CS 240 Lab 2
More Digital Logic
and
Combinational Circuits

Binary and Hex Numbers/Binary Counter
Multiplexer
Decoder

Adder



Binary and Hexadecimal Numbers

Hex Binary
QD QC QB QA

0 O 0 0 O
1 0O 0 0 1
2 O 0 1 O
3 0O 0 1 1
4 O 1 0 O
5 0O 1 0 1
6 O 1 1 O
7 0O 1 1 1
8 1 0 0 O
9 1 0 0 1
A 1 0 1 O
B 1 0 1 1
C 1 1 0 O
D 1 1 0 1
E 1 1 1 O
F 1 1 1 1

Hex can be converted to binary and vice versa by grouping into 4
bits.

111101012:F516 37162001101112



Binary Counter
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Multiplexer

A multiplexer can be thought of as a steering circuit, which steers a single
input from a set of inputs through to the output, based on the select line.

Multiplexer

Select one

- n select lines
“2" input lines
- 1 output

One of the possible 2" inputs is chosen by the n select lines, and gated through
to the output of a multiplexer. The truth table for an 8x1 MUX is:

S2 S1 S0 Q

0 0 DO
D1
D2
D3
D4
D5
D6
D7
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Decoder

A decoder translates an binary number input to the select lines, and asserts the
corresponding numbered output.

- n input/select lines

- 2" outputs

- only one of the outputs is active at any given time, based on the
value of the n select lines.

2x4 Decoder
Do —
BO 7 Dl —
Bl 7 Dz —
Dg —
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Truth table for an 3x8 decoder

| Q0 Q10Q2 Q3 Q4 QS Q6 Q7

S2 S1S0

0O 0 0 O
0 0 O

I 0 O

I O

1

0O 010 0 0 0 O

00O
0 0 1
010
011
1 00
I 01
1 10
I 11



Adder

Addition is a very important arithmetic operation, and uses the Exclusive OR
gate!

Half-Adder — adds two one-bit values

A A B Cout Sum
B vl ) rsum

0 0

R PPk OO
R O = O

0 1
0 1
1 0

Cont



Full Adder — uses two half-adders and incorporates a
carry-in

Cim

B i:)— SUM

¢

Cout
Cin A B Cout Sum
0 0 0 0 0 Sum = A@B®Cin
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1 Cout = AB+(A®B)Cin
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1



