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1. Title of Invention

Optical Encoder with Code Wheel Misalignment Correction and
Automatic Gain Control

2. Detailed Explanation of the Invention

Related Application
This application incorporates by reference, in its entirety, U.S. Patent
Application Serial No. filed April 30, 2008 entitied “Optical Encoder with
Amplitude Correction” to Toh et al.

Field of the Invention
Various embodiments of the invention described herein relate to the field of

optical encoders, and components, devices, systems and methods associated
therewith.
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Background

Most motion detection or position optical encoders of the prior art comprise
four photodiode channels, typically labelied namely A, A/, B and B/, respectively.
Such optical encoders work by generating photocurrent using these channels, and
are usually spatially arranged in the encoder such that they are S0 degrees out of
phase apart with respect to one another. It is imperative that the code wheel of the
encoder and the photodiodes be aligned properly and accurately in respect of one
another. Otherwise, inaccuracies and errors result in the photocurrents produced
by such channels, which lead to inaccurate position or motion information being
generated by the encoder. Currently, no method or device exists to detect code
wheel misalignment using photodiodes incorporated intc an encoder integrated
circuit (or “IC").

in addition, most motion detection or position optical encoders of the prior
art are designed and fabricated using well known bipolar processes, which enable
photocurrent contrast to be abtained using the log-antilog architecture inherent in
most BJT devices. However, with the advent of CMOS processes, encoder
designs are being adapted to MOS devices for better scalability, lower cost and
lower power. CMOS processes, however, are typically not amenable to the log-
antilog architecture often employed in bipolar devices. As a result, more
straightforward and conventional transimpedance amplification circuitry must be
employed in CMOS processes. But to amplify photocurrents to reasonable voltage
output levels, a resistor of the correct value must be used, which is a difficult
proposition to implement in CMOS devices employing conventional
transimpedance amplification circuits.

What is needed is a device and method for detecting code wheel
misalignment using photodiodes incorporated, for example, into an encoder IC.
What is also needed is a device and method for setting the gain of a
transimpedance amplifier automatically, which depends on the input light power
and the photocurrent generated.
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Summary

In some embodiments, there is provided an optical encoder comprising a
light emitter configured to emit a collimated beam of light, a code wheel having a
plurality of apertures disposed therethrough and configured to rotate substantially
in a plane and in a first direction, a light detector comprising at least first and
second photodetectors positioned along the first direction on a first vertical portion
thereof and at least upper and lower code wheel misalignment photodetectors
positioned on second and third vertical portions thereof disposed, respectively,
above and below the first and second photodetectors, and a code wheel
misalignment circuit, where the light detector faces the light emitter, the code
wheel is disposed and configured to rotate between the light emitter and the light
detector such that the collimated light beam is directed substantially in the plane
through the apertures onto the first, second and third vertical portions as the wheel
rotates, the first and second photodetectors are configured to generate, in
response to first portions of the collimated beam being incident thereon, first and
second output signals, and the upper and lower code wheel misalignment
photodetectors are configured to generate, in response to second and third
portions of the collimated beam being incident thereon, third and fourth output
signals provided to the code whee! misalignment circuit, the circuit being
configured to detect a difference between the amplitudes of the third and fourth
output signals, the circuit generating an error signal indicative of a code wheel
misalignment when the difference exceeds a predetermined threshold.

in another embodiment, there is provided a method of generating an emor
signal indicative of code wheel misalignment in an optical encoder comprising
providing a light emitter configured to emit a collimated beam of light, providing a
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code wheel having a plurality of apertures disposed therethrough and configured
to rotate substantially in a plane and in a first direction, providiﬁg a light detector
comprising at least first and second photodetectors positioned along the first
direction on a first vertical portion thereof and at least upper and lower code wheel
misalignment photodetectors positioned on second and third vertical portions
thereof disposed, respectively, above and below the first and second
photodetectors, and providing a code wheel misalignment circuit, rotating the code
wheel between the light emitter and the light detector such that the collimated light
beam is directed substantially in the plane through the apertures onto the first,
second and third vertical portions, generating with the first and second
photodetectors, respectively, first and second output signals in response to first
portions of the collimated beam being incident thereon, generating with the upper
and lower code wheel misalignment photodetectors, respectively, third and fourth
output signals in response to second and third portions of the collimated beam
being incident thereon, and detecting a difference in amplitudes of the third and
fourth output signals that exceeds a predetermined threshold and is indicative of a
misalignment of the code wheel.

