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Introduction

Seven segment displays are common in electronics. They consist of an arrangement of LEDS as shown below:

Simplifying Equations Circuit Drawing and Simulation

Here is the section of the truth table for output by. The circuit looks like this, with the terms in by highlighted:
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The segments are identified as a,b,c,d,e,f,g. 0ol 1111111 s
The table below shows how numbers are typically displayed and how many segments are lit in each case: 1 8 8 ? (1) T
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= A Karnaugh map was used to determine simplified sum-of-products logic equations for each output. : : : .
4 H bty 4 The simulation output looks like this:
O Y This produces the following Karnaugh map for bit bo: .
5 |:' a,c,d.f,g 5 a0 [ A pEea
i \ \ [
6 3 a,c,d,efg 6 bo 00[01[11]10
7 X ab,c 3 8(138?1; 62 5 456376 0
i
8 ﬁ a,b,c,d,e,f,g 7 a2 111610 o0lo
9 i a,b,c,d,f,g 6 10)1]0]0]0 . . o . .
_ B This verifies that circuit correctly implements the equations.
The Number of Segments Circuit indicates how many segments will be lit in a 7-segment display for a number from 0 to 9. Groups of 1's can be identified.
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For this particular problem, the truth table looks like this: 392 141
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0 0000 6 110 This will produce an equation for by. g
1 0001 2 010 bp=as a» a; +as a» ap + asa, a; a
g 881? g 181 A similar process provides the equations for the other outputs. The equations for the other outputs are:
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2 81 ?(1) g 1?(1) bi =8 8 + 8 2 & This section will vary a lot by project; you want to make it easy for people to test the circuit to see that it performs as
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12 1100 error 000 eStlng quatlons
13 1101 error 000
14 1110 error 000 Maxima was used to test the equations.
15 1111 error 000 Since by is the least significant bit, it will be high whenever an odd number of segments are lit. ;
In order to determine the logic equations for the Number of Segments Circuit, the only quantities to consider are the binary _
inputs and outputs. The fact that the bits are grouped together to represent numbers is irrelevant. (%01) {(not a3) and (not Zﬁfﬁﬂdaii;”%‘T‘?ﬁo?a??"gﬁi :%d?ﬁg}agi “"'3:':" ““:2 = nok et and ot 20y
The truth table containing only binary quantities is shown below: (1i2) b0,a3eTatse, apsfolse, alefaise, sieratse;
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11110l1l0lolo An odd number of segments are used for the numbers 2,3, 5, 7, and 8. These were the only cases where by was true.
1111110lo0lolo This verifies that the equation is correct.
1111111 lololo The same process was used to verify that the other equations were also correct.
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