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Combinational Logic Design Examples

1. 2-bit comparator circuit design using K-map

2. 2-bit comparator circuit design using QM-procedure
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4. BCD to 2421 converter circuit design using QM-
procedure
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Combinational Logic Design
Examples




1. 2-bit comparator circuit design using K-map

A 2-bit comparator receives two 2-bit numbers, A = A A,
and B = B,B,. Design a minimal sum of products circuit that
produces a “001” output when A<B, “010” when A=B, and
“100” when A>B

From instruction, there are 3 bits output F,F,F,

0 A<B 2 Fy = 21 pop180(1,2,3,6,7,11)

0 A=B = F; =X,; a081.80(0,5,10,15)

0 ASB = F,= %, a0p180(4,8,9,12,13,14)
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‘ 1. 2-bit comparator circuit design using K-map
(cont.)
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‘ 1. 2-bit comparator circuit design using K-map
(cont.)

Draw circuit diagram — F
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2. 2-bit comparator circuit design using QM-

procedure

From instruction, there are 3

bits output F,F,F,

0 A<B> F, =
z“Al,AO,Bl,BO(:I-’2’31617111)

o A=B>F, =
2Al,AO,Bl,BO(O15’1O’15)

0 ASBF,=
ZAl,AO,Bl,BO(4’8’9’12’13’14)

Finding minimal sum of F,

o Stepland?2

v 0001 |Groupl
v 2 0010
v 3 0011 |Group2
v 6 0110
v 7 0111 |Group3
v 11 1011
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2. 2-bit comparator circuit design using QM-
procedure (cont.)

Finding minimal sum of F, (1,3) 00-1 Group 1
(cont.) v(2,3) 001- and 2
o Step 3 ” v (2.6) 0-10
o Step 4 v (3,7) 0-11 Group 2
(1,3) 00-1 Pl,
(2,3,6,7) 0-1- PI,
(3,11) -011 Pl
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2. 2-bit comparator circuit design using QM-
procedure (cont.)

= Finding minimal sum of F, A NN
(cont.)
o Step 5,6, and 7 g 1 12| 3|6 | 7|11
o Step 8

= F,=Pl, +Pl,+Pl,
=00-1 + 0-1- + -011
o Thus, Fg= A,A, B+ A, B,
+ Ay"-B1By

Panupong Sornkhom, 2005/2



2. 2-bit comparator circuit design using QM-

procedure (cont.)

Finding minimal sum of F,

o Stepland?2

0 0000 |GroupO
- Groupl
5 0101 |Group2
10 1010
- Group3
15 1111 |Group4
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2. 2-bit comparator circuit design using QM-

procedure (cont.)

Finding minimal sum of F,

(cont.)
o Step 3

Can’t combine any term

o Step 4
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1111

Pl,
Pl,
Pl,
Pl,
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2. 2-bit comparator circuit design using QM-

procedure (cont.)

» Finding minimal sum of F,
(cont.)

Q

Q

Step 5,6, and 7
Step 8
s« Fy=Pl,+Pl,+Pl+Pl,

= 0000 + 0101 + 1010 + 1111
Thus, Fi=A"A) B, -By +
A -AyB{ By + Aj-A) BBy +
A;-AyB1-Bg

v
o

10

15

Panupong Sornkhom, 2005/2

12



2. 2-bit comparator circuit design using QM-

procedure (cont.)

Finding minimal sum of F,

o Stepland?2

v 4 0100 |Groupl
v 8 1000
v 9 1001 | Group2
v'12 | 1100
v'13 | 1101 |Group3
v 14 1110
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2. 2-bit comparator circuit design using QM-

procedure (cont.)

Finding minimal sum of F, (4,12) -100 Group 1
(cont.) v/(8,9) 100- and 2
Step 3 > ]
0 Slep v (8,12) 1-00
1 Step 4 v'(9,13) 1-01 Group 2
v(@a213) | O and 3
(12,14) 11-0
(4,12) -100 Pl
(8,9,12,13) | 1-0- PI,
(12,14) 11-0 Pl
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2. 2-bit comparator circuit design using QM-
procedure (cont.)