In a further embodiment, there is provided an optical encoder comprising a
light emitter configured to emit a collimated beam of light, a code wheel having a
plurality of apertures disposed therethrough and configured to rotate substantially
in a plane and in a first direction, a light detector comprising at least first and
second photodetectors positioned along the first direction on a first vertical portion
thereof and at least a first automatic gain control photodetector positioned on a
second vertical portion thereof, the second vertical portion being vertically offset
from the first vertical portion, and an automatic gain control circuit comprising a
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comparator and a decoder, where the light detector faces the light emitter, the
code wheel is disposed and configured to rotate between the light-emitting
element and the light detector such that the collimated light beam is directed
substantially in the plane through the apertures onto the first and second vertical
portions as the wheel rotates, the first and second photodetectors are configured
to generate, in response to first portions of the collimated beam being incident
thereon, first and second output signals, and the first automatic gain control
photodetector is configured to generate, in response. to the second portion of the
collimated beam being incident thereon, a third output signal provided to the
circuit, the circuit being configured to receive the third output signal and compare
same to a reference voltage using the comparator, an output of the comparator
being provided to a decoder which sets the gain of the automatic gain circuit
according to the comparator output.

In yet a further embodiment, there is provided a method of providing
automatic gain control in an optical encoder comprising providing a light emitter
configured to emit a collimated beam of light, providing a code wheel having a
plurality of apertures disposed therethrough and configured to rotate substantially
in a plane and in a first direction, providing a light detector comprising at least first
and second photodetectors positioned along the first direction on a first vertical
portion thereof and at least a first automatic gain control photodetector positioned
on a second vertical portion thereof, the second vertical portion being vertically
offset from the first vertical portion, and providing an automatic gain control circuit
comprising a comparator and a decoder, rotating the code wheel between the
light-emitting element and the light detector such that the colliméted light beam is
directed substantially in the plane through the apertures onto the first and second

vertical portions, generating with the first and second photodetectors, in response
to first portions of the collimated beam being incident thereon, first and second
output signals, generating with the first automatic gain control photodetector, in
response to the second portion of the collimated beam being incident thereon, a
third output signal and providing same to the circuit, comparing the third output
signal and a reference voltage in the comparator and generating an output from
the comparator on the basis of such comparison, and providing the comparator
output to a decoder and setting the gain of the automatic gain circuit according to
the comparator output.

Further embodiments are disclosed herein or will become apparent to those
skilled in the art after having read and understood the specification and drawings
hereof.
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Brief Description of the Drawings

Different aspects of the various embodiments of the invention will become
apparent from the following specification, drawings and claims in which:

Fig. 1 shows one embodiment of a light detector 40 of the invention having
code wheel misalignment detection capabilities;

Fig. 2 shows one embodiment of a circuit 120 of the invention
corresponding to the light detector 40 of Fig. 1;

Fig. 3 shows one embodiment of a light detector 40 of the invention having
a single automatic gain control photodetector 90a;

Fig. 4 shows one embodiment of a light detector 40 of the invention having
dual automatic gain control photodetectors 30a and 90b;

Fig. 5 shows one embodiment of a light detector 40 of the invention having
triple automatic gain control photodetectors 90a, 90b and 90c,and

Fig. 6 shows a block diagram according to one embodiment of circuit 130 of
the invention.

