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(57) Abstract: A self-balancing optical position sensitive detector includes a pair of spaced apart, parallel, longitudinally extending
doped regions 12, 14 on a first surface on a front side of a substrate 16 of opposite doping type with contact pads 18, 20 on the front
side at respective ends of a first doped region 12 of the pair. A voltage source +V applies a potential difference between the contact
pads of the first doped region. On the front side, a contact pad 22 of the second doped region 14 of the pair provides an analog out -
put signal representative of a longitudinal position of a center of gravity of an incident light pattern 24 along the doped regions
without external circuitry processing the output signal to obtain a readout of the longitudinal position. A resistive line 28 may dir -
ectly overly, abut and be in contact with at least a portion of the first doped region. A conductive line 30 may directly overly, abut
and be in contact with at least a portion of the second doped region. No backside contact or processing of the substrate is required or
employed.
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SELF-BALANCING POSITION SENSITIVE DETECTOR
BACKGROUND ART

[0001] The invention relates to position sensitive detectors, and more particularly, to one-

dimensional optical position sensitive detectors.

[0002] One-dimensional position sensitive detectors have a wide range of applications in
current electronics. They convert the position of an object of interest into an electrical signal that
can be integrated into the electronic device, allowing for applications that require the monitoring

of single-axis mechanical motion.

[0003] A linear (or “sliding”) potentiometer is often used as a position sensor. In the linear
potentiometer, a resistive strip distributes applied potential. A metallic “wiper” contact moves
along the resistive element. Potential on the wiper is determined by the position of the wiper
contact along the resistive strip. However, constant wear and tear from frequent motion of the
slider deteriorates the material over time which may eventually cause sensor failure. For this

reason, a non-contact sensor is desirable for many applications.

[0004] Optical position sensitive detectors provide a non-contact method of tracking the
location of a light spot [1]. Silicon-based versions of such sensors may be fabricated with
standard CMOS technology, are inexpensive and provide a real-time, analog signal output

corresponding to the position of the light spot.

[0005] There are two main classes of optical position sensors, or position sensitive detectors
(PSDs). The first type is composed of discrete photo sensor elements that provide position
information in the form of a digital output (e.g. CCDs [2] or linear array of discrete
photodiodes). The second type is a sensor with a continuous photosensitive surface that provides

position data in the form of an analog output (e.g. Lateral effect PSD [3][4][5]).

[0006] Lateral effect position sensitive detectors (LEPSDs) may be fabricated using standard
CMOS processing techniques[6], and provide an analog output and a relatively low cost,
accurate method of sensing position. However, LEPSDs require a backside contact which results

in increased packaging costs. If a sensor could have all contacts on one side of the substrate,



WO 2016/209642 PCT/US2016/036894

then the cost of the sensors and their packaging could be reduced by eliminating all backside
processing and associated costs. Further, minimization of required readout circuitry is desired.
Analog output position sensitive detectors typically require less signal processing circuitry than a
digital output position sensor. However, developing a sensor with a direct readout from the
sensor itself eliminates the need for any external output signal processing circuitry, which makes
use of the device for various applications easier and less expensive. Consideration of these
factors led to the development of the self-balancing position sensitive detector of the present

invention.
BRIEF SUMMARY OF THE INVENTION

[0007] In one aspect, the self-balancing position sensitive detector (SBPSD) of the current
invention comprises a pair of spaced apart, parallel, longitudinally extending doped regions on a
first surface on a front side of a substrate of opposite doping type, with contact pads on the front
side at respective ends of a first doped region of the pair. A potential difference or voltage is
applied between the contact pads of the first doped region. This region is referred to hereinafter
as the biased line or biased region. On the front side, a contact pad of a second doped region of
the pair, referred to hereinafter as a floating line or floating region, provides an analog output
signal representative of a longitudinal position of a center of gravity of an incident light pattern
along the doped regions, without employing any backside contract on the substrate or external

circuitry to process the output signal in order to obtain a readout of the longitudinal position.

[0008] In another aspect, the self-balancing optical position sensitive detector of the current
invention comprises a pair of spaced apart, parallel, longitudinally extending doped regions on a
first surface on a front side of a substrate of opposite doping type, with contact pads on the front
side at respective ends of a first doped region of the pair. A resistive line directly overlies, abuts
and is in contact with at least a portion of the first doped region and interconnects the contact
pads of the first doped region. A voltage source applies a potential difference between the
contact pads of the first doped region. On the front side, a contact pad of a second doped region
of the pair provides an output signal representative of a longitudinal position of a center of

gravity of an incident light pattern along the doped regions.
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[0009] The resistive line may comprise one of a metal, or a doped area having a same doping

type as the first doped region and a higher doping concentration than the first doped region.

