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Introduction

This assignment is to focus on using NAND fogic gates and logic circuits to construct each of the tasks
from the given statements/diagrams and converting them to the simplest and most effective
diagrams/truth table.
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A O A B X
B o |
0 1 1
1 0 1
1 1 0

X = A.B NAND Gate
{b)
A X
A )
C— X 0 1
1 0
X= A NOT Gate
//"M 4; ol srtiad bt cuedt Lot
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A B C Y
0 o 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1

State the logic function for W, X and Y and simplify.
W = A.B (2-input AND Logic Gate)

X = A.B.C (3-input NAND Logic Gate)

Y =A.B.C (3-input AND Logic Gate)
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(d)

A O

%
B O
A B x__|
-0 0 0 _i
0 . 1|
B o | 1 |
T 1 1 /

X= A+B__ OR Gate /

Circuit (b} is a NOT Gate, which inverts the output from Y in the diagram above, which
will then turn the circuit into a NOR Gate.

A B X
— 1
0 1 0
1 0 0

1 1 0 ’/

X = A+E__ NORGate
(e)
A o—uo [ W
¥
B ol 1
AR




The circuit above was constructed.,

A B w Y X

0 0 1 1 0

0 1 0 1 1

1 0 1 0 1

1 1 s 1 0
/

—~

The theoretical value was the same as the measured values when the circuit was tested.
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Part1

Question 1

ECL or Emitter-Coupled Logic, is a logic family that uses high speed logic. There is a very low number
of logic circuits that use ECL as these types of logic circuits as ECL continually draws current and
power from the power supply more than other types of logic circuits.

CMOS or Complimentary MOS, draw a lot less power than ECLs and in doing so, see far more use. It
is not uncommon to see these types of logic circuits in devices that can store information,
sometimes the BIOS of a computer system can be housed inside of a CMOS logic circuit.

TTL or Transistor-Transistor Logic, is made of bipolar junction transistors, and are usually found in
industrial controls and test equipment as thay work better under stress than compared to that of
the ECL or CMOS logic circuits, this is because they are built to withstand temperatures that would
possibly break other types of logic circuits and this means that they last far longer.

Question 2
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Part 2

(a) Binary Coded Decimal (BCD) is a 4-bit binary code with the range of numbers 1010 to 1111
e?hese invalid codes. Construct the circuit and verify

not used. Design a circuit that will det
that it performs the required task.

AB
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For Part 2{a), the above circuit was constructed and the Karnaugh map was designed to simplify the
equation. The equation was then input into Multisim to provide a simplified circuit. The simulated
circuit agrees with design requirments.
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(b} Design a 2-bit comparator whereby the output is HIGH when the one of the two-bit number
is equal to or greater than a second two-bit number.

Bit 1 Bit 2 IS
A B C D —
0 0 0 0 1
0 0 0 1 0
0 0 1 0 0
0 0 1 1 0
0 1 0 0 1
0 1 0 1 1
0 1 1 0 0
0 1 1 1 0
1 0 0 0 1
1 0 0 1 1
1 0 1 0 1
1 0 1 1 0
i 1 0 0 1
1 1 0 1 1
1 1 1 Y 1
1 1 1 1 1

DeMaorgans

X=CD+A4D+AC+AB+B.C
X

X=CD+AD+AC+AB+B.C

AB

/

¥ =(C.D).(AD).(4.0).(A.B).(B.0) /
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For Task 2(b), the circuit was constructed with aid of a table to show how the resuits would look, and

then using the equations gathered from the table to create a Karnaugh map, then using the
simplified equation to construct the circuit. The circuit was simulated and the comparator worked

correctly.
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Part 3

{a}) The circuit below was constructed.

Inare

D

FN =
<)

—Cppa

&l

(b) The results for the following table were recorded and the logic 1 in the Q and Q, means that
the corresponding part of the J-K flip-flop was on.

