L[GHT-BASED TOUCH SCREEN FIELD OF THE INVENTION [0001]The field of the present invention
is touch screens for computers. BACKGROUND OF THE INVENTION [0002]Conventional touch
screens are capacitance-based or resistance- based. These touch screens provide user interfaces
through which a user enters input to a computing device by touching a screen at a selected location,
with a stylus or with his finger. [0003]Convent|onal touch screens are generally large. When space is
at a premium, such as with small harndkeid elfiges wemtional touch screens are limited
to only a few user inputs. Moreover, these inputs are not accurately interpreted when the user does
not use a stylus. [0004]Conventional touch screens are also limited as to the types of user

FIELD OF THE INVENTION

[0001] The field of the present invention is touch screens for computers.

BACKGROUND OF THE INVENTION

[0002] Conventional touch screens are capacitance-based or resistance-
based. These touch screens provide user interfaces through which a user
enters input to a computing device by touching a screen at a selected
location, with a stylus or with his finger.

[0003] Conventional touch screens are generally large. When space is at a
premium, such as with small handheld electronic devices, conventional
touch screens are limited to only a few user inputs. Moreover, these inputs
are not accurately interpreted when the user does not use a stylus.

[0004] Conventional touch screens are also limited as to the types of user
inputs that they can recognize. For example, conventional touch screens
are unable to distinguish between a soft tap and a hard press. Conventional
touch screens are unable to recognize fast repeated tapping on the same
screen locations. Conventional touch screens are unable to recognize
gestures made by a finger or stylus that moves continuously across a touch
screen.

[0005] It would thus be of advantage to produce touch screens that
recognize single soft taps, repeated soft taps, presses, and gestures, for

both large and small screens.



inputs that they can recognize. For example, conventional touch screens are unable to distinguish
between a soft tap and a hard press. Conventional touch screens are unable to recognize fast
repeated tapping on the same screen locations. Conventional touch screens are unable to recognize
gestures made by a finger or stylus that moves continuously across a touch screen. [0005]It would
thus be of advantage to produce touch screens that recognize single soft taps, repeated soft taps,
presses, and gRGHNRS: 9 Ak Ipreand$Res screens. SUMMARY OF THE DESCRIPTION
[0006]Aspects of the present invention relate to touch screens that operate by measuring light
intensities eifiie by Asipectsl tfHoernhtsgrlidaeentieDsElatelict totish rfeneprRdthatiouch screens,

which are resistance:based or capacitance- aseg., embogm ts of the present in ' se light

beams, 1008PRE %%&np%ao%ﬁfg éﬁg%%)ur} CeR/ErSars ¢ |§?r$0rh?’e51 ér}%u%g(? t 'gﬁp#e%ﬁnﬂégﬁ f a touch
screen. Thedi&dRss qecess)rofiaciistia coieroprope $sos taseleniviely @adinighitod the PD receivers
are controlled by the microprocessor to selectively measure Iia_ht intensities. The light emitted by the

LEDs is pro[@&iedanfaasskasraBRasiaaeredsporRo A ELErERSIRGSaR Hhe projected light
obstructs sqwe?]ftf%qbl;%t%t e{{g@ rg@&t}igg the PD receivers. The corresponding decrease in light

intensities measure receivers enables determination of the object's position.
[0007] LEDs and photodiode (PD) receivers are distributed around the

perimeter of a touch screen. The LEDs are controlled by a microprocessor
to selectively emit light, and the PD receivers are controlled by the
microprocessor to selectively measure light intensities. The light emitted by
the LEDs is projected by a lens assembly over the touch screen. An object
crossing into the projected light obstructs some of the light from reaching
the PD receivers. The corresponding decrease in light intensities measured
by the PD receivers enables determination of the object’s position.

[0008] In accordance with embodiments of the present invention, the lens
assembly projects light onto parallel planes at multiple heights over the
touch screen. In turn, the light intensities measured by the PD receivers
enable detection of objects that touch the screen and also objects that are
above the screen and nearly touching the screen. By measuring light
intensities over time, the motion over time of objects that are nearly
touching the screen is also determined. Moreover, determination of motion
over time enables derivation of objects’ velocity vectors.