[0010] The self-balancing optical position sensitive detector may further comprise a

conductive line directly overlying and abutting at least a portion of the second doped region

[0011] The self-balancing optical position sensitive detector may be combined with a light
source providing a light pattern incident along the doped regions, and at least one of the light
source and the light pattern may be adapted for movement together with, or in association with,
or responsive to, a moveable member. The light pattern may comprise a light spot, multiple light

spots, or distributed illumination.

[0012] Advantageously, the detector provides an analog output signal at the contact pad of
the second doped region representative of the longitudinal position of a center of gravity of an
incident light pattern along the doped regions without needing or employing external circuitry to

process the output signal in order to obtain a readout of the longitudinal position.

[0013] In a further aspect, a method is provided for determining the longitudinal position of a
light pattern incident on the doped regions of the self-balancing optical position sensitive
detector, comprising: applying a potential difference between the contact pads of the first doped
region, and measuring the potential at a contact pad of the second doped region, without further
processing of the output signal provided from the contact pad of the second doped region, to

obtain a readout of the longitudinal position.

[0014] In another aspect, a method is provided for fabricating the self-balancing optical
position sensitive detector, comprising: employing semiconductor fabrication techniques with
no backside processing of the substrate to produce the self-balancing optical position sensitive

detector.

[0015] The self-balancing position sensitive detectors of the present invention can replace
existing linear potentiometers. Non-contact position tracking results in sensor longevity.

Integrated circuit fabrication methods result in low production costs.
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[0016] By eliminating all backside processing and associated costs, and by eliminating the
need for external output signal processing circuitry entirely, the self-balancing position sensitive
detector of the current invention provides increased simplicity with no external electronics
required for output signal processing in order to obtain a readout of the longitudinal position, and

extremely low cost, compared to known lateral effect position sensitive detectors.
BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0017] Figure 1A illustrates a top plan view of a first embodiment of the Self-Balancing

Position Sensitive Detector (SBPSD) of the present invention.

[0018] Figure 1B presents a side view of the SBPSD of Figure 1, illustrating the absence of

any backside processing.

[0019] Figure 2 presents a plot of photogenerated current versus voltage about an

equipotential position for the first embodiment.

[0020] Figure 3A is a top view illustration of a second embodiment of the SBPSD of the
current invention with a resistive line and a conductive line, and depicting direction of current

flow under an illuminated light spot at the equipotential position.
[0021] Figure 3B depicts a spatial distribution of the intensity of the light spot.

[0022] Figure 3C depicts current produced in the device upon illumination in equilibrated

state.
[0023] Figure 4A is another top plan view of the second embodiment.

[0024] Figure 4B illustrates a sectional view along lines 4B-4B of the top view of Figure 4A,

and the absence of backside processing of the substrate.

[0025] Figure 5 depicts photogenerated current from a SBPSD of the current invention as a
function of incident LED power, and portraying the device responsivity in A/W as the slope of

the curve.
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[0026] Figure 6 depicts a simulation of phosphorous ion implantation through a surface

oxide using SRIM software.
[0027] Figure 7 provides a schematic drawing of light spot positioning.

[0028] Figure 8 presents plots of output voltage versus position measurements for various
light positions (A =-0.4 mm, B=-02 mm, C=0mm, D=02 mm, E=04 mm, F=04 mm). In
positions A-E, the 0-5 V bias was applied to the biased line and the floating potential measured
on the floating line; for position F, the 0-5 V bias was applied on the floating line, and the

floating potential measured on the biased line.

[0029] Figure 9 depicts output voltage versus current measurements for the various light

positions.

[0030] Figure 10 depicts I-V curves of 37 mm SBPSD with 50 and 75 um spacing between
doped regions. The inset from -0.3 to 0.3 shows the resistance changes when the distance

between doped regions varies.

[0031] Figure 11 illustrates a coordinate plot and resistance change fora 0 to 5 V bias

applied to a Ti metal line.

[0032] Figure 12 presents a coordinate plot and resistance change for a 0 to 5 V bias applied

to a Ti/Au metal line.

