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FIG. 1

(57) Abstract: An apparatus, e.g. a proximity sensor module (10), for optical distance sensing includes a target surface (25) having a
non-uniform design including a high-reflectivity region and a low-reflectivity region for light of a particular wavelength. The position
of the target surface (25) is displaceable within the apparatus. The apparatus includes a light source (12) operable to emit light at the
particular wavelength toward the target surface (25), and a photodetector (14) operable to sense at least some of the light emitted by the
light source and subsequently reflected by the target surface (25). A processor is operable to correlate an output from the photodetector
(14) with a distance to the target surface (25). A wall (22) may separate the light source (12) and photodetector (14) from one another,
which can help reduce internal optical crosstalk. The light source (12) and photodetector (14) are mounted and electrically coupled to
a substrate (16) that, in turn, can be mounted and electrically coupled to a printed circuit board (PCB) (18) of a host device. The light
source (12) and photodetector (14) are surrounded laterally by a spacer or housing wall (20). The target surface (25) may be the backside
of a touch interactive display screen (24) in the host device, e.g., a portable computing device such as a smartphone, tablet, wearable
device, personal digital assistant (PDA), or personal computer. Circuitry (28) can be implemented, for example, as an integrated circuit
chip or other processor and may include software and/or a look-up table stored in memory that allows the circuitry (28) to correlate
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the measured photodetector signal to a distance. When pressure is provided on the display screen (24) (e.g., by a person pressing her
finger on the screen), the display screen is displaced slightly in the direction of the substrate (16) on which the light source (12) and
photodetector (14) are mounted. As a result of the displacement, the intensity of light detected by the photodetector (24) changes. The
signal measured by the photodetector (24) can be correlated to a distance value. If the distance value is within a specified range (or
changes by at least a specified amount), for example, it can trigger some further action in the host device.
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OPTICAL DISTANCE SENSING USING A TARGET SURFACE HAVING
A NON-UNIFORM DESIGN OF REGIONS OF DIFFERENT REFLECTIVITY

TECHNICAL FIELD
[0001] This disclosure relates to optical distance sensing using a target surface having a

non-uniform design of regions of different reflectivity.

BACKGROUND
[0002] Various types of optical devices are incorporated into a wide range of consumer
and industrial products and systems. Proximity sensors, for example, can be used to

detect the position or location of an object.

[0003] Optical proximity sensors can employ reflective techniques, for example, to
detect the presence or absence of an object in the vicinity of the sensor. A typical
technique is to use a light emitting diode (LED) and an optical detector configured in
such a way that light emitted from the LED is reflected from an object back to the
detector. The light source can be selected so that the light is suitable for detection by the
light detector. Thus, for example, the light source can generate light of a frequency that
the light detector is best able to detect and that is not likely to be generated by other

nearby sources.

[0004] In some instances, proximity sensors also can be used to detect the distance to a
target, for example, where the optical properties (e.g., diffusivity and reflectivity) of the
target are known. The optical response curve for sensors using such targets, however,
generally is inversely proportional to the square of the distance from the target to the
detector. Thus, as the distance increases, the variation of the signal tends to become

weaker, resulting in a decrease in the sensor’s accuracy.

SUMMARY
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[0005] The present disclosure describes optical distance sensing using a target surface

having a non-uniform design of regions of different reflectivity.

[0006] For example, in one aspect, the disclosure describes an apparatus that includes a
target surface having a non-uniform design including a high-reflectivity region and a low-
reflectivity region for light of a particular wavelength. The position of the target surface
is displaceable within the apparatus. The apparatus includes a light source operable to
emit light at the particular wavelength toward the target surface, and a photodetector
operable to sense at least some of the light emitted by the light source and subsequently
reflected by the target surface. A processor is operable to correlate an output from the

photodetector with a distance to the target surface.