Inputs Outputs
Preset (S) | Clear (R) Clock J K Q Q
0 1 X X X 1 0
1 0 X X X 0 1
0 0 X X X 1 0
1 i J 1 L L 1 0
1 1 J 1 H L 1 0
1 1 J 1 L H 0 1
1 1 1 H H 1 0
{c)

i) The significant details about the output state “Preset = Clear = Logic '0" is that,
when logic equals Q, it signifies that Q is on and not Q is off, this is usually done as a
test to see if the JK is faulty.

i) The JK flip-flops used in this assignment are negative edged, meaning that each clock
triggers on the logic 0 of the clock.

iii) On the negative edge of the clock.

iv) The SN7476 has a trigger action on a negative edge.

v) To stop the clock pulse from bouncing a debounce switch would be in place to stop
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the clock pulse from closing. As stated in The Art of Electronics, Horowitz & Hill,
Second edition, pg 506 : "When the switch is closed, the two contacts actually
separate and reconnect, typically 10 to 100 times over a period of about 1ms.”
In the example written from “The art of Electronics”, a debouncing switch would
prolong the length of time for the switch to close/open.




(d)

i} The clock circuit was replaced with a TTL signal generator.
ii) The generator was set to 1kHz and the preset was set so that there was a logic = 1.
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The above results were recorded and displayed on an oscnloscope The waveform
above shows that the Q output turns on and off in correspondence to the clock
pulse.

{e) Asynchronous Counters
i} The circuit below was constructed to and they were both set to logic 1.

R | 1
ClockO—> > [];m
1 R Q”"’""‘ [ R
i) The Q outputs were connected to LEDs to show that the JK flip flops were both at
logic 1.
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iii) The following table of results were tested and recorded after ctearing the counter.

Table 3(a) Table 3(b)
Pulse QA QB QA QB
Clear 0 0 0 0
1 1 1 1 0
2 0 1 0 1
3 1 0 1 1
4 0 0 0 0
5 1 1 1 0
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The clock pulse diagram above shows that QB turns on and off when the clock pulse
and QA turn on. This shows that the circuit is counting down from 11,

16| Page



1
e et

1 ik
i |
#  Tew Choemel R oo § Loxemd € (Rl 0 S e |
SaEgTes SERd S5au ¢ T3¢ N i
:}i lsres BN oMWY s b stath i1

4 BT 235 [XEEs 555 LN

: e - Saper - =

et e S - R I S B
s e f = L L==AF E-g; ﬁ“-i

- 3 it =

forr i s | AR L L~ 511 T3 T e

From the above waveform and the waveform in part 3 (e) {iv), it can be seen that QB switches off
and on in accordance with the clock pulse. The biggest difference within the two waveforms is the
starting position. This waveform is counting up, whereas the one in part 3 {e) {iv) is counting down.

f)

AO Do_
SO :D }_

BO

| p-ov

The above circuit was constructed.

i}

S=1 S=0
A B Y A B Y
0 0 0 0 0 0
0 1 0 0 1 1
1 0 1 1 0 0
1 1 1 1 1 1

The circuit was built and counts up and down when S is equal to 1 or 0.
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Part 4

Design and simulate a 3-stage synchronous binary counter that will produce the odd numbers

(including zero) in the range 0 to 7.

Present
Q Next Q J K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0
Present Next Input
Qa Qb | Qc Qa Qb Qc Ja Ka Jb Kb Je Kc
0 0 0 0 0 1 0 X 0 X 1 X
0 0 1 0 1 1 0 X 1 X X 0
0 1 1 1 0 1 i X X 1 X 0
1 0 1 1 1 1 X 0 1 X X 0
1 1 1 0 0 0 X 1 X 1 X 1
Ja Qb/Qc
00 01 11 10
Qa 0 0 0 1 ¥
1 X X X X
Ja=Qb /
Ka Qb/Qc
00 01 11 10
Qa 0 X X ¥ 1 X
1 X 0 1 X
Ka=Qb
lb Qb/Qc
00 01 11 10
Qa 0 0 i1 ] X
1 X b Al X X
Jb=Qc
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Kb Qb/Qc
Q0 01 11 10
Qa 0 X X ! i X
i | X X _-—:__1 X e
Kb=1
Jc Qb/Qc
00 01 11 10
Qa D i X X X
i X X IX X |
Je=1
Kc Gb/Qc
00 01 11 10
Qa 0 X 0 0 X
1 X 0 1 X
Kc=Qa.Qb T

i
| JK_FE_REGSR

The circuit was constructed on Multisim and the circuit functions correctly according to the truth
table,

Conclusion

In conclusion, the circuits in this assignment were designed and simulated from their most
complicated structures, to the simplest structure of each section.
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