEL DSTSEL
Figure 6-64

A mux driving a bus and a demultiplexer receiving the bus:
(a) switch equivalent; (b) block-diagram symbols.



Decod_ers as
dermultiplexers




3-t0-8 binary decoder as a
demultiplexer

O—— DSTODATA_L
O—— DST1DATA_L
O—— DST2DATA_L
O—— DST3DATA_L
O—— DST4DATA_L
O—— DST5DATA_L
O—— DST6DATA_L
O—— DST7DATA_L

(a) 3-to-8 decoder (b) L5V 74x138
R
SRCDATA G YO |—— DSTODATA YO
L NNVN—] G1
Y1 DST1DATA SRCDATA L -l goa !
DSTSELO 10 Y2 |—— DST2DATA - cop T2
DSTSEL1 1 Y3 |—— DST3DATA 47_0 Y3
DSTSEL2 12 Y4 |—— DST4DATA Y4
DSTSELO A
Y5 |—— DST5DATA Y5
Y6 |—— DST6DATA DSTSELT 5 Y6
DSTSEL2 C
Y7 |—— DST7DATA Y7
Figure 6-65

Using a 3-t0-8 binary decoder as a 1-bit, 8-output demultiplexer: (a) generic decoder; (b) 74x138.



GALs as
multiplexers




Function table for a
SPECIALIZED 4-input, 18-bit
mux.

S0
s1
82 GAL16VS8
S2 S1 SO Input to Select AO 1 11
0 0 0 A Al — 2112 o1 |2 FO
0 0 | B A2 j 3 102 :j
0 1 0 A BO 14 103
0 1 1 C Bl — {15 104}
1 0 0 A B2 : 6 105 :i F1
1 0 1 D Co . 17 106 p
1 1 0 A C1 . 18 107 -
1 1 1 B c2 19 08 F2
Do — 110
D1
— MUX4IN3B
Table 6-46 D2
Function table for a specialized 4-input, 18-bit multiplexer. Figure 6-67
Logic diagram for the GAL16V8 used as a specialized 4-input, 3-bit multiplexer.




Behavioral Verilog for a
specialized 4-input 18-bit mux

module Vrmux4ini8b(S, A, B, C, D, Y);
input [2:0] S;
input [1:18] A, B, C, D;
output [1:18] Y;
reg [1:18] Y;

always @ (S or A or B or C or D)
case (S)
3'd0, 3'd2, 3'd4, 3'd6: Y = A;
3'dl, 3'd7: Y = B;

3'd3: Y = C;
3'db: Y = D;
default: Y = 8'bx;
endcase
endmodule

Table 6-53

Behavioral Verilog program for a specialized 4-input, 18-bit multiplexer.

From Digital Design: Principles and Practices, Fourth Edition, John F. Wakerly, ISBN 0-13-186389-4.
©2006, Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.



Dataflow Verilog for a 4-input, 8-bit mux

module Vrmux4in8b(YOE_L, EN_L, S, A, B, C, D, Y);
input YOE_L, EN_L;
input [1:0] S;
input [1:8] A, B, C, D;
output [1:8] Y;

assign Y = ("YOE_L == 1'b0) 7 8'bz : (
("EN_L == 1'b0) ? 8'b0 : (
(S ==2'd0) 7 A : (
(8§ == 2'dl) ? B : (
(8 == 2'd2) ? C : (
(S ==2'd3) 2?7 D : 8'bx)))));
endmodule

Table 6-51

Dataflow Verilog program for a 4-input, 8-bit multiplexer.



Behavioral Verilog for a 4-
input, 8-bit mux.

module Vrmux4in8bc(YOE_L, EN_L, S, A, B, C, D, Y);
input YOE_L, EN_L;
input [1:0] S;
input [1:8] A, B, C, D;
output [1:8] Y;
reg [1:8] Y;

always @ (YOE_L or EN_L or S or A or B or C or D) begin
if (CYOE_L == 1'b0) Y = 8'bz
else if (EN_L == 1'b0) Y =
else case (8S)
2'd0: Y = A;
2'dl: Y =B
2'd2: Y =2C
2'd3: Y =1D
default: Y
endcase
end
endmodule

bO;

8'bx;

Table 6-52

Behavioral Verilog module for a 4-input, 8-bit multiplexer.
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