[0033] Figures 13A — 13D depicts computer interfacing of a SBPSD using a built-in game

controller configuration calibration settings.
DETAILED DESCRIPTION
Device Construction and Operation

[0034] A first embodiment of the Self-Balancing Position Sensitive Detector (SBPSD) 10, is
illustrated in Figures 1A, 1B and 2, and includes a pair of spaced apart, parallel, longitudinally
extending doped regions 12, 14 on a first surface on a front side of a substrate 16 of opposite

doping type with contact pads 18, 20 on the front side at respective ends of a first doped region
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12 of the pair. A potential difference or voltage V is applied between the contact pads 18, 20 of
the first doped region 12. This region 12 is referred to hereinafter as the biased line or biased
region. On the front side, a contact pad 22 of a second doped region 14 of the pair, referred to
hereinafter as a floating line or floating region, provides an analog output signal representative of
a longitudinal position of a center of gravity (also referred to herein as an equipotential position)
of an incident light pattern, e.g., a light spot 24, along the doped regions, without needing or
employing any backside contact or processing of the substrate 16, or any external circuitry to

process the output signal in order to obtain a readout of the longitudinal position.

[0035] The two doped regions 12, 14 form a linear back-to-back photodiode pair from the n-
p-n junction along the device. Since the photodiodes are connected back-to-back, one of them is

reverse biased and the other is forward biased.

[0036] When a light pattern, e.g. a light spot 24, is incident on the doped regions, i.e. the pair
of back-to-back connected photodiodes, the reverse biased part of the diode generates current.
This current travels freely through the forward biased part of the diode, accumulating charge on
the floating line and changing its potential. The flow of current between the two doped regions
causes the potential on the floating line to equilibrate to the same value as that of the biased line

at the center of gravity position of the light spot.

[0037] A second embodiment of the Self-Balancing Position Sensitive Detector (SBPSD) 26,
which is especially suitable for longer devices, e.g. having a length of 3 ¢cm or greater, is
illustrated in Figures 3A, 3B, 3C, 4A and 4B, and comprises a pair of spaced apart, parallel,
longitudinally extending doped regions 12, 14 on a first surface on a front side of a substrate 16
of the opposite doping type, with a resistive line 28 directly overlying, abutting and in contact
with at least a portion of first doped region 12 of the pair and interconnecting contact pads 18, 20
on the front side at the ends of the first doped region 12, and a conductive line 30 directly
overlying, abutting and in contact with at least a portion of the second doped region 14 of the

pair.

[0038] The resistive line 28 may comprise any resistive material including metal, or a doped
area (e.g. doped polycrystalline silicon) having a same doping type as the first doped region 12

but higher doping concentration than the first doped region. Materials for the resistive line may

6
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be different for different length devices. The resistive line, in effect, provides a resistor in
parallel to the resistor of the first doped region, and serves to stabilize the resistivity of the biased
line and helps to eliminate the influence of light on the bias distribution across the device during

operation.

[0039] The conductive line 30 may be comprise any conductive material including metal or a
doped area (e.g. doped polycrystalline silicon) having a same doping type as the second doped
region 14 but lower doping concentration than the second doped region. The conductive line
serves to help linearize the sensor performance by maintaining identical potential along the line.
Together, the resistive line 28 and the conductive line 30 increase the linearity of the coordinate

characteristic, as more fully described hereinafter.

[0040] The one doped region 12 to which voltage V is applied, is again referred to as the
distributed biased line while the second doped region 14 on which the final potential is measured

is again called the floating line.

[0041] In one embodiment, two n-type regions were produced in a p-type substrate. Each
region is resistive, based on the doping concentration used. The two regions form a linear back-
to-back photodiode pair from the n-p-n junction along the device, resulting in the characteristic I-
V curve typical of an n-p-n junction. Because the photodiodes are connected back-to-back, one
of them is reverse biased and the other is forward biased. The reverse bias determines the

current flowing inside the device.

[0042] The floating line is measured with a high input resistance device, e.g. a voltmeter, in
order to maintain current flow inside the device [7]. Once illuminated, one of the diodes will be
split into a part that is reverse biased on the right side of the illuminated spot while the left side
will be forward biased. The second diode will then be forward biased on the right side of the
illuminated spot while the left side will be reverse biased. The potential difference across the n-
p-n junction determines the state on the diode, 1.e., which part of the diode is reverse biased,
which part of the diode is forward biased, and the resulting direction of current flow. When a
light pattern, e.g., a light spot, is incident on the pair of back-to-back connected photodiodes, the

reverse biased part of the diode generates current. This current travels freely through the forward
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biased part of the diode, accumulating charge on the floating line and thus, changing its potential

[8]. The biased line maintains a constant linear potential distribution.

