EE200 DIGITAL LOGIC CIRCUIT DESIGN

The material covered in this class will be as follows:

. Binary codes, BCD code, BCD addition
. Other decimal codes

. Gray code

. Error-detecting code (parity bit)

. Alpha-numeric codes, ASCII code

Binary codes:

. Digital systems and circuits work with signals that have
only one of two states corresponding to digital 1 and 0.

. Any discrete element of information among a group of
guantities (elements) can be represented by a binary code.

. One bit can represent up to two elements (1 or 0).

. A group of 2" distinct elements requires a minimum of n
bits.

. .. to code a group of m elements, we need to use n bits
such that: 2">m.

. Examples:

o A group of four elements can be represented by two
bit code [00, 01, 10, and 11].

o0 A binary code to represent the decimal digits [0-9],
must contain at least four bits because

(2'=16) >102> (2°=8).
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Decimal Codes:

0 0000 0011 0000 0000
1 0001 0100 0111 0001
2 0010 0101 0110 0010
3 0011 0110 0101 0011
4 0100 0111 0100 0100
5 0101 1000 1011 1011
6 0110 1001 1010 1100
7 0111 1010 1001 1101
8 1000 1011 1000 1110
9 1001 1100 1111 1111

BCD Addition:

The addition of two BCD digits with a possible carry from the
previous less significant pair of digits results in a sum in the
range 0 to a maximum of (9+9+1=19). There is a difference in the
representation of the sum in binary and in BCD code.

1. 1f0<Sum<9 then, sumin BCD = sum in binary,

2.1f 10<Sum<19  then, sum in BCD consists of 8 bits which
IS not equal to the sum in binary. The correction needed in the
sum to represent it in BCD is the addition of 6 to the binary
sum.

4 0100 4 0100 8 1000
+5 0101 +8 1000 +9 1001
9 1001 12 1100 +17 10001
+0110 +0110

10010 10111
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Signed BCD Addition

Signed decimal numbers in BCD are represented, in a similar way, to the
signed numbers in binary. The plus sign is represented by four zeros and
the minus by 1001. An example of signed BCD addition follows:

Add the signed decimal numbers (+375) + (-240) using BCD representation.
Solution:

+375 -> 0000 0011 0111 0101  Add 0000 0011 0111 0101
+240 -> 0000 0010 0100 0000
-240 -> 1001 0111 0110 0000  + 1001 0111 0110 0000

1001 1010 1101 0101
Correct the BCD digits by adding 0110 - 0110 0110

1010 0001 0011 0101
Repeat correction > 0110

1 0000 0001 0011 0101

The end carry is discarded and the result is the BCD equivalent of +135

Error Detection Code:

A common method to achieve error detection in binary information
transmission from one location to another is by means of a parity bit. A
parity bit is defined as an extra bit included with a message to make the
total number of 1's transmitted either odd or even.

Odd Parity Even Parity
message P message P
0000 1 0000 0
0001 0 0001 1
0010 0 0010 1
0011 1 0011 0
0100 0 0100 1
0101 1 0101 0
0110 1 0110 0
0111 0 0111 1
1000 0 1000 1
1001 1 1001 0
1010 1 1010 0
1011 0 1011 1
1100 1 1100 0
1101 0 1101 1
1110 0 1110 1
1111 1 1111 0
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Gray Code:

Decimal equivalent Binary Gray code
0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
9 1001 1101
10 1010 1111
11 1011 1110
12 1100 1010
13 1101 1011
14 1110 1001
15 1111 1000

ASCII Code [American Standard Code for Information Interchange]:

. Used for handling numbers, letters, characters...etc.
. This type of code is called alpha-numeric code.

. To handle 10 decimal digits, 26 small letters, 26 capital
letters, and at least 20 other characters, the code must cater

for at least 82 elements. (128=2") > 82 > (64=2°).
. Therefore we need seven hits for the code.
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The ASCII code is given in the following table.

bzbsbs

babsboby 000 | 001 | 010 | o011 | 100 | 101 | 110 | 111
0000 | NuL| DLE| sP 0 @ P

0001 | son| pc1 ! 1 A 0 a

0010 | stx| DC2 . 2 B R b

0011 | e1x| pc3| # 3 c s c s
0100 | EoT| DCa| s 4 D T d t
0101 | Eng| NAK| % 5 E U e u
0110 | Ack| syN| & 6 F Vv f v
0111 | gEL| ETB : 7 G W g w
o BS | CAN ( 8 H X h X
1001 | 1| Em ) 9 | Y i y
1010 |\ p| suB| = J z i 2
1011 1 1| ESsc " : K [ K {
1100 FE| Fs , < L \ l |
1101 | cr| s i = M 1 m !
110 | so| Rs . > N A n ~
1111 sl | us / 0 ! o | DEL
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