[0009] The touch screen of the present invention is able to recognize and
distinguish still user inputs and motion-based user inputs made by a user’s
finger, including inter alia a single soft tap on the screen, multiple soft taps
on the screen, a hard press on the screen, multiple hard presses on the
screen, a directional gesture, such as a rightward moving swipe on the
screen, and a figurative gesture such as sliding a finger over the screen in

the shape of an “s” or an asterisk “*”. The touch screen of the present



[0008]In accordance with embodiments of the present invention, the lens assembly projects light onto
parallel planes at multiple heights over the touch screen. In turn, the light intensities measured by the
PD receivers enable detection of objects that touch the screen and also objects that are above the
screen and nearly touching the screen. By measuring light intensities over time, the motion over time
of objects that are nearly touching the screen is also determined. Moreover, determination of motion

over time engblas:RIvatpsL0h Bliag s elaritye/ eesiiso HOSAH heoleyRb serefireftipsesent

invention is able to recognize and distinguish still user inputs and motion-based user inputs made by a
user's fingeRbiekidiE iHtangmw al sikguchitotdpoaareestreen, multiple soft taps on the screen, a hard
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moving swi n‘the scréen, an igurative gesture such as sliding a finger over the screen in the
shape of anjrg)uar @evastesist ‘@ doepiotidispragedafitee miesmhdénweitiodiraaite ablehto recognize
positions and motions of more than one object simultaneously touching the screen. [0010]The touch
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touch-based:omptstaray be logged and post-processed by
[0011] The user touch-based inputs may be logged and post-processed by
a data processor. An application of this is a touch-based storefront window,
whereby touch-based inputs from passersby are logged and analyzed to
derive information about consumer interest in a storefront showcase
display.
[0012] In some embodiments of the present invention, LEDs are arranged
along two adjacent edges of the touch screen, and PD receivers are
arranged along the other two adjacent edges. In other embodiments of the
present invention, four LEDs are positioned at the corners of the touch
screen, and PD receivers are arranged along the edges.
[0013] In some embodiments of the present invention, the LEDs are
connected as a matrix to LED row drivers that select rows and LED column
drivers that select columns. As such, a designated LED is activated by
appropriately setting its corresponding row and column drivers. Such a
connection significantly reduces the number of IO connectors required,
thereby reducing the cost of materials for the touch screen. Similarly, the
PD receivers may be connected as a matrix to PD row selectors and PD
column selectors.
[0014] Thus the present invention provides touch screens suitable for both
small and large electronic devices. Devices that use touch screens of the
present invention, such as mobile phones, do not required keypads since

the touch screens themselves may serve as keypads.



a data processor. An application of this is a touch-based storefront window, whereby touch-based
inputs from passersby are logged and analyzed to derive information about consumer interest in a
storefront showcase display. [0012]In some embodiments of the present invention, LEDs are arranged
along two adjacent edges of the touch screen, and PD receivers are arranged along the other two
adjacent edagadn other empodimens afe presebinvanion, BHohERRE oS iogetha! the
corners of thetouch screen, and receivers are arranged along the edges. f In some
embodimenisre§ée presenionveniift-teskBDswtk sorseciddaa dimatrikonsiBd fowadrivers that
select rows and LED column drivers that select columns. As such, a designated LED is activated by
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thus provided i ARSOEFsISWERD AR epPPAEPeNte?sstened on the housing, for

measuring light intensity, at least one PD selector, fastened on the housing

and connected with the plurality of PD receivers, for controllably selecting
and deselecting one or more of the plurality of PD receivers, an optical
assembly, fastened on the housing, for projecting light beams emitted by
the plurality of LEDs in substantially parallel planes over the housing, and a
controller, fastened on the housing and coupled with the plurality of PD
receivers, (i) for controlling the at least one LED selector, (ii) for controlling
the at least one PD selector, and (iii) for determining therefrom position and
velocity of an object crossing at least one of the substantially parallel
planes, based on output currents of the plurality of PD receivers.

[0016] There is additionally provided in accordance with an embodiment of
the present invention a method for a light-based touch screen, including
controlling a plurality of light-emitting diodes (LEDs) to select and deselect
at least one of the LEDs, whereby a selected LED emits infra-red light
beams, controlling a plurality of photodiode (PD) receivers to select and
deselect at least one of the PD receivers, whereby a selected PD measures
received light intensity, and determining position and velocity of an object
obstructing light from at least one of the PD receivers, based on output
currents of the plurality of PD receivers.

[0017] There is further provided in accordance with an embodiment of the
present invention a touch screen, including a housing for a display screen, a
plurality of sensors, fastened on the housing, for sensing location of an

object touching the display screen, and a controller, fastened on the housing
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present invention a light-based touch screen, including a housing for a display screen, a plurality of
infra-red light emitting diodes (LEDSs), fastened on the housing, for generating light beams, at least one
LED selector, fastened on the housing and connected with the plurality of LEDs, for controllably
selecting and deselecting one or more of the plurality of LEDs, a plurality of photodiocle (PD)
receivers, fastened on the housing, for measuring light intensity, at least one PD selector, fastened on

the housing 4yl canpRESFIVARHE S RIVENEY 6f BENERSRIVRSS AeE TN kabil setaeitagiand deselecting

one or more of the plurality of PD receivers, an optical assembly, fastened on the housing, for

