Discrete Maths - Digital Logic
Laboratory 3: Full Adder

Assessment Criteria

Assessment in this lab is based on these performance msasure
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Mastery of Boolean Logic;
Adherence to Design Principles;
Circuit construction;

Record of Results;

Tidying up after yourself.

1 Equipment List
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5V power supply
Protoboard

Switch and LED board
Cutters

Pliers

Single strand hook-up wire
One 74LS08 (quad AND)
One 74LS86 (quad XOR)

page 1 of 7

OVER/



74L.S04 HEX NOT

1 [ ]
2 [ ]

3 [ ]

4 ]
5 [

6 |

GND 7 []

Juuodutul

1]
2 []
3 [
4 []

2

5[]
6 [
GND 7 []

V5

Juuodutbul

14 VvCC
13
12
11
10

14 VvCC
13
12
11
10
9
8

74L.S32 QUAD OR

74LS08 QUAD AND

1 [ ] ~ ]
2:@ ]
3 [ 5:
4 [ ]
5:@ ]
6 [ @:
GND 7 [] ]
1 [ ] ~ ]
2:@ ]
3 ] V,E:
4 [ ]
SII%J ]
6 [ %j
GND 7 [] -]

14 VvCC
13
12
11
10
9
8

14 VvCC
13
12
11
10
9
8

74L.S86 QUAD XOR

page 2 of 7

OVER/



red

0

black

del
H &84

A
N
D

K

Project Boards

V1

O
Z

EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN

EEEENE EEESENE EEEEN EEEENE EEEEN EEEEE EEESENE EEEEN EEEENE EEEEN

1 5 10 15 20 25 30 35 40 45 50 55 60
A SEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEE A
BE EEEEEEEEEEEEEESEESEESEEEESESEEEEEEEEEEEEESEEEEESEEEEEEEEEEEEEEEEEEER B
CEEEEEESEEEEEESEESEESESEEEESEESEEESEESEEEEESEESEEEEEEEEEEEEEEEEEEEmnnnnm C
D EEEEEEEESEEEEEESEESEESESEEESSEESESEEEEESEEEEESEEEEESEEEEEEEEEEEEEEEEEER D
EEESEEEEEEEEEEEESESESEESEEEESESESEEESSEESEEEEEESEEEEEESEEEEEEEEEEEEEEEEEER E
F SESESEESEEEEEEEEESESEEESESESESESEESEEEEESEEEEESEEESEEEEEEEEEEEEEEEEEEEEEN F
CENEEEEESEEEEEESESESESSEESSEESEESEEEEESEESEEESEEEEEEEEEEEEEEEEEEEEEEEnmEm G
HEESEEESEEEEEEEEESEESEESEESESESESESESSESESEESEESEEEEEESEEESEEEEEEEEEEEEEEER H
| S EEEEEEEEEEEEEEESEEEEEESEEEEESEESEESEEESEEEEESEEEEESEEEEEEEEEEEEEEEEN |
) SEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEER J

1 5 10 15 20 25 30 35 40 45 50 55 60

EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN

EEEEN EEESEN EEEEN EESEEN EEEEN EEEEN EEESEN EEEEN EESEEN EEEEN

EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN EEEEN

— SAgEEN EEEEY EEEEN EPEEN EEEEN EEEENE EEEENE EEEEN EEEENE EEEEN

1 5 10 15 20 25 30 35 40 45 50 55 60
ASEElEEEEEEEENEEEEEEEENEEEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE A
E EEEEEEEEEEEEEESEESEESEEEESESEEEEEEESEEEEEESEEEEESEEEEEEEEEEEEEEEEEEER B
CEEEEEEEEEEEESEEEESSEESEESEESESEESEESEEEEESESEEEESEEEEEEEEEEEEEEEEEnnnnm C
D EEEEEEEEEEEEEESEESESESESEEESSEESEEEEEESEEEEESEEEEEEEEEEEEEEEEEEEEEEER D
EwmmmpOnnnon==0nnnnnn==q0nnnnn==fn0nQ[=" " sssssssssesssssssnnnnnnnnn £

) 74L.S04 ) 74L.S08 ) 741L.S32 ) 741586

F e Ul . UUU0U0lea U000l me U000l s m e e e e e e e e e e e s e e e e eeeennnnnm F
CENEEEEEEEEEEESEEEESEEESEEEEESEEEEESEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEE G
HEEEEESEEEEEEEEESEEESEESEESEESSEESESSESESESEESEEEEESEESEEEEEEEEEEEEEEER H
| ESEEEEEEEEEEEEEEESEEEEEESEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEEEEENR |
) SEEEEEEEEyEEEEEEEEEEEEESEEyEESEEEEEEJESSEESEESEEEEESEEEEEEEEEEEEEEN J

N 1 5 10 15 20 25 30 35 40 45 50 55 60

\\\‘IIII EdEEN EEEES EEEEN EEEEN EEdEN EEESEN EEEEN EESEEN EEEEN

EEEENE EEESENE EEEEN EEEENE EEEEN EEEEE EEESENE EEEEN EEEEN EEEEN

OVER/

page 3of 7




2 Full Adder

The Half Adder (HA) of the previous laboratory produces a Carry-Out, bud h@ Carry-In, so it
canonly be used to add-bit numbers. In manual decimal arithmetic, each digit is ad@épasately,
starting from the least significant digit, and the carry-fyotn each digit is forwarded as an input
to the next higher digit. Similarly, an-bit binary addition can be implemented bgascading n
Full Adders. Each Full Adder hasthree (3) input bits namedA, B and Carry-InC;, which it adds
together; andwo (2) output bits named Carry-Out(,) and Sum §) (which together form &wo-bit
number).Complete the following Truth Table for a Full Adder, then have it checked and marked
by a demonstrator.