[0007] The disclosure also describes a method including emitting light of a particular
wavelength toward a target surface having a non-uniform design that includes a high-
reflectivity region and a low-reflectivity region for light of the particular wavelength.
The method further includes receiving in a photodetector at least some of the light that
was emitted by the light source and subsequently reflected by the target surface, and

correlating an output from the photodetector with a distance to the target surface.

[0008] Some implementations include one or more of the following features. For
example, in some cases, the high-reflectivity region has a reflectivity R > 90%, and the
low-reflectivity region has a reflectivity R < 10%. Thus, for some implementations, the

high-reflectivity region may be white, and the low-reflectivity region may be black.

[0009] In some instances, the high-reflectivity region is at a center of the design and is
surrounded by the low-reflectivity region. In other instances, the low-reflectivity region

is at a center of the design and is surrounded by the high-reflectivity region.

[0010] In some cases, a response curve of the photodetector, for different distances to the
target surface, is more linear than if the target surface had a uniform high- or low-

reflectivity across the entirety of the target surface. Also, in some implementations, a
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response curve of the photodetector, for different distances to the target surface, has a
steeper slope than if the target surface had a uniform high- or low-reflectivity across the

entirety of the target surface.

In some implementations, the design includes at least one grey-scale region. The at least

one grey-scale region can have a reflectivity R, for example, 10% < R < 90%.

[0011] The high-reflectivity region can be at a center of the design and can surrounded
by the low-reflectivity region. Further, in some instances, the at least one grey-scale
region provides a transition from the high-reflectivity region to the low-reflectivity
region. In other cases, the low-reflectivity region is at a center of the design and is
surrounded by the high-reflectivity region. Further, in some instances, the at least one
grey-scale region provides a transition from the low-reflectivity region to the high-
reflectivity region. A response curve of the photodetector, for different distances to the
target surface, can be more linear than if the target surface had a uniform high- or low-
reflectivity across the entirety of the target surface. In some cases, a response curve of
the photodetector, for different distances to the target surface, has a steeper slope than if
the target surface had a uniform high- or low-reflectivity across the entirety of the target

surface.

[0012] In some instances, the design is symmetrical about a center line, wherein the light
source and the photodetector are symmetrically disposed with respect to the center line.
The amount of light sensed by the photodetector depends, in some implementations, on

an amount of displacement of the target surface.

[0013] The target surface ca be, for example, a backside of a touch interactive display

screen.

[0014] The disclosure also describes a host device (e.g., a smartphone) that includes a
touch interactive display screen having a backside surface that has a non-uniform design

including a high-reflectivity region and a low-reflectivity region for light of a particular
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wavelength. A position of the backside surface is displaceable within the host device.
Ths host device includes a light source operable to emit light at the particular wavelength
toward the backside surface, a photodetector operable to sense at least some of the light
emitted by the light source and subsequently reflected by the backside surface, and a
processor operable to correlate an output from the photodetector with a distance to the

backside surface.

[0015] Various advantages can be obtained in some implementations. For example, the
non-uniform design presented by the target surface can be tailored to allow the
photodetector response curve to be modified in a particular way. Thus, in some
implementations, the non-uniform design presented by the target provides a
photodetector response curve that is more linear, that fits a specified analog-to-digital

(ADC) range, and/or that has a desired slope.

[0016] Other aspects, features and advantages will be readily apparent from the

following detailed description, the accompanying drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 illustrates an example of a proximity sensor.

[0018] FIGS. 2 and 3 illustrate examples of targets presenting a non-uniform design.
[0019] FIG. 4 illustrates response curves of a photodetector for various targets.

[0020] FIGS. 5 and 6 illustrate additional examples of targets presenting a non-uniform
design.

[0021] FIG. 7 illustrates response curves of a photodetector for various targets.

[0022] FIG. 8 is a flow chart of a method according to the present disclosure.