» Finding minimal sum of F, slviliviviv] v
(cont.)
o Step 5,6, and 7 > 4 | 8|9 (12|13 |14
o Step 8

= F,=Pl, +Pl,+Pl,
=-100 + 1-0- + 11-0
o Thus, F,= A,-B,"-By + A,-B,
+ Ap-Ag'By
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3. BCD to 2421 converter using K-map

A BCD to 2421 converter Value BCD 2421
receives 4-bit BCD and As | Ay A1 |Ag [ Fs | Fo [ R | Fo
convert them to 4-bit 2421 0 ojojojo|lofjOo|O0O]|oO
code 1 olo|lo|l1]|]0|l0]|0]|1
F3 = 2a3a0120(5,6,7,8,9) + 2 cj0j1j0jo0j0J1]0
d(10,11,12,13,14,15) 3 o|o0O|1|1|]0|0|1]|1
F, = X3 a0.41 20(4.,6,7,8,9) + 4 0111070101 1/0]0
d(10,11,12,13,14,15) o cj1j]011]1]101]|1
Fi1 =23 a24100(2,3,5,8,9) + : g i i 2 i ! 8 0
d(10,11,12,13,14,15) 1 1
_ 8 1/0|lo0lof1]|21|1]o0
Fo = 2a3a2a1 20(1,3,5,7,9) + 9 T o Tols 11l

d(10,11,12,13,14,15)
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‘ 1. 2-bit comparator circuit design using K-map
(cont.)

; A
= Draw K-maps %"\ e o1 _u AAS o 5 o
2 n
QUG LD | O Lo 3000 ©Clpo|o
Ukl I | & T L ol
*Om__}ha{ B 1o\ [ 1 [d o)l
K — LS
E :
3 = Py BESREH FLoe B, b e +4 p
b Mo
|
AN 00 o1 1 19 NI

F:f\': A"a‘*,}'z'ﬁjﬂtﬂlvﬂrr'ﬁrn F‘(;

Panupong Sornkhom, 2005/2



‘ 1. 2-bit comparator circuit design using K-map
(cont.)

= Draw circuit diagram

F
A Be= +
‘ = -
A F
* M= =3 \
| Ll
A A O
o> F
> == 3
A !
| M= —
l L F

Panupong Sornkhom, 2005/2 2

18



4. BCD to 2421 converter using QM-procedure

Fs = Za3 a2 a120(5,6,7,8,9) + d(10,11,12,13,14,15)
Fy = Sas a2 a120(4,6,7,8,9) + d(10,11,12,13,14,15)
Fi = Sasaoa10(2:3,5,8,9) +d(10,11,12,13,14,15)
Fo = Zas a2 a1.a0(1,3,5,7,9) + d(10,11,12,13,14,15)
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4. BCD to 2421 converter using QM-procedure

(cont.)
Step 1and 2
F3 I:2 I:1 I:0
v 8 1000 v 4 0100 v 2 0010 v 1 0001 Group 1
v 8 1000 v 8 1000

v'5 0101 v 6 0110 v '3 0011 v 3 0011 Group 2
v 6 0110 v 9 1001 v'5 0101 v'5 0101

v 9 1001 v 10 1010 v' 9 1001 v 9 1001

v 10 1010 v 12 1100 v 10 1010 v 10 1010

v 12 1100 v 12 1100 v 12 1100

v 7 0111 v 7 0111 v 11 1011 v 7 0111 Group 3
v 11 1011 v 11 1011 v 13 1101 v 11 1011

