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INTRODUCTION
Switches have always been a popular way of getting information into a microcontroller. Two-bit quadrature output devices, also known as two-bit gray code output, use two
switches that are mechanically coupled together thru a
shaft so that as the shaft is rotated the switches generate
two square waves that are 90 degrees out of phase with
each other. This is also known as being in quadrature, see
Figure 1 . The reason for doing this is that within the two
signals there is the information to detect the direction of
rotation, i.e., clockwise (CW) or counterclockwise (CCW).
This type of device allows an input variable to be increased
or decreased by CW or CCW rotation of the shaft. Additionally, these devices allow continuous rotation in either direction, which lets the span and resolution of the input variable
to be a function of the software.

OPERATION
Figure 2 shows a hardware connection of a quadrature output device to the COP400 microcontroller. Although in this
example the G0 and G1 I/O pins are used, any pin that can
be used as an input could be used with the appropriate
changes in the software.
In this example the output of device QD1 is processed to
detect a state change in the quadrature signal and which
direction the change was in. A 3-digit BCD variable, which is
stored in RAM, is then incremented or decremented. The
variable is defined to have a range of 200 to 350 units. The
routine allows the variable to saturate at it’s upper and lower
limits when reached.
Figure 3 displays the two waveforms that are generated by
QD1 as it’s shaft is rotated from an arbitrary starting position. Each edge represents a change of state. By keeping
track of the state that was moved from and the state that
currently exists, it can be determined which direction the
rotation was in.
Referring to Figure 3 , there are 4 possible states for a starting position, (00, 01, 11, 10), and they will be referred to as
the previous state. There are also 4 possible states to move
to, (00, 01, 11, 10), and they will be referred to as the current state. Figure 4 lists the 8 possible combinations of bits
that can be formed by starting from each previous state and
rotating CW or CCW to the current state. If the two bits of
the previous state and current state are concatenated into
one 4-bit value, each value will be unique. The routine
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FIGURE 3. Quadrature Signal Output (Gray Code)
used in this example assigns the two bits of the current
state to the low 2 bits of a 4-bit value, and the 2 bits of the
previous state to the high 2 bits of a 4-bit value. This 4-bit
value (see the column under the PS/CS heading in Figure
4 ) is then used as a pointer into a jump table which branches to the add or subtract part of the routine. This method
takes advantage of the ‘‘jump indirect’’ instruction which implements a multiway branch based on the value of a pointer.
The routine to input data from the quadrature device reads
the value of G0 and G1 and compares it to the value stored
from the previous read operation. If the two values are equal
there is no input to process. If the two values are not equal
there is an input and the data is processed to determine if
one is to be added to or subtracted from the variable.
The flow chart details the operation of the subroutine
‘‘QUAD’’.
In Figure 4 , only 8 of the possible 16 combinations are used.
To account for potential spurious operation if one of the 8
undefined combinations occur, they are ignored by this routine by branching to a return instruction which bypasses any
additional processing.
The source listing for this example subroutine, which is
named ‘‘QUAD’’, is provided. An initialization routine that is
required to set up the starting parameters is also included.

CONCLUSION
This application note demonstrates the relative ease of interfacing a quadrature device to a COP400 microcontroller.
The combination of a low cost microcontroller and input device can provide the basis for a cost effective instrument or
appliance design.
PS/CS

Hex
Value

Operation

CW
CCW

00 10
00 01

2
1

Add 1
Subtract 1

CW
CCW

01 00
01 11

4
7

Add 1
Subtract 1

CW
CCW

11 01
11 10

D
E

Add 1
Subtract 1

CW
CCW

10 11
10 00

B
8

Add 1
Subtract 1

Direction

PS e Previous State
CS e Current State
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