The drawings are not necessarily to scale. Like numbers refer to iike parts
or steps throughout the drawings, unless otherwise noted.
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Detailed Descriptions of Some Preferred Embodiments

According to various embodiments, there are provided a device and method
for correcting code wheel misalignment which employs upper and lower code
wheel misalignment photodetectors positioned above and below at least first and
second motion detection photodetectors. According to other embodiments, there
are provided a device and method for automatically setting the gain of an output
circuit in an optical encoder. Still further embodiments combine the code wheel
misalignment and automatic gain control features of the invention in an optical
encoder.

According to one embodiment shown in Fig. 1, there is provided an optical
encoder comprising a light emitter configured to emit a collimated beam of light
(not shown in Fig. 1), a code whee! having a plurality of apertures disposed
therethrough and configured to rotate substantially in a plane (also not shown in
Fig. 1) and in a first direction 110, and a light detector 40 comprising at least first
and second photodetectors 41a (A) and 43a (B) positioned along first direction 110
on a first vertical portion 70 thereof. At least upper and lower code wheel
misalignment photodetectors 80a and 90b are positioned on second and third
vertical portions 80 and 85 disposed, respectively, above and below first and
second motion detection photodetectors 41a and 43a. The light detector 40 faces
the light emitter, and the code wheel is disposed and configured to rotate between
the light emitter and the light detector such that the collimated light beam is
directed substantially in the plane through the apertures onto the first, second and
third vertical portions 70, 80 and 85, respectively. As the code wheel rotates, first
and second photodetectors 41a and 43a are configured to generate, in response
to first portion 50a of the collimated beam being incident thereon, first and second
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output signals. Upper and lower code wheel misalignment photodetectors 90a
and 90b are configured to generate, in response to second and third portions of
the collimated beam being incident thereon, third and fourth output signals, which
are provided to a code wheel misalignment circuit (not shown in Fig. 1). The
circuit is configured to detect a difference between the amplitudes of the third and
fourth output signals, and generate an error signal indicative of code wheel
misalignment when the difference exceeds a predetermined threshold.

Continuing to refer to Fig. 1, note that additional motion detection
photodetectors such as photodetectors 41b (A/), 43b (B/), 42a (A), 44a (B) and
42b (A/) may also be included in optical encoder 10 and photodetector 40 thereof.

In a preferred embodiment of the invention, the surface areas of upper and
lower code wheel misalignment photodetectors 30a and 90b are equal or
substantially equal. If the surface areas corresponding to upper and lower code
wheel misalignment photodetectors 90a and S0b are equal or substantially equal,
then the photocurrents delivered by such photodiodes will also be the same.
These current values are then preferably be converted into voltage signals using a
transimpedance amplifier, since voltage comparisons may be carried out more
easily in devices made according to conventional CMOS processes. The output
voltages from these two code wheel misalignment channels may then be
compared using a comparator having a hysteresis value with a set margin. When
the difference between the two signals delivered by the code wheel misalignment
channels exceeds the margin, an error signal is generated that is indicative of the
code wheel and photodiode channels being misaligned in respect of the vertical
direction or y-axis. Note that more than two photodetectors 90a and SOb may be
employed to detect code wheel misalignment.
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Fig. 2 shows a block diagram according to one embodiment of circuit 120
adapted to receive and process output signals generated by upper and lower code
wheel misalignment photodetectors 90a and 90b. As shown, circuit 120 comprises
upper and lower code wheel misalignment photodetectors 90a and 90b,
transimpedance amplifiers 112a and 122b operably connected to photodiodes 90a
and 90b, and comparator 124 configured to provide an output error signal
indicative of code wheel misalignment when the differences between the signals
provided by amplifiers 122a and 122b to comparator 124 exceed a predetermined
threshold. To compensate for minor differences in the amplitudes of the output
signals provided by photodiodes 90a and 90b that arise from such influences as
amplifier offsets, device imparfections, dust or ink mist, the hysteresis of
comparator 124 may be designed into comparator 124, or may be adjusted or set
during operation. The value of the hysteresis should be small and in the range of
tens of millivolts to about 100 mV. When the difference in amplitudes provided by
amplifiers 122a and 122b exceeds such a value, the error signal shouid be
generated.