[0043] Potential difference between regions at each point across the device determines
current direction at each location. The illuminated light pattern, e.g., a light spot 24, creates a
flow of current between the regions as shown in Figure 3A. The generated currents
automatically balance their flows around the center of gravity of the light pattern, e.g., a light
spot. The center of gravity is a position where the potential values of the two regions are the
same, 1.e. the equipotential position. The flow of current between the two regions causes the
potential on the floating line to equilibrate to the same value as that of the biased line at the
center of gravity position of the light pattern, e.g., a light spot. At equilibrium, the currents on

both side of the center of the light pattern, e.g., a light spot, are equal.

[0044] A critical figure of merit for photodiodes is the responsivity, which is the ratio of the

optical generated current to the input power of the light, as shown in the following equation.

I
R ="

P opt
[0045] The responsivity is given in units of Amps per Watt (A/W). Typical responsivity
values of silicon photodiodes at 623 nm is ~0.4 A/W [9].

[0046] In order to determine the responsivity of the self-balancing position sensitive
detectors, I-V curves were measured at various LED intensities controlled by the applied current
as well as with no illumination. The photogenerated current was obtained by subtracting the
measured dark current from the illuminated response. The light intensity was measured using
calibrated photodiodes inside a Newport 1815-C Power Meter. The responsivity of the prototype
detectors in this work was determined to be 0.43 A/W, as shown in Figure 5, which compares
favorably with commercially available photodiodes illuminated with the 623 nm wavelength

LED used.

Fabrication Process Flow
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[0047] In one embodiment, 6’ (100) p-type silicon wafers with a resistivity of 80-130 ohm-
cm, a thickness of 675 um, and 500 nm of oxide on the surface were used for the device
fabrication. First, alignment marks were patterned onto the front of the substrate using standard
contact photolithography processing. The alignment marks were etched through the SiO; into

the silicon wafer itself, providing a permanent reference feature for future alignment.

[0048] The main doped device regions were then defined onto the SiO; with standard contact
photolithography processing, leaving only the desired doping area exposed. The parallel device
regions were then doped with phosphorous through the oxide using ion implantation. The
implant energy was 350 keV and the dose was 1.67x 10'® ions/cm?, as shown in Figure 6,
simulated by SRIM (Stopping Range of Ions in Matter) software. After the implant, the
photoresist mask was stripped, and the wafers were annealed in argon at 1000°C for 1 minute
using a rapid thermal anneal process to thermally activate dopants and fix damage in the crystal

lattice

[0049] Openings in the Si0; were patterned using contact photolithography and etched using
buffered oxide etchant (Transene Company, Inc.) in order to allow direct contact to each of the
doped silicon regions. The electrode metals, 200A of titanium followed by 1500A of gold, were
then deposited onto the substrate, and subsequently patterned to form the electrical device

contacts. Upon completion, the devices were sent for dicing.
[0050] Advantageously, no backside processing of the substrate is needed nor employed.

[0051] In order to analyze the influence that the width of the separation line between the
doped areas has on device performance, devices were fabricated of 37 mm, 74 mm and 100 mm

device length.
[0052] Results and Discussion

[0053] Coordinate characteristic of the position sensitive detector (PSD) is a plot of light
spot position vs the voltage output for that light position. Measurements were performed by first
centering a light spot to fit the entire device width and scanning it along the device. The
response of each device to a moving light spot is illustrated by the plot of Voltage vs Position in

Figure 8, discussed hereinafter. These plots were recorded using a program created in

9
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LabVIEW, which used a Keithley source measure unit (SMU) to read the voltage and a
programmable probe station to incrementally scan the length of the device using the light spot
focused by a microscope. The light spot used fits the entire device width. However if the device
was misaligned or the light spot didn’t cover the entire device, this affected the resulting

coordinate plot.