DETAILED DESCRIPTION

[0023] As illustrated in FIG. 1, a proximity sensor module 10 includes a light source 12

operable to produce light source, and a photodetector 14 operable to sense light of a
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wavelength (e.g., infra-red (IR), near IR, visible or ultraviolet (UV)) produced by the
light source 12. The light source 12 can be, for example, an LED, an OLED or a laser
chip. The photodetector 14 can be, for example, a photodiode. The light source 12 and
photodetector 14 can be implemented, for example, as integrated semiconductor dies. In
some cases, the module includes passive optical components to redirect light by
refraction and/or diffraction and/or reflection (e.g., a lens, a prism, a mirror). The light
source 12 and photodetector 14 are mounted and electrically coupled to a substrate 16
that, in turn, can be mounted and electrically coupled to a printed circuit board (PCB) 18
of a host device (e.g., a portable computing device such as a smartphone, tablet, wearable
device, personal digital assistant (PDA), or personal computer). The electrical
connections may be include one or more of die pads, surface mount connections, wire

bonds or solder balls, depending on the implementation.

[0024] In the illustrated example, the light source 12 and photodetector 14 are
surrounded laterally by a spacer or housing wall 20 that, in some cases, is opaque to the
wavelength(s) produced by the light source 12 and sensed by the photodetector 14. To
achieve maximum sensitivity and detection range, a close distance between the light
source 12 and the photodetector 14 can be important. For example, in some instances,
the center-to-center distance between the light source 12 and the photodetector 14 is less
than | mm. To avoid erroneous sensor response and a reduced dynamic range due to
internal crosstalk, optical isolation can be provided by a separation wall 22. The wall 22
separates the light source 12 and photodetector 14 from one another, which can help

reduce internal optical crosstalk.

[0025] The light source 12 is arranged to produce light that is emitted toward a target
surface, which in the illustrated example is the backside 25 of a touch interactive display
screen 24 in the host device. Some of the light reflected by the backside 25 of the display
screen 24 is sensed by the photodetector 14. When pressure is provided on the display
screen 24 (e.g., by a person pressing her finger on the screen), the display screen is
displaced slightly in the direction of the substrate 16 on which the light source 12 and

photodetector 14 are mounted. As a result of the displacement, the intensity of light
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detected by the photodetector 24 changes. The signal measured by the photodetector 24
can be correlated to a distance value. If the distance value is within a specified range (or
changes by at least a specified amount), for example, it can trigger some further action in

the host device.

[0026] The backside 25 of the interactive display screen 24 (i.e., the target) presents a
non-uniform design composed of at least one low reflectivity (e.g., black) region having
close to 0% reflectivity (e.g., R < 10%) and at least one high reflectivity (e.g., white)
region having close to 100% reflectivity (e.g., R > 90%) for the wavelength of light
emitted by the light source 12. In some cases, the non-uniform design includes one or
more grey-scale regions, each of which has a respective reflectivity between that of the
black and white regions (e.g., less than 90% and greater than 10%). Preferably, the non-
uniform design of the target has an area at least as large as the area encompassed by the
acceptance angle of the photodetector 24 for the maximum expected separation distance

between the backside 25 of the interactive display screen 24 and the substrate 16.

[0027] The non-uniform design presented by the target can be tailored to allow the
photodetector response curve to be modified in a particular way. For example, in some
implementations, the non-uniform design presented by the target can be tailored to
provide a photodetector response curve that is more linear, that fits a specified analog-to-

digital (ADC) range, and/or that has a desired slope.

[0028] FIG. 2 illustrates a first example of a non-uniform design 30 presented by the
backside 25 of the interactive display screen 24 or other target. The design 30 includes a
central circular white region 32 (i.e., close to 100% reflectivity)), an outer black region
34 (i.e., close to 0% reflectivity), and one or more grey-scale regions 36 each of which
has a reflectivity less than that of the white region 32, but greater than that of the black
region 34. In this example, the grey-scale regions 36 provide a transition in reflectivity
from the inner white region 32 to the outer black region 34. Thus, the reflectivity
transitions from about R > 90% at the center of the design to about R < 10% closer to the

periphery. The design 30 faces the module 10 and can be disposed, for example, so as to
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be substantially symmetrical with respect to the center of the design 30 (i.e., (X, y) = (0,
0) in FIG. 2). The response curve can be adjusted by controlling the gradient (slope) of

the grey scale between the black and white regions.