In another embodiment, and as illustrated in Figs. 3 through 6, there are
provided devices and methods for implementing automatic gain control (AGC) in
an optical encoder, where an average light input is measured. Three different
embodiments of such devices and methods are illustrated herein, wherein at least
one extra or additional automatic gain control photodiode is employed in light
detector 40 to sense average light input and thereby average out the photocurrent
measured through one or more apertures in a code wheel.

Fig. 3 shows a first such device containing a single automatic gain control
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photodiode 90b, where automatic gain control photodiode 90b is placed beneath
and vertically offset from motion detection photodiodes 41a (A), 43a (B), 41b (AY),
43b (B/), 42a (A), 44a (B) and 42b (AV). Fig. 4 depicts a second such device,
where automatic gain control photodiodes 90a and 90b are placed beneath and
vertically offset from motion detection photodiodes 41a (A), 43a (B), 41b (A), 43b
(B/), 42a (A), 44a (B) and 42b (A)). Fig. § illustrates a third such device, where
automatic gain controi photodiodes 80a and 90b are placed beneath and vertically
offset from first row of motion detection photodiodes 41a (A), 43a (B), 41b (A/),
43b (BY), 42a (A), 44a (B) and 42b (A/), and second row of motion detection
photodiodes 41a’ (A), 433’ (B), 41b’ (A), 43b’ (B/), 428’ (A), 44a’ (B) and 42b’ (A),
and automatic gain control photodiode S0c is placed between such first and
second rows of motion detection photodiodes. Those skilled in the art will
understand that many other permutations, combinations and configurations of
automatic gain control photodiodes and motion control photodiodes may also be
employed and nevertheless fall within the scope of the invention. The greater the
number of automatic gain control photodiodes employed, the increased sensitivity
light detector 40 will feature and the less sensitivity there will be from light source
variation or photodiode contamination.

Fig. 6 shows one embodiment of a block diagram of an automatic gain
control circuit 130 in an optical encoder using the above-described automatic gain
control photodiodes. Circuit 130 comprises automatic gain control photodiode 90,
transimpedance amplifiers 132a, 134a and 142a, low pass filter 144, comparator
146, decoder 148 and variable resistors associated with each of transimpedance
amplifiers 132a, 134a and 142a. Referring additionally to Figs. 3 through 5, it will
be seen that the spatial positions of automatic gain control photodiodes 80a, 90b
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and 90c in light detectors 40 yield average photocurrents output therefrom that
vary little over time owing to such photodiodes having fixed surface areas exposed
to light beam portion 50a. The relatively constant photocurrents generated by
automatic gain control photodiodes 90a, 90b and 90c are inputs to comparator
146, and are compared against desired reference voltage Vrer. The result of such
comparison is passed to decoder148, which then determines the level of gain to
apply. In such a feedback system, the gain of circuit 130 is adjusted until the
output signal Vou is substantially the same as the desired reference voltage Vrer.

Continuing to refer to Fig. 6, transimpedance amplifier 142a converts the
photocurrent(s) delivered by automatic gain control photodiodes 90a, S0b and/or
90c into a voltage signal Vo, which is passed to low pass filter 144 to fiter out
undesired AC components. The remaining filtered signal (Vou_lpt) represents an
average DC value of the photocurrent measured by automatic gain control
photodiodes 90a, 90b and/or 90c multiplied by a factor set by the feedback
resistor. Vou_lpt is compared against reference voltage desired Vret, Which is set
according to the particular application and manufacturing process at hand. The
output of comparator 146 is sent to decoder 148, which determines the gain to use
in adjusting Vou_lpr to be as close as possible to Vier. The same gain is applied to
each of channels A, B, A/ and B/ so that the output voltages provided by these
channels match those of Vier.