v 13 1101 v 13 1101 v 14 1110 v 13 1101

v 14 1110 v 14 1110 v 14 1110

v 15 1111 v 15 1111 v 15 1111 v 15 1111 Group 4

Panupong Sornkhom, 2005/2

20




4. BCD to 2421 converter using QM-procedure

(cont.)
I:2 I:l
v(8,9) 100- v(4,6) | 01-0 v(2,3) | 001- v (1,3) 00-1 Group 1
Step 3 v(8,10) 10-0 v(4,12) | -100 | v(2,20) | -010 v'(1,5) 0-01 and 2
v(8,12) 1-00 v(8,9) 100- v(8,9) 100- v (1,9) -001
v(8,10) | 10-0 | v(8,10) | 10-0
v(8,12) | 1-00 | v(8,12) | 1-00
v (5,7) 01-1 v(6,7) | 011- | v(3,11) | -011 v (3,7) 0-11 Group 2
v(5,13) -101 v(6,14) | -110 (5,13) 101 | v/(3,11) -011 and 3
v (6,7) 011- v(9,11) | 10-1 | ¥v(9.11) | 101 v(5,7) 01-1
v (6,14) -110 v(9,13) | 101 | Y(9.13) | 101 | v(513) -101
v(9,11) 10-1 | v(10,11) | 101- | v(10,11) | 101- | v(9,11) 10-1
v(9,13) 1-01 v(10,14) | 1-10 | Y(10,14) | 1.10 | v/(9,13) 1-01
v'(10,11) 101- v(12,13) | 110- | ¥(12,13) | 110- | v/(10,11) | 101-
v'(10,14) 1-10 v(12,24) | 11-0 | ¥(1214) | 110 | v(10,24) | 1-10
v(12,13) 110- v(12,13) | 110-
v (12,14) 11-0 v(12,14) | 11-0
v(7,15) -111 v(7,15) | -111 | v(@1,15) | 1-11 | v(7,15) -111 Group 3
v(11,15) 1-11 | v(@1,15) | 1-11 | v(13,15) | 11-1 | v(11,15) | 1-11 and 4
v/(13,15) 11-1 | v(@3,15) | 11-1 | v(14,15) | 111- | v(13,15) | 11-1
v'(14,15) 111- | v(14,15) | 111- v(14,15) | 111-
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4. BCD to 2421 converter using QM-procedure

(cont.)

Step 3

Fs F> Fy Fo

v(8,9,10,11) 10-- (4,6,12,14) -1-0 (2,3,10,11) -01- v(1,3,5,7) 0--1 Group 1,2,
v(8,9,12,13) 1-0- v'(8,9,10,11) 10-- v(8,9,10,11) 10-- v'(1,3,9,11) -0-1 and 3
v'(8,10,12,14) | 1--0 v'(8,9,12,13) 1-0- v'(8,9,12,13) 1-0- v'(1,5,9,13) --01

v(8,10,12,14) | 1--0 v'(8,10,12,14) 1--0

(5,7,13,15) -1-1 (6,7,14,15) -11- (5,13) -101 | v/(3,7,11,15) -11 Group 2,3,

(6,7,14,15) -11- | v(9,11,13,15) | 1--1 v'(9,11,13,15) 1--1 v'(5,7,13,15) -1-1 and 4
v(9,11,13,15) | 1--1 | v(10,11,14,15) | 1-1- | v(10,11,14,15) | 1-1- | v/(9,11,13,15) 1--1
v(10,11,14,15) | 1-1- | v(12,13,14,15) | 11-- | v(12,13,14,15) | 11-- | (10,11,14,15) 1-1-
v(12,13,14,15) | 11-- (12,13,14,15) 11--
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4. BCD to 2421 converter using QM-procedure

(cont.)
Step 4
FS |:2
(8,9,10,11,12,13,14,15) 1 (4,6,12,14) 10 | Pl
(5,7,13,15) 11 | (89,10,11,12,13,14,15) | 1-- Pl,
(6,7,14,15) 11- (6,7,14,15) 11- | Pl
F, Fo
(2,3,10,11) 01- (1,3,5,7,9,11,13,15) 1 PI,
(8,9,10,11,12,13,14,15) 1 (10,11,14,15) 1-1- | Pl
(5,13) -101 (12,13,14,15) 11- | Pl
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‘ 4. BCD to 2421 converter using QM-procedure
(cont.)