[0029] FIG. 3 illustrates a second example of a non-uniform design 40 presented by the
backside 25 of the interactive display screen 24 or other target. The design 40 includes a
central circular black region 42 (i.e., close to 0% reflectivity), an outer white region 44
(i.e., close to 100% reflectivity), and one or more grey-scale regions 46 each of which has
a reflectivity less than that of the white region 44, but greater than that of the black region
42. In this example, the grey-scale regions 46 provide a transition in reflectivity from the
inner black region 42 to the outer white region 44. Thus, the reflectivity transitions from
about R < 10% at the center of the design to about R > 90% closer to the periphery. The
design 40, which faces the module 10, can be disposed, for example, so as to be
substantially symmetrical with respect to the center of the design 40 (i.e., (X, y) = (0, 0) in
FIG. 3). The response curve can be adjusted by controlling the gradient (slope) of the

grey scale between the black and white regions.

[0030] FIG. 4 illustrates computer simulated response curves of the photodetector 14 for
a target having a uniform white design (i.e., R > 90%) (curve 100) or a uniform black
design (i.e., R < 10%) (curve 102). The curves show how the photodetector current

changes as a function of distance to the target changes.

[0031] FIG. 4 further illustrates simulated response curves of the photodetector 14 for a
target having a non-uniform design as in FIG. 2 (curve 104) or a non-uniform design as
in FIG. 3 (curve 106). These curves 104, 106 illustrate how the photodetector
responsivity can be modified by providing a target having a non-uniform design. For
example, the curve 104 indicates that the design 30 of FIG. 2 provides a steeper slope for
the photodetector responsivity, which can help achieve more accurate measurements. On
the other hand, the curve 106 indicates that the design 40 of FIG. 3 can help obtain a
more linear responsivity, which may allow the module 10 to be used over a greater range

of distances. In each case, the acceptance angle of the photodetector 14 and the distance
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to the target (e.g., the backside 25 of the display screen 24) — as well as the design

presented by the target — impact the amount of light sensed by the photodetector 14.

[0032] FIGS. 5 and 6 illustrate additional examples of non-uniform designs presented by
the backside 25 of the interactive display screen 24 or other target. These examples,
however, have a sharper transition between the black region (i.e., close to 0% reflectivity)
and white region (i.e., close to 100% reflectivity). Thus, the examples of FIGS. 5 and 6
do not include a gradient to transition between the black and white regions of the design.
Instead, the response curve can be tuned by adjusting the size (e.g., diameter) of the inner

region.

[0033] In particular, FIG. 5 illustrates a third example of a non-uniform design 50
presented by the backside 25 of the interactive display screen 24 or other target. The
design 50 includes a central circular white region 52 (i.e., close to 100% reflectivity))
surrounded by an outer black region 34 (i.e., close to 0% reflectivity. Thus, the
reflectivity changes abruptly from about R > 90% at the center of the design to about R <
10% closer to the periphery. The design 50 faces the module 10 and can be disposed, for
example, so as to be substantially symmetrical with respect to the center of the design 50

(i.e., (x, y) = (0, 0)in FIG. 5).

[0034] FIG. 6 illustrates a fourth example of a non-uniform design 60 presented by the
backside 25 of the interactive display screen 24 or other target. The design 60 includes a
central circular black region 62 (i.e., close to 0% reflectivity)) surrounded by an outer
white region 64 (i.e., close to 100% reflectivity. Thus, the reflectivity changes abruptly
from about R < 10% at the center of the design to about R > 90% closer to the periphery.
The design 60 faces the module 10 and can be disposed, for example, so as to be
substantially symmetrical with respect to the center of the design 60 (i.e., (X, y) = (0, 0) in
FIG. 6).