To make optimal use of this invention, there should be a known and
established relationship between the photocurrents delivered by channels A, B, A/
and B/ on the one hand, and those delivered by automatic gain control
photodiodes 90a, 90b and/or S0c on the other hand. As alluded to above,
automatic gain control photodiodes 90a, 90b and/or 90c measure an average
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current corresponding essentially to all the motion detection photodiode channels,
which receive fluctuating amounts of light as light beam portion 50a scans
thereover. For example, if the photocurrent from Channel A is designed to have 5
times the photocurrent delivered by automatic gain control photodiode S90a, then
the feedback gain of Channel A will be one fifth the gain applied to automatic gain
control photodiode 90a. Assuming all motion detection channels have the same
surface areas exposed to light beam portion 50a and the same responsiveness,
then such a method will ensure that the voltage swings of all the motion detection
photodiode channels stay at a desired reference voltage using only a single
additional automatic gain control photodiode S0a.

Note that according to one embodiment only one automatic gain control
photodiode 90a, 90b or 90c is required to provide automatic gain control correction
and feedback. Note further that only one pair of motion detection photodiodes 41a
and 41b is required in optical encoder 10 of the invention. The use of additional
reference and motion detection photodetectors or photodiodes in light detector 40
adds to the accuracy and efficacy of optical encoder 10 of the invention however.

It will now become apparent to those skilled in the art that the various
embodiments of the invention disclosed herein provide several advantages,
including, but not limited to providing optical encoders having enhanced ability to
detect code wheel misalignment and improved automatic gain control of the output
signals provided by an optical encoder. Those skilled in the art will also appreciate
that various embodiments of the invention are efficacious in detecting
misalignment of a code wheel and providing position information of increased
accuracy from an optical encoder or optical encoder incorporated into an IC.
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Moreover, the various embodiments of the invention are amenable and well
adapted for use in standard CMOS manufacturing processes, are simple and easy
to implement, determine whether a code wheel is misaligned in respect of motion
detection photodiodes, regulate output voltage swings resulting from photodiode
input currents, provide a position sensing method which remains robust despite
varying emitter/detector distances, provide a position sensing method which is
fairly insensitive to output voltage degradation and part-to-part variation, provide a
position sensing method which minimizes variations between parts and in
photodiode current, can regulate signal levels over wide ranges, are essentially
independent of motion detector photodiode signal variation, and solve problems
arising from the presence of contaminants such as dust, ink mist, and the like.

Note that the terms *vertical” and “horizontal” employed herein are intended
to refer to the relative orientations of light detector 40 and the various photodiodes
arranged thereon as they relate spatially to one another and to the code wheel and
light emitter. Note further that various types of photodetectors known in the art
may be employed in the invention, in addition to photodiodes.

Note further that included within the scope of the present invention are
methods of making and having made the various components, devices and
systems described herein.

The above-described embodiments should be considered as examples of
the present invention, rather than as limiting the scope of the invention. In addition
to the foregoing embodiments of the invention, review of the detailed description
and accompanying drawings will show that there are other embodiments of the
invention. Accordingly, many combinations, permutations, variations and
modifications of the foregoing embodiments of the invention not set forth explicitly
herein will nevertheless fall within the scope of the invention.
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Claims
We claim:
1. An optical encoder, comprising:

a light emitter configured to emit a collimated beam of light;

a code wheel having a plurality of apertures disposed therethrough and
configured to rotate substantially in a plane and in a first direction;

a light detector comprising at least first and second photodetectors
positioned along the first direction on a first vertical portion thereof and at least
upper and lower code wheel misalignment photodetectors positioned on second
and third vertical portions thereof disposed, respectively, above and below the first
and second photodetectors, and

a code wheel misalignment circuit;

