Appendix

Summary

This report is a step by step guide of the procedure we followed in order to design the Combinational Logic part of a simple Incrementing Binary and Gray code converter. 

These steps are:

1. The Designing of the truth tables.

2. How the equations for each digit were derived from the truth tables.
3. The use of Karnaugh maps to simplify these equations.
4. The implementation of a circuit using the simplified equations.
1. Introduction

Proceeding the Second semester’s assignment, a formal report to give full explanation of the combinational logic part of our circuit needs to be structured. 

During the past eight weeks our purpose was to design an incrementing binary to gray code circuit.

By reading this report, you should have a full understanding of how the combinational logic part of our circuit was derived. 

2. Understanding Our Project


First of all, we needed to understand what our circuit was about by reading the Design aim and the Specifications of our circuit in the Project Specifications handout, which we were given and is as shown in Appendix page 3.

3. The Process


What we learned from that, was the need of a four bit Truth Table which will show the binary numbers from 0 to 15 and its Gray code equivalent [Appendix Page 3]. At this point we should mention that a Gray code is an ordering of 2n binary numbers such that only one bit changes from one entry to the next. 


Next we examined each digit of the Gray code finding out for which combinations of Binary code is true. This was done in order to derive a Boolean equation for each one of the digits. 

· Examining digit ‘a’, we saw that it is true for the following combinations: 
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The Karnaugh map of this equation is the one shown in Figure 2 [Appendix page 3].

· Examining digit ‘b’, we saw that it is true for the following combinations: 
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The Karnaugh map of this equation is the one shown in Figure 3 [Appendix page 4].

· Examining digit ‘c’, we saw that it is true for the following combinations: 
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The Kaurnaugh map of this equation is the one shown in Figure 4 [Appendix page 4].

· Comparing digit ‘d’ with ‘D’ we can easily notice that they are the same. So there is no need of any gates and we can connect them directly to each other.

The equations derived from the Karnaugh maps for the digits ‘a’, ‘b’ and ‘c’ are the equations shown below: 
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Which is equal to:

a = A ( B

b = B ( C

c = C ( D

So our combinational logic circuit will contain three EX-OR gates connected as shown in Figure5 [Appendix page 4].

Unfortunately we encountered a problem with our circuit. In particular, there was a transient reading in the output signal of the EX-OR gates as shown in Figure 6 [Appendix page 5] which we overcame by latching it [Appendix Page 5, Figure 7]. As a result of that, we had to completely remove the EX-OR gates from our circuit and design it from the beginning with flip-flops. However that does not mean that all of the above were not necessary. 

Another part of our circuit that uses combinational logic, is the circuit that we used to stop the counter when it completes the cycle at 010. For more details see Appendix, page 6 (paragraph 5.10).  

4. Conclusions

The designing of a circuit with logic gates can be very complicated. However following the correct steps helps you overcome the problems you might face during the procedure. We don’t know if the process described in this report is 100% correct and liable, but it really worked for us. We hope that it was clear, sufficient and easy for you to read and understand it.
5. Appendix
5. 1 Design Aim

To show a four-bit binary number and its Gray code equivalent.

5. 2 Specifications

There should be two displays, each of four LED’s. One shows a binary number in the range of 0 to 1510, the other shows its Gray code equivalent. You will need to know what a Gray code is before you do this one! There should be a push-button. When the switch is pressed the LED’s should cycle through the codes automatically and then stop when they reach zero.

[Project Specifications Hand-out]

5. 3 The Truth Table of the Binary code and its Gray code equivalent.
Decimal
Binary Code

Gray Code Equivalent
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0
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0
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0
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0
0

0
1
1
0

5
0
1
0
1

0
1
1
1

6
0
1
1
0

0
1
0
1

7
0
1
1
1

0
1
0
0

8
1
0
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0
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0
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Figure 1

5.4 The Kaurnaugh map for digit ‘a’

CD \ BA
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5.5 The Kaurnaugh map for digit ‘b’
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0
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0
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Figure 3

5.6 The Kaurnaugh map for digit ‘c’
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0
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Figure 4

5.7 The EX-OR gates connected to the binary counter
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Figure 5

5.8 Graph showing the transient reading of the EX-OR Gates
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Figure 6

Figure 6

[image: image3.png]RS
[ovi to0omm |
=, s uza usa usn
- a 1 a 1 a 1 a
— 19 g e—— s o) s o)
9 2 2 2
st ! 56 =)
4 2 4 2 EE 2 4 2
Lt~ L K ol T
@ @ @ @
t—cpcie e e e
ot oo oo 1502 S
o s e red L0 red S LEDred
*X *X “
—
"
w10
2100
2100
uea
Leos
1 s . s Leos 2 ®
s o) s o) \;A \;A
2 Lo red A
4 N Fleos A 5Feor -
2 2
K 10— W K 10 K ~1u—i\&
@ T i
Eopein teoreslZgpcin rete Leored
“aLsiom s |22 s 21
19 27000 R2 27000 R4 27000
i

1
77



5.9 The Latched Circuit
Figure 7

5.10 The Circuit which was used to stop the counter at 010
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Figure 8
By using a T-type flip-flop properly triggered with an inverter and an OR gate as shown in the Figure above we made the counter stop when it reaches 010.

These gates, which simply decide when to trigger the negative edge triggered flip-flop, were derived from the following truth table:

A
B
Output that triggers the clock

0
0
1

0
1
X 

1
0
0

1
1
1

The Karnaugh map for the above truth table is the one below,

A \ B
0
1

0
1
X

1
0
1

Which simplified gives:
A
+
B
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