Step 5,6, and 7
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4. BCD to 2421 converter using QM-procedure
(cont.)

Fy =PI, + Pl, + Pl, F, = Pl, + Pl, + Pl,
0 Fy=1--+-1-1+-11- 0 F,=-01- + 1--- + -101

0 Fa= Ayt AyAg+ ALA, 0 F = A A AL+ AGAA,
F, =PI, + P, + Pl, F, =PI,

0 F,=-1-0 + 1 + -11- 0 Fp=--1
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Combinational Logic Design
Practices




1. Documentation Standards

Good documentation is essential for correct design and
efficient maintenance of digital systems.

Although the type of documentation depends on system
complexity and the engineering and manufacturing
environments, a documentation package should generally
contain at least the following six items:

Circuit specification

Block diagram

Schematic diagram

Timing diagram

Structured logic device description
Circuit description

o 0O O 0O 0O O
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1. Documentation Standards (cont.)
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1. Documentation Standards (cont.)

= Schematic diagram
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1. Documentation Standards (cont.)

Gate symbols

A

) &
0§

OR

8

sl

NOR

AND

NAND

I~
L~
—>o— INVERTER o[>

BUFFER —o[>o—

Equivalent gate symbols

Pictures from text book DDPP
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1. Documentation Standards (cont.)

Signal names and active levels

o Each input and output signal in a logic circuit should have a
descriptive alphanumeric label, the signal’s name.

o A signal’s name indicates an action that is controlled (GO,
PAUSE), a condition that it detects (READY, ERROR), or data
that it carries (INBUS[31:0]).

o Each signal name should have an active level associated with

It.

A signal is active high if it performs the named action or denotes the
named condition when it is HIGH or 1.

A signal is active low if it performs the named action or denotes the
named condition when it is LOW or 0.

A signal is said to be asserted when it is at its active level. A signal is
said to be negated (or deasserted) when it is not at its active level.
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1. Documentation Standards (cont.)

Signal names and active levels

(cont.)

o The active level of each signal
In a circuit is normally specified

as part of its name, according
to some convention.

Active Low Active High
READY- READY+
ERROR.L ERROR.H

ADDR15(L) ADDR15(H)

RESET* RESET
ENABLE~ ENABLE
~GO GO

/IRECEIVE RECEIVE

TRANSMIT L | TRANSMIT
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1. Documentation Standards (cont.)

Active levels for Pins

: T DO
o Active levels may be —} ENABLE - ©

associated with the input and THING
output pins of gates and larger- D
scale logic elements.

o We use an inversion bubble to (
iIndicate an active-low pin and

the absence of a bubble to @ 00
. . . . . ENABLE
Indicate an active-high pin - MY

THING

i

T

w

)

s

—
L2

Pictures from text book DDPP
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1. Documentation Standards (cont.)

Bubble-to-Bubble Logic Design

o Bubble-to-bubble logic design is the practice of choosing logic symbols
and signal names, including active-level designators, that make the
function of a logic circuit easier to understand.

o Usually, this means choosing signal names and gate types and symbols
so the most of the inversion bubbles “cancel out” and the logic diagram
can be analyzed as if all of the signals were active high.

(a) A
} DATA

SEL

ADATA_L
BDATA_L

DATA
=ASEL- A+ ASEL"-B
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1. Documentation Standards (cont.)

Bubble-to-Bubble Logic Design (cont.)

o Bubble-to-bubble logic design rules

The signal name on a device’s output should have the same active
level as the device’s output pin

If the active level of the input signal is the same as that of the input
pin to which it is connected, then the logic function inside the
symbolic outline is activated when the signal is asserted. This is the
most common case in a logic diagram.

If the active level of an input signal is the opposite of that of the input
pin to which it is connected, then the logic function inside the
symbolic outline is activated when the signal is negated. This case
should be avoided whenever possible because it forces us to keep
track mentally of a logical negation to understand the circuit.
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1.

Documentation Standards (cont.)
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