wherein the light detector faces the light emitter, the code wheel is disposed
and configured to rotate between the light emitter and the light detector such that
the collimated light beam is directed substantially in the plane through the
apertures onto the first, second and third vertical portions as the wheel rotates, the
first and second photodetectors are configured to generate, in response to first
portions of the collimated beam being incident thereon, first and second output
signals, and the upper and lower code wheel misalignment photodetectors are
configured to generate, in response to second and third portions of the collimated
beam being incident thereon, third and fourth output signals provided to the code
wheel misalignment circuit, the circuit being configured to detect a difference
between the amplitudes of the third and fourth output signals, the circuit
generating an error signal indicative of a code wheel misalignment when the
difference exceeds a predetermined threshold.
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2. The optical encoder of claim 1, wherein the upper code wheel misalignment
photodetector has a first photocurrent generating area substantially equal to a
second photocurrent generating area of the upper code wheel misalignment
photodetector.

3. The optical encoder of claim 1, wherein the code wheel misalignment circuit
comprises a transimpedance circuit configured to receive the third output signal
and the fourth output signal.

4, The optical encoder of claim 1, wherein the code wheel misalignment circuit
comprises a comparator configured to compare the third output signal to the fourth
output signal.

5. The optical encoder of claim 4, wherein the comparator has a hysteresis
value associated therewith.

6. The optical encoder of claim 5, wherein when the hysteresis value is
exceeded the error signal is generated by the circuit.



10

15

20

25

(29) JP 2010-14704 A 2010.1.21

7. A method of generating an error signal indicative of code wheel
misalignment in an optical encoder, comprising:
providing a light emitter configured to emit a collimated beam of light;
providing a code wheel having a plurality of apertures disposed
therethrough and configured to rotate substantially in a plane and in a first

direction;

providing a light detector comprising at least first and second
photodetectors positioned along the first direction on a first vertical portion thereof
and at least upper and lower code wheel misalignment photodetectors positioned
on second and third vertical portions thereof disposed, respectively, above and
below the first and second photodetectors, and

providing a code wheel misalignment circuit;

rotating the code wheel between the light emitter and the light detector such
that the collimated light beam is directed substantially in the plane through the
apertures onto the first, second and third vertical portions;

generating with the first and second photodetectors, respectively, first and
second output signals in response to first portions of the collimated beam being
incident thereon;

generating with the upper and lower code wheel misalignment
photodetectors, respectively, third and fourth output signals in response to second
and third portions of the collimated beam being incident thereon, and

detecting a difference in amplitudes of the third and fourth output signals
that exceeds a predetermined threshold and is indicative of a misalignment of the
code wheel.
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8. The method of claim 7, further comprising generating an error signal when

the predetermined threshold is exceeded.

9. The method of claim 7, further comprising providing the upper code wheel
misalignment photodetector with a first photocurrent generating area that is
substantially equal to a second photocurrent generating area of the upper code
wheel misalignment photodetector.

10. The method of ciaim 7, further comprising providing a transimpedance
circuit configured to receive the third output signal and the fourth output signal.

11.  The method of claim 7, further comprising providing a comparator
configured to compare the third output signal to the fourth output signal.

12.  An optical encoder, comprising:

a light emitter configured to emit a collimated beam of light,

a code wheel having a plurality of apertures disposed therethrough and
configured to rotate substantially in a plane and in a first direction;

a light detector comprising at least first and second photodetectors
positioned along the first direction on a first vertical portion thereof and at least a
first automatic gain control photodetector positioned on a second vertical portion
thereof, the second vertical portion being vertically offset from the first vertical
portion, and
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an automatic gain control circuit comprising a comparator and a decoder,

wherein the light detector faces the light emitter, the code wheel is disposed
and configured to rotate between the light-emitting element and the light detector
such that the collimated light beam is directed substantially in the plane through
the apertures onto the first and second vertical portions as the wheel rotates, the
first and second photodetectors are configured to generate, in response to first
portions of the collimated beam being incident thereon, first and second output
signals, and the first automatic gain control photodetector is configured to
generate, in response to the second portion of the collimated beam being incident
thereon, a third output signal provided to the circuit, the circuit being configured to
receive the third output signal and compare same to a reference voltage using the
comparator, an output of the comparator being provided to a decoder which sets

the gain of the automatic gain circuit according to the comparator output.