[0035] FIG. 7 illustrates the same computer simulated response curves of the

photodetector 14 as in FIG. 4 for a target having a uniform white design (i.e., R > 90%)
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(curve 100) or a uniform black design (i.e., R < 10%) (curve 102). FIG. 7 further
illustrates simulated response curves of the photodetector 14 for a target having a non-
uniform design as in FIG. 5 (curve 104A) or a non-uniform design as in FIG. 6 (curve
106A). These curves 104A, 106A illustrate how the photodetector responsivity can be
modified by providing a target having a non-uniform design. For example, the curve
104A indicates that the design 50 of FIG. 5 can provide a slope for the photodetector
responsivity that is even steeper than that of FIG. 4. On the other hand, the curve 106A
indicates that the design 60 of FIG. 6 can result in a response curve for the photodetector
14 that is even more linear than that achieved by the design 40 of FIG. 3. As noted
above, the acceptance angle of the photodetector 14 and the distance to the target (e.g.,
the backside 25 of the display screen 24) — as well as the design presented by the target —
impact the amount of light sensed by the photodetector 14.

[0036] Assuming the target presents the non-uniform design of FIG. 2 or FIG. 5 to the
module 10, then when the target is relatively close to the substrate 16 (e.g., when it is
displaced slightly by a person pressing down on the display screen), the photodetector 14
will collect light reflected by portions of the target closer to the central white region (i.e.,
32 or 52). In contrast, when the target is somewhat further away from the substrate 16,
the photodetector 14 also will collect light reflected by portions of the target further from
the central white region such as the grey-scale or black regions. This change will impact

the signal sensed by the photodetector 14.

[0037] Likewise, assuming the target presents the non-uniform design of FIG. 3 or FIG.
6 to the module 10, then when the target is relatively close to the substrate 16 (e.g., when
it is displaced slightly by a person pressing down on the display screen), the
photodetector 14 will collect light reflected by portions of the target closer to the central
black region (i.e., 42 or 62). In contrast, when the target is somewhat further away from
the substrate 16, the photodetector 14 also will collect light reflected by portions of the
target further from the central black region such as the grey-scale or white regions. This

change will impact the signal sensed by the photodetector 14.
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[0038] The signal(s) sensed by the photodetector 14 can be read out and processed by
circuitry 28 (FIG. 1) either in the module 10 itself or in the host device in which the
module is disposed. The circuitry 28 can be implemented, for example, as an integrated
circuit chip or other processor and may include software and/or a look-up table stored in
memory that allows the circuitry 28 to correlate the measured photodetector signal to a
distance. The correlation can be based, for example on an experimentally derived
mathematical formula or on data stored in a look-up table. The circuitry 28 also

facilitates control (e.g., turning on/off) of the light source 12.

[0039] In the foregoing examples of FIGS. 2, 3, 5 and 6, the design presented by the
target has a circular black or white region at the center of the design. This feature can be
advantageous, for example, for implementations in which the cross-section of the light
beam produced by the light source 12 is substantially circular. Non-uniform designs
composed of differently shaped black and white regions (and, in some cases, also grey-
scale regions) may be appropriate for other implementations. Further, the overall size of
the design presented to the photodetector by the target or the size of the different black,

white or grey-scale regions can differ from those illustrated in FIGS. 2, 3, 5 and 6.

[0040] In operation, as indicated by FIG. 8, light of a particular wavelength is emitted
toward a target surface having a non-uniform design that includes a high-reflectivity
region and a low-reflectivity region for light of the particular wavelength (200). At least
some of the light that was emitted by the light source and subsequently reflected by the
target surface is received in the photodetector 14 (202). An output from the

photodetector then is correlated with a distance to the target surface (204).