[0054] To investigate this effect, 37mm long devices fabricated with a metal line connecting
the contact pads 18, 20 of a first doped region 12 while bare silicon connected the contact pads
of a second doped region 14, were used for testing (Figure 7). Testing was performed by moving
the light spot incrementally by an offset in the vertical direction by 0.2 mm from the center and
the same measurement was performed. The light spot was further offset by 0.2 mm to the left for
a total of 0.4 mm from the center light spot and a coordinate plot was measured (Figure 8). The
same measurement was then performed on the bottom portion of the device at 0.2 and 0.4 mm
from the center. In Figure 8, points E and F are positioned identically with reference to the light
spot with the only difference being which region the 0 to 5 V bias was applied. Point E clearly
demonstrates that application of a bias onto the metal line connected contact pads achieved a
linear profile compared to the curved profile in point F where the bias was placed on the side
with no metal line connecting the contacts. It was determined that positioning the light spot
closer to the biased region led to a more linear voltage vs position response, and the output

voltage was closer to the value applied to the biased line.

[0055] The parallel doped regions are photosensitive. Their resistance changes under
illumination resulting in non-uniform potential distribution along the bias line. This may result
in a non-symmetric coordinate characteristic. To compensate, an additional directly overlying
and abutting metal line was added at the edge of each doped region connecting the contact pads
of each respective region. As aresult, the doped regions and metal lines work as two resistors
connected in parallel. This addition avoids the influence of resistance changes and makes the

coordinate characteristic symmetric.

[0056] I-V measurements were performed to understand changes in the coordinate
characteristic due to variation in spot location. Measurements were performed using a light spot

with a Gaussian profile which led to a non-symmetric volt-ampere characteristic for these

10
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devices with respect to the position of the light spot across the device. I-V curves were measured
by sweeping from -2 to 2 V and recording the corresponding current. If the light spot does not
illuminate part of both lines identically, the I-V curve changes in response. This effect was
confirmed by measuring the 37 mm long SBPSD with 50 micron spacing between the doped
lines by first placing the light spot such that it covered the whole device width and measuring the

IV response.

[0057] The location of the light spot was changed similarly to Figure 8, by moving the spot
position by 0.2 and 0.4 mm in the Y and —Y direction and the I-V curves measured. In the
resulting I-V curves (Figure 9), the positive saturation current decreased for all measurements
that were not in the center of the device. For the negative saturation current, a noticeable
difference was observed; depending on which side of the device the light spot was moved, the
current changed in response. When the light spot was offset towards the biased line, the
saturation current was more negative (lower) than at the center light position. When the light
spot was offset towards the floating line, the current was less negative (higher) than the center
light position. This change in the I-V response led to a corresponding change in the coordinate
characteristic for these devices. The performance measurements confirmed the importance of
light positioning on the photosensitive surface of the device for accurate coordinate

determination.

[0058] Investigations were performed to determine how the distance between doped regions
would affect the slope of the I-V curve. 37 mm devices were fabricated with a distance of 50 pm
and 75 um between the doped regions. Various distances between the doped regions will result
in different values in resistance between regions and changes in the slope of the transition part

between saturation regions of I-V curves as can be seen in the inset in Figure 10.

[0059] The distributed biased line is the doped silicon and its resistance can be changed by
light illumination. The influence of resistance change due to photosensitivity on SBPSD
coordinate response was studied. The coordinate characteristic of the device and its resistance
along the biased line were measured to determine the effect of resistance change on the linearity
in the coordinate plot. Two types of devices were used for this measurement. The devices that

were used for this measurement are the dual metal line 100 mm length devices. The metal used

11
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for the contact pads is 1500 A of Au on top of 500 A of Ti. In one device the contact pads were
covered with chemically resistant tape and the Au was etched leaving only Ti on the line
connecting the device. The device with only Ti across the device had a maximum resistance of
26.8 kQ near the side where 5V was applied compared to the device with Au-Ti yielding a max
resistance of 163.7Q.

[0060] A 0to 5 volt bias was first applied across the Ti line. Using this bias a coordinate
plot for voltage and resistance change vs position were measured; the resistance was calculated
by Ohm’s law. A significant resistance change (~70%) led to a non-linear non-symmetric

coordinate plot (Figure 11).

[0061] The 0 to 5 V bias was then applied to the Au-Ti line. Using this bias condition, a
coordinate plot for voltage and resistance change vs position was measured. It was observed that
having a low resistance led to a linear symmetric coordinate plot. The resistance was essentially
constant across the device with an overall resistance change of 0.2%. The application of the bias
to the device with the lower resistance led to a linear symmetric coordinate plot and a

significantly lower resistance change as seen in Figure 12.