13.  The optical encoder of claim 12, further comprising a second automatic gain
control photodetector positioned on a third vertical portion of the light detector
vertically offset from the first and second vertical portions and configured to
generate, in response to the third portion of the collimated beam being incident
thereon, a fourth output signal provided to the circuit, the circuit being configured
to receive the third and fourth output signals and compare same to the reference
voltage using the comparator, an output of the comparator being provided to a
decoder which sets the gain of the automatic gain circuit according to the
comparator output.
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14.  The optical encoder of claim 12, further comprising a third automatic gain
control photodetector positioned on a fourth vertical portion of the light detector
vertically offset from the first, second and third vertical portions and configured to
generate, in response to the fourth portion of the collimated beam being incident
thereon, a fifth output signal provided to the circuit, the circuit being configured to
receive the third, fourth and fifth output signals and compare same to the
reference voltage using the comparator, an output of the comparator being
provided to a decoder which sets the gain of the automatic gain circuit according
to the comparator output.

15,  The optical encoder of claim 12, wherein the circuit further comprises a
transimpedance ampiifier operably disposed between the first automatic gain
control photodetector and the comparator.

16.  The optical encoder of claim 12, wherein the circuit further comprises a low
pass filter operably disposed between the first automatic gain control
photodetector and the comparator.

17. A method of providing automatic gain control in an optical encoder,
comprising:
providing a light emitter configured to emit a collimated beam of light;
providing a code wheel having a plurality of apertures disposed
therethrough and configured to rotate substantially in a plane and in a first
direction;

providing a light detector comprising at least first and second
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photodetectors positioned along the first direction on a first vertical portion thereof
and at least a first automatic gain control photodetector positioned on a second
vertical portion thereof, the second vertical portion being vertically offset from the
first vertical portion;

providing an automatic gain control circuit comprising a comparator and a
decoder;

rotating the code wheel between the light-emitting element and the light
detector such that the collimated light beam is directed substantially in the plane
through the apertures onto the first and second vertical portions;

generating with the first and second photodetectors, in response to first
portions of the collimated beam being incident thereon, first and second output
signals;

generating with the first automatic gain control photodetector, in response
to the second portion of the collimated beam being incident thereon, a third output
signal and providing same to the circuit;

comparing the third output signal and a reference voltage in the comparator
and generating an output from the comparator on the basis of such comparison,
and

providing the comparator output to a decoder and setting the gain of the
automatic gain circuit according to the comparator output.

18. The method of claim 17, further comprising providing a second automatic
gain control photodetector positioned on a third vertical portion of the light detector
vertically offset from the first and second vertical portions and configured to
generate, in response to the third portion of the collimated beam being incident
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thereon, a fourth output signal.

19.  The method of claim 18, further comprising providing the fourth output to
the circuit and comparing same to the reference voltage using the comparator.

20. The method of claim 17, further comprising providing a third automatic gain
control photodetector positioned on a fourth vertical portion of the light detector
vertically offset from the first, second and third vertical portions and configured to
generate, in response to the fourth portion of the coliimated beam being incident
thereon, a fifth output signal.

21.  The method of claim 20, further comprising providing the fifth output to the
circuit and comparing same to the reference voltage using the comparator.,

1. Abstract

According to one embodiment, there is provided a device and method for
correcting code wheel misalignment which employs upper and lower code wheel
misalignment photodetectors positioned above and below at least first and second
motion detection photodetectors. According to other embodiments, there are
provided a device and method for automatically setting the gain of an output circuit
in an optical encoder. Still further embodiments of optical encoders combine the
code wheel misalignment and automatic gain control features of the invention.
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