[0041] A particular example of an application for the proximity sensor module 10 is for
sensing the displacement of an interactive touch interface (e.g., display screen) of a
portable or other computing device (e.g., a smartphone, tablet, wearable device, PDA, or
personal computer). The techniques described here, however, also can be used in other
applications that involve detecting the distance to a displaceable element. Thus, for

example, the present techniques can be used to monitor a MEMs membrane in an audio

10
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speaker, which then can be tuned to correct for frequency distortions. The present
techniques also can be used in a feedback loop to provide autofocus based on the

displacement of a lens assembly in a camera module.

[0042] Various aspects of the subject matter and the functional operations described in
this specification (e.g., those relating to the circuitry 28) can be implemented in digital
electronic circuitry, or in computer software, firmware, or hardware, or in combinations
of them. Some features of the subject matter described in this specification can be
implemented as one or more computer program products, i.e., one or more modules of
computer program instructions encoded on a computer readable medium for execution
by, or to control the operation of, data processing apparatus. The computer readable
medium can be a machine-readable storage device, a machine-readable storage substrate,
a memory device, a composition of matter effecting a machine-readable propagated
signal, or a combination of one or more of them. The terms “data processing apparatus”
and “computer” encompasses all apparatus, devices, and machines for processing data,
including by way of example a programmable processor, a computer, or multiple

Processors or COIIlplltCI'S.

[0043] Computer readable media suitable for storing computer program instructions and
data include all forms of non-volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks or removable disks; magneto
optical disks; and CD ROM and DVD-ROM disks. The processor and the memory can

be supplemented by, or incorporated in, special purpose logic circuitry.
[0044] A number of implementations have been described. Nevertheless, various

modifications may be made without departing from the spirit and scope of the invention.

Accordingly, other implementations are within the scope of the claims.

11
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Claims:

1. An apparatus comprising:

a target surface having a non-uniform design including a high-reflectivity region
and a low-reflectivity region for light of a particular wavelength, wherein a position of
the target surface is displaceable within the apparatus;

a light source operable to emit light at the particular wavelength toward the target
surface;

a photodetector operable to sense at least some of the light emitted by the light
source and subsequently reflected by the target surface;

a processor operable to correlate an output from the photodetector with a distance

to the target surface.

2. The apparatus of claim 1 wherein the high-reflectivity region has a reflectivity R >

90%, and wherein the low-reflectivity region has a reflectivity R < 10%.

3. The apparatus of claim 1 or 2 wherein the high-reflectivity region is white, and

wherein low-reflectivity region is black.

4. The apparatus of any one of claims 1 to 3, wherein the high-reflectivity region is at a
center of the design, the high-reflectivity region being surrounded by the low-reflectivity

region.

5. The apparatus of any one of claims 1 to 3, wherein the low-reflectivity region is at a
center of the design, the low-reflectivity region being surrounded by the high-reflectivity

region.

6. The apparatus of any one of claims 1 to 5 wherein a response curve of the
photodetector, for different distances to the target surface, is more linear than if the target

surface had a uniform high- or low-reflectivity across the entirety of the target surface.

12
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7. The apparatus of any one of claims 1 to 5 wherein a response curve of the
photodetector, for different distances to the target surface, has a steeper slope than if the
target surface had a uniform high- or low-reflectivity across the entirety of the target

surface.

8. The apparatus of any one of claims | to 3 wherein the design includes at least one

grey-scale region.

9. The apparatus of claim 8 wherein the at least one grey-scale region has a reflectivity

10% < R <90%.

10. The apparatus of claim 8 or 9 wherein the high-reflectivity region is at a center of the
design, the high-reflectivity region being surrounded by the low-reflectivity region, and
wherein the at least one grey-scale region provides a transition from the high-reflectivity

region to the low-reflectivity region.

11. The apparatus of claim 8 or 9 wherein the low-reflectivity region is at a center of the
design, the low-reflectivity region being surrounded by the high-reflectivity region, and
wherein the at least one grey-scale region provides a transition from the low-reflectivity

region to the high-reflectivity region.