[0062] A symmetric and linear coordinate plot is desirable for operation of the Self
Balancing Position Sensitive Detector. The sensor's operation was tested using Microsoft
Windows built-in game controller configuration software. This configuration software allows
for the user to set a voltage value inside a defined range to a light spot position along a particular
axis. In this case, the output voltage varies with the movement of the LED light source 32
mounted to a movable member 34, and is defined as movement on the x-axis. The operation of

the sensor is demonstrated in Figure 13.

[0063] The light pattern employed with the self-balancing position sensitive detector of the
present invention may be derived directly, or indirectly, from any available light source.
Advantageously, at least one of the light source and the light pattern is adapted to move together
with, in association with, or in response to, a displaceable, rotatable, pivotable or otherwise
movable member. The light may be monochromatic or polychromatic. The light producing the
light pattern may be collimated or un-collimated, focused or unfocused, unidirectional or

multidirectional, natural or artificial, continuous or discontinuous. Although visible light is

12
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currently preferred, the device of the present invention may be adapted to operate with light of
other wavelengths. The light pattern may comprise a light spot of circular or other cross-

sectional shape, multiple light spots, or distributed illumination.

[0064] The length, width, depth, shape, doping concentration, and/or separation of the doped
regions of the self-balancing position sensitive detector may vary. Devices with larger region
widths had higher measured potential at the final position and more photogenerated current,
higher slope and better resolution. Preliminary 30 mm length devices exhibited device resolution
of about 140 uV/um. Devices of greater length, e.g., 74 mm and 100 mm, have also been
developed and tested. All of these sensors are fabricated without any backside processing or
contact and operate without requiring any circuitry for output signal processing, in order to
obtain a readout of longitudinal position. The latter feature facilitates direct interface from the
self-balancing position sensitive detector to a voltmeter, computer, or other measurement,
display or utilization device while avoiding the added complexity and expense of external output
signal processing electronics. Further, the fabrication and packaging cost is significantly lower

than known lateral effect position sensitive detectors.

13
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CLAIMS

1. A self-balancing optical position sensitive detector 10, comprising a pair of spaced apart,
parallel, longitudinally extending doped regions 12, 14 on a first surface on a front side of a
substrate 16 of opposite doping type with contact pads 18, 20 on the front side at respective ends
of a first doped region 12 of the pair, a voltage source +V applying a potential difference
between the contact pads 18, 20 of the first doped region, and a contact pad 22 of a second doped
region 14 of the pair on the front side providing an output signal representative of a longitudinal
position of a center of gravity of an incident light pattern 24 along the doped regions, without
any contact on a backside of the substrate or external circuitry processing the output signal to

obtain a readout of the longitudinal position.

2. The self-balancing optical position sensitive detector of claim 1, further comprising a
resistive line 28 directly overlying, abutting and in contact with at least a portion of the first

doped region 12 and interconnecting the contact pads 18, 20 of the first doped region 12.

3. The self-balancing optical position sensitive detector of claim 2, wherein the resistive line
28 comprises one of a metal, or a doped area having a same doping type as the first doped region

12 and a higher doping concentration than the first doped region.

4. The self-balancing optical position sensitive detector of claim 2, further comprising a
conductive line 30 directly overlying, abutting and in contact with at least a portion of the second

doped region 14.

5. The self-balancing optical position sensitive detector of any one of claims 1-4, in

combination with a light source 32 providing a light pattern 24 incident on the doped regions.

14
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6. The self-balancing optical position sensitive detector of claim 5, wherein at least one of
the light source 32 and the light pattern 24 is adapted for movement together with, or in

association with, or in response to, a moveable member 34.

7. The self-balancing optical position sensitive detector of any one of claims 1- 6, wherein

the light pattern 24 comprises a light spot, or multiple light spots or distributed illumination.

8. A method of determining the longitudinal position of a light pattern 24 incident on the
doped regions 12, 14 of the self-balancing optical position sensitive detector of any one of claims
1-7, comprising: applying a potential difference between the contact pads 18, 20 of the first
doped region 12, and measuring the potential at a contact pad 22 of the second doped region 14,
without further processing of the output signal provided from the contact pad 22 of the second

doped region 14, to obtain a readout of the longitudinal position.

9. A method of fabricating the self-balancing optical position sensitive detector of any one
of claims 1-7, comprising: employing semiconductor fabrication techniques with no backside

processing of the substrate 16 to produce the self-balancing optical position sensitive detector.

15
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