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This application note describes a method to convert 8-bit, 16-bit, and 24-bit binary numbers to BCD (binary coded decimal). By
following the algorithm presented in this application note any binary word length can be converted to BCD.

Introduction

Many applications interface with BCD numbers. These
include applications that interface with real time clocks,
display data on an LCD, and so on. The initial data for
these applications is usually in binary format. This format
can be uninformative to users; therefore, the need for
BCD. However, conversion between binary and BCD can
be cumbersome and unintuitive. This application note
explains an algorithm to convert binary to BCD.

A processor that has a shift instruction best accomplishes
this algorithm. Without a shift instruction, the conversion is
code inefficient and speed inefficient. The PSoC® has
several shift instructions, which allow easy implementation
of the binary to BCD algorithm.

The algorithm discussed in this document uses only bit
shifting and comparisons to convert binary to BCD. The
algorithm can be applied to any word length.

The Data Structure

Before looking at the algorithm, it is necessary to
understand the data structures used in this algorithm. The
input is straightforward binary. The output is in packed
BCD. The first nibble holds the ones, second nibble holds
tens, third nibble the hundreds, and so on.

The first step is to decide the number of output bytes. For
a 16-bit binary input, the maximum output is 65535. So the
output has 3 bytes, 06 55 35. For a 24-bit binary input, the
maximum output is 16777215. So the output has 4 bytes,
16 77 72 15.
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The Algorithm

®  Rotate the MSB (Most Significant Byte) of the input to
the LSB (Least Significant Byte) of the output.

® If any BCD digit is 5 or more, then add 3 to that digit.
A BCD digit corresponds to a nibble of the output
byte. This step may occur more than once for 1 hex
digit

®  Repeat the above steps ‘n’ number of times where ‘n’
is the input word length.

In our program we have used a small variation. We first
add 3 to the BCD digits. Then we check if the result is
=>8. If yes, we leave the result as is. If no, we restore the
previous value. This method is easier to implement.

Program for 8-Bit Conversion

The following program implements the above algorithm to
perform an 8-bit binary to BCD conversion:

bin2bcd8:
mov [bitCount], 8
mov [tBcdl],00h
mov [tBcd0],00h

bBCD8 1:
rlc [binary0]
rlc [tBcdO]
rlc [tBcdl]
dec [bitCount]
jnz bBCD8 2
ret

bBCD8_ 2:

mov [byteCount], 2
call checkDigits
jmp bBCD8 1
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checkDigits:
mov A, tBcd0-1
add A, [byteCount]
mov X,A
mov A, [X+0]
mov [temp],A
add [X+0],03h
tst [X+0],8h

jnz chkDigit2
mov A, [temp]
mov [X+0],A

chkDigit2:
mov A, [X+0]
mov [temp],A
add [X+0],30h
tst [X+0],80h

jnz retCheckDigits
mov A, [temp]
mov [X+0],A

retCheckDigits:
dec [byteCount]
jnz checkDigits
ret

Program Analysis
In line numbers 1, 2, and 3, the parameters are initialized.

Result is made 0, and the bit-loop counter is set to 8, as
an 8-bit conversion must be performed.

In line numbers 4, 5, and 6 the input and the output are
rotated one bit to the left. This means, the MSb (Most
Significant bit) of the binary is shifted to the LSb (Least
Significant bit) of the output.

In line 7 and 8 the loop counter is decrement and then
checked to see if it is zero. If not zero, the control
branches to bBCD8 2. If zero, the program returns with
the result in tBCD1 and tBCDO.

bBCD_2

This section loads the byte loop counter with the number
of output bytes and calls another subroutine,
‘checkDigits’. It then branches back to bBCD8 1.

checkDigits
This subroutine checks each nibble of the output.

1. Inlines 1, 2, and 3 the address of respective byte
indicated by byteCount is calculated and moved to
X.

2. A copy of the byte is made in temp.
3. Then ‘3’ is added to the lower nibble.

4. The result is tested for >=8.
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5. If yes, then the program branches to check the higher
nibble.

6. If no, the byte is restored from temp.

7. This procedure is repeated with the higher nibble in
chkDigit2, by adding 30h and checking for =>80h.

8. The byteCount is decremented to check if all bytes
of the result are processed. If not, the whole
procedure from steps 1 to 7 is repeated.

Performing 16-Bit Conversion

The following modifications to the program are necessary
for a 16-bit conversion:

1. When initializing, tBCD2, tBCD1, and tBCDO are
made 00.

2. The bit counter is initialized to 16.

3. RLC is carried out through [tBCD2]
[tBCDO] [binaryl] [binaryO0].

[tBCD1]

4. In bBCD8 2, [byteCount] is loaded with 3, the
number of output bytes. Then the subroutine
checkDigits is called.

Following this example, code can be written for 24-bit, 32-
bit, 40-bit, and so on.

Comments

When the above algorithm is used for 8-bit conversion, the
code size and execution time are not efficient. The 8-bit
program is given to explain the conversion principle. For
more efficient 8-bit conversion, use the following method:

1. Divide the binary input by 100.

2. Store the result in [hundreds].

3. Divide the remainder of step 1 by 10.
4. Store the result in [tens].

5. Store the remainder in [ones].

This method gives a split BCD output.

For 8-bit division, refer to the application note AN2101,
Unsigned Division Routines.

When div8g of AN2101 is used for the above method, the
code size is 65 bytes (including the div8 subroutine) and
execution time is 1406 CPU cycles maximum.

Following this example, 16-bit binary can also be
converted by successively dividing by 10000, 1000, 100,
and 10. But the execution time may be higher than that of
bin2bcdlé.
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Table 1. Input and Output Details for Subroutines

Name Input Output
bin2bcd8 [binaryQ] [tBCD1] [tBCDO]
bin2bcd16 [binary1] [binary0] [tBCD2] [tBCD1] [tBCDO]
bin2bcd24 [binary2] [binary1] [binary0] [tBCD3] [tBCD2] [tBCD1] [tBCDO]

Table 2. Code Si

ze and Execution Time Details

Execution Time

Name Description Code Size = :

Minimum Maximum
bin2bcd8 8-Bit Binary to BCD Conversion 70 bytes 2045 CPU Cycles 2429 CPU Cycles
bin2bcd16 16-Bit Binary to BCD Conversion 77 bytes 5819 CPU Cycles 6971 CPU Cycles
bin2bcd24 24-Bit Binary to BCD Conversion 84 bytes 11353 CPU Cycles 13657 CPU Cycles
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