3                                      Digital Electronics

Binary Coded Decimal (BCD)

BCD is the way to express each of the decimal numbers with binary code.     

1. The 8421 Code:

This code is means that each decimal digit can be represented with code as four binary digits. So to convert from decimal to and from this code we use the following weights:
1. The allowed weights of this code from (0-9) are:
                                       0       1         2        3       4         5          6         7         8         9

         0000  0001  0010  0011  0100   0101   0110   0111   1000   1001

2. The forbidden weights of this code from (10 -15) are:
                                                      10        11          12         13         14       15  
          1010    1011     1100     1101     1110   1111
If any of these forbidden numbers appeared in this code you would know an error occurred.
Example: Encode the (265)10 to the 8421 code.
   0        1        2        3         4         5        6         7         8         9       10        11         12       13   

0000  0001  0010  0011  0100   0101   0110   0111   1000   1001  1010    1011     1100    1101
   14      15
1110   1111                                             2               6                5

0010         0110         0101

Then (265)10= (001001100101)8421
Example: Decode the (10000110000011)8421 to its decimal equivalents.
   0        1        2        3         4         5        6         7         8         9       10        11         12       13   

0000  0001  0010  0011  0100   0101   0110   0111   1000   1001  1010    1011     1100    1101

14      15

1110   1111                                               10 0001 1000 0011
Note that each 4 bits represent one decimal digit (yellow mark), so we need to add 2 bits to have 4bits (red mark).Then we add 2 Zeros to the right side of the number.
0010   0001   1000   0011

                                                                2         1          8        3

Then (10000110000011)8421= (2183)10
The disadvantage of this code is that the rules for binary addition do not apply to the entire 8421 number but only to the individual four bits groups because the forbidden numbers will occurred in the results. The 8421 code is a mixed- base code, it is binary within each group of 4 bits and decimal from group to group.

Example: Encode the following decimal numbers into 8421 code.

a- 45
b- 732
c- 904.651

Example: Decode the following 8421 code to its decimal equivalent.

a-  1000010101100011

b- 0100110101.001000011000

2-The Excess-3 code:

This code is another important BCD, to encode the decimal number into this code add 3 to each digit before converting to 4-bit group.

Example: Convert (12) 10 to an Excess-3 code.
[image: image1.png]W




 We had added 3 to each decimal digit, now convert each digit to its 4-bit equivalent.
   0        1        2        3         4         5        6         7         8         9       10        11         12       13   

0000  0001  0010  0011  0100   0101   0110   0111   1000   1001  1010    1011     1100    1101

   14      15

1110   1111                                                      4             5
0100       0101

Then (12)10= (01000101) Excess-3
This code use only 10 of the 16 possible four-bit groups.
1. The allowed 4-bit groups of this code are:
                           3       4          5          6         7         8           9        10        11          12         
                       0011   0100    0101    0110    0111   1000    1001    1010    1011    1100     
2. The forbidden 4-bit groups of this code are:
                                                 0         1         2       13         14      15  
                                              0000   0001   0010   1101    1110   1111
If any of these forbidden numbers appeared in this code you would know an error occurred.
 H. W. The excess-3 code is a self complementing code? (The answer in your text book)
This code has no weights like 8421 code (each bit has a fixed value)
Example: In 8421 code the number (0101) has weights of 8,4,2,1 reading from left to right:
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In excess-3 code there is no way to assign fixed weight or values to the bit positions.
The excess-3 code = the decimal number + 3
The excess-6 code = the decimal number + 6

We can do the addition in this code as we did in binary numbers without getting forbidden numbers; to do this we must discuss two cases:
Case1: In the decimal numbers whenever we add two digits whose sum is (9) or less ( there is no carry) , so an excess-6 code results, to return to the excess-3 form we must subtract 3.
Example: add 2 to 5 using the excess-3 code.
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Example: add 43 to 36 using the excess-3 code.
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Case2: whenever the sum of decimal digits exceeds 9 there will be a carry from one group into the next. When this happen the group that produced the carry will revert to 8421 form and the other group is in the excess-6 form. 
Example: add 29 to 39 using the excess-3 code.
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To summarize addition with excess-3 code:
1- Add the numbers using rules of binary addition.

2- If any group does not produce a decimal carry, subtract (001) from that group.

3- If any group does produce a decimal carry, add (001) from that group.

· The excess-3 code has the advantage that uses the binary addition, because the excess-3 code is self-complementing. 