projecting ligenisednty dhrtey byl e ¢l weinspos Lamsk fiarsdekeamiaip  Ahar@prind2osiéese housing,
and a contraller, fastened on the housi d coupled, wi ality of jvers, (i) for
controlling the BY 85t ORET RPYI SRR '(ﬂ%’{?%%%%g%ﬁo\#%@ﬂﬁegﬁIﬁeéag?éoér?gi%égé%}dtor, and (iii) for

determining therefrom position and velocity of an object crossing at least one of the substantially
parallel planes, based on output currents of the plurality of PD receivers. 100161There is additionally
provided in accordance with an embodiment of the present invention a method for a light-based touch
screen, including controlling a plurality of light-emitting diodes (LEDSs) to select and deselect at least
one of the LEDs, whereby a selected LED emits infra-red light beams, controlling a plurality of
photodiode (PD) receivers to select and deselect at least one of the PD receivers, whereby a selected
PD measures received light intensity, and determining position and velocity of an object obstructing
light from at least one of the PD receivers, based on output currents of the plurality of PD receivers.
[00171There is further provided in accordance with an embodiment of the present invention a touch
screen, including a housing for a display screen, a plurality of sensors, fastened on the housing, for
sensing location of an object touching the display screen, and a controller, fastened on the housing 4
and coupled with the plurality of sensors, for receiving as input locations sensed by the plurality of
sensors, and for determining therefrom positions of two or more objects simultaneously touching the
display screen.



BRIEF DESCRIPTION OF THE DRAWINGS [0018]The present invention will be more fully understood
and appreciated from the following detailed description, taken in conjunction with the drawings in
which: [0019]FIG. 1 is a diagram of a touch screen having 16 LEDs and 16 PDs, in accordance with an
embodiment of the present invention; [0020]FIGS. 2A - 2C are diagrams of a touch screen that detects
two objects that touch the screen simultaneously, in accordance with an embodiment of the present

invention; [0921HF BRs2h ARl AR Atpd IR Bfedch screen that detects a two finger glide
movement, In accordance with an embodiment of the present invention;

[0018] The present invention will be more fully understood and
appreciated from the following detailed description, taken in conjunction
with the drawings in which:

[0019] FIG. 1 is a diagram of a touch screen having 16 LEDs and 16 PDs,
in accordance with an embodiment of the present invention;

[0020] FIGS. 2A - 2C are diagrams of a touch screen that detects two
objects that touch the screen simultaneously, in accordance with an
embodiment of the present invention;

[0021] FIGS. 3A and 3B are diagrams of a touch screen that detects a
two finger glide movement, in accordance with an embodiment of the
present invention;

[0022] FIGS. 4A - 4C are diagrams of a touch screen for a piano
keyboard simulator, that detects multiple keys of a displayed piano
keyboard that are touched simultaneously, in accordance with an
embodiment of the present invention;

[0023] FIG. 5 is a circuit diagram of the touch screen from FIG. 1, in
accordance with an embodiment of the present invention;

[0024] FIG. 6A is a simplified block diagram of electronics for a touch
screen, in accordance with an embodiment of the present invention;
[0025] FIG. 6B is a simplified block diagram of alternate electronics for
touch screen, in accordance with an embodiment of the present invention;
[0026] FIG. 7 is a simplified circuit diagram of an exemplary central
processing unit for use with the touch screens of FIG. 6A and 6B, in
accordance with an embodiment of the present invention;

[0027] FIG. 8 is a diagram of a shift register for an array of 16 LEDs, in
accordance with an embodiment of the present invention;

[0028] FIG. 9 is an illustration of a waveform for activating LEDs, in

accordance with an embodiment of the present invention;



[0022]FIGS. 4A - 4C are diagrams of a touch screen for a piano keyboard simulator, that detects
multiple keys of a displayed piano keyboard that are touched simultaneous/yr in accordance with an
embodiment of the present invention; [0023]FIG. 5 is a circuit diagram of the touch screen from FIG. 1,
in accordance with an embodiment of the present invention; [00241FIG. 6A is a simplified block
diagram of electronics for a touch screen, in accordance with an embodiment of the present invention;

[00251FIG. Gfisy 2 sigpdfiefgplack diagram YrleuIaia sladmniphirrdoraesonackuarcaigance

with an embodiment of the present invéntion; [00261FIG. 7 is a simplified circuit diagram of an
exemplary dentralorners of the screen, and plural PDs are arranged along the four sides

of the screen, in accordance with an embodiment of the present invention;
[0030] FIG. 11 is a diagram of an LED driver matrix for a touch screen, in
accordance with an embodiment of the present invention;

[0031] FIG. 12 is a diagram of LED switches, in accordance with an
embodiment of the present invention;