Hint1: 0+ 0+ 1=1. Thathas carry out =0, and sum = 1. Hence, wHaassa2-bit number?

Hint2: 1+1+1=3. How i3 represented in binary? (You NEED to know the binary numbers u
to at leastl5, otherwise how will you complete your MAT1DM exam?)

R RRolo ol o>
R R OO R R o oO|m

In the table, thoseutput values forC, andSthat are printed itvold italic have a carrynput C; equal
to 0. This G = 0) corresponds to the output of a Half Addén the next space, prove this fact
mathematically, then have your answer checked and marked by a demonstrator.

Hint: The formula for ehalf adder is H = A+ B, and afull adder hasF = A+B+C;.

Observe that th& bit is 1 whenever there are add number of ones among the inpsB andC,.
That means tha® is the XOR of the three inputsS= A® B& C;. We can implement that as two
XORs in series.

Also note thatC, is 1 whenevenat least two of the inputs are 1. We could implement that using
three AND gates and an OR, so that the Full Adder would useatesaltogether, but there’s a more
efficient solution.

SinceF = A+B—+C; = (A+B) +C; one Half Adder can do tha+ B part of the addition, as noted
above. We can use a second HA to &ltb get the full adder’s sum b& How to obtain its carry-out

bit Co? On a moment’s reflectiolf, = 1 when either HA has a carry-out. So one might consider
using an OR gate to generdig.

But canboth Half Adders produce aarry at thesame time? The first HA produces a carry C1 =1
when both A and B are 1, and then its sum S1 = 0 and the secondceg bit C2 = 0. Therefore
the OR gate can be replaced by>@@R, sotwo (2) | Cs suffice, ar4L S08 quad AND and &4L S86
guad XOR.
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There are 8 signals3 inputs A, B and G to connect to switches3 intermediate signals S1, C1,
C2; and2 outputsCpand S, to be connected to LEDs. Fill out the following sigswltch/LED/color
table. Remembeione color for each signal; one signal for each color.

| Signal || Switch| LED | Color |

A none
B none
G none
S1 none | none
Ci none | none
C2 none | none
Co none

S none

Thistable MUST be approved and MARKED by a demonstrator before you can proceed.

Draw the full design of this circuit, using two AND gates and thk@R gates, in the space provided.
You MUST number all pins, not only in this diagram, but in every logic diagram in théses. You
also alsaviUST record theswitch numbers. ED numbers, and wireolor s on the logic diagram.

DO NOT build anything yet!

Thisdesign MUST be approved and MARKED by a demonstrator before you can proceed.

Abiding by the approved color coding scheme, you may now build the full adder circuit, using one
74L.S08 and one 74LS86.

The demonstrators wilNOT diagnose — much less repair — faults in a circuit that is nately
color-coded, because it's unreasonable to expect anyospetod disproportionate time on fixing
someone else’s poorly constructed circuit.

You have been warned. So build each circuit sensibly.
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Have your circuit construction checked and MARKED by a demonstrator.
Test the full adder, and record its observed outputs in theWong truth table.

(1[2]3]1]2]
(A[B|G[G|S]
0]0]0
001
0[1]0
011
1/0]0
1[0 1
1[1]0
111

These results absolutely MUST be checked and MARKED by a demonstrator before you proceed.

3 Two-Bit Adder

A two-bit adder can be constructed from two full addersjdging a wire from the carry-out of one
full adder to the carry-in of the other. Be carefulrmnove the wire that was used to connect a switch
to the second full adder’s Carry-lIiombine your full adder with that of a neighboring group to
construct thiscircuit:

0 1 1

Ag A, B
| o
A A B

G GG GO

1 S S
= So @gsl

You MUST get the 2-bit adder construction checked and MARKED by a demonstrator before pro-
ceeding.

Test the two-bit adder, and record the observed results in the next truth table. (Warning: Pay
close attention to the order of the bits.)

B
!
B
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(1[2]1]2]3[2]1]
(AL [Bi[A|Bo[[ColS[ ]
0]0]0]0
0j0|0]1
00|10
00|11
0100
0101
0110
0111
1[0 0]0
1[0 0|1
1[0 1]0
1[0 1|1
1[1]0]0
1101
T[1]1]0
1111

These results MUST be checked and MARKED by a demonstrator, so keep the circuit INTACT
until you have the mark for it.

4 Clean Up

LEAVE all equipment (board, components, and toots) your bench.
Please eturn everycord to the racks, everwireto the recycle bin.
Clean the benchand the car pet, and place youchair under the bench.
Have yourclean-up checked and SIGNED for by a demonstrator.
Hand in your completion sheet.

2007 Sep 14 Fri 12:24 Geoffrey Tobin
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