12. The apparatus of any one of claims 8 to 11 wherein a response curve of the
photodetector, for different distances to the target surface, is more linear than if the target

surface had a uniform high- or low-reflectivity across the entirety of the target surface.

13. The apparatus of any one of claims 8 to 11 wherein a response curve of the
photodetector, for different distances to the target surface, has a steeper slope than if the
target surface had a uniform high- or low-reflectivity across the entirety of the target

surface.
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14. The apparatus of any one of claims 1 to 13 wherein the design is symmetrical about a
center line, and wherein the light source and the photodetector are symmetrically

disposed with respect to the center line.

15. The apparatus of any one of claims 1 to 14 wherein an amount of light sensed by the

photodetector depends on an amount of displacement of the target surface.

16. The apparatus of any one of claims | to 15 wherein the target surface is a backside of

a touch interactive display screen.

17. A method comprising:

emitting light of a particular wavelength toward a target surface having a non-
uniform design that includes a high-reflectivity region and a low-reflectivity region for
light of the particular wavelength;

receiving in a photodetector at least some of the light that was emitted by the light
source and subsequently reflected by the target surface;

correlating an output from the photodetector with a distance to the target surface.

18. The method of claim 17 including repeating the emitting, receiving and correlating

after the target surface is displace from an initial position.

19. The method of claim 17 or 18 wherein the high-reflectivity region has a reflectivity R

> 90%, and wherein the low-reflectivity region has a reflectivity R < 10%.

20. The method of claim 17, 18 or 19 wherein the high-reflectivity region is white, and

wherein low-reflectivity region is black.
21. The method of any one of claims 17 to 20, wherein the high-reflectivity region is at a

center of the design, the high-reflectivity region being surrounded by the low-reflectivity

region.
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22. The method of any one of claims 17 to 20, wherein the low-reflectivity region is at a
center of the design, the low-reflectivity region being surrounded by the high-reflectivity

region.

23. The method of any one of claims 17 to 22 wherein a response curve of the
photodetector, for different distances to the target surface, is more linear than if the target

surface had a uniform high- or low-reflectivity across the entirety of the target surface.

24. The method of any one of claims 17 to 22 wherein a response curve of the
photodetector, for different distances to the target surface, has a steeper slope than if the
target surface had a uniform high- or low-reflectivity across the entirety of the target

surface.

25. The method of any one of claims 17 to 20 wherein the design includes at least one

grey-scale region.

26. The method of claim 25 wherein the at least one grey-scale region has a reflectivity

10% < R <90%.

27. The method of claim 25 or 26 wherein the high-reflectivity region is at a center of the
design, the high-reflectivity region being surrounded by the low-reflectivity region, and
wherein the at least one grey-scale region provides a transition from the high-reflectivity

region to the low-reflectivity region.

28. The method of claim 25 or 26 wherein the low-reflectivity region is at a center of the
design, the low-reflectivity region being surrounded by the high-reflectivity region, and
wherein the at least one grey-scale region provides a transition from the low-reflectivity

region to the high-reflectivity region.
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29. The method of any one of claims 25 to 28 wherein a response curve of the
photodetector, for different distances to the target surface, is more linear than if the target

surface had a uniform high- or low-reflectivity across the entirety of the target surface.

30. The method of any one of claims 25 to 28 wherein a response curve of the
photodetector, for different distances to the target surface, has a steeper slope than if the
target surface had a uniform high- or low-reflectivity across the entirety of the target

surface.

31. A host device comprising:

a touch interactive display screen having a backside surface that has a non-
uniform design including a high-reflectivity region and a low-reflectivity region for light
of a particular wavelength, wherein a position of the backside surface is displaceable
within the host device;

a light source operable to emit light at the particular wavelength toward the
backside surface;

a photodetector operable to sense at least some of the light emitted by the light
source and subsequently reflected by the backside surface;

a processor operable to correlate an output from the photodetector with a distance

to the backside surface.

32. The host device of claim 31 wherein the touch interactive display screen is part of

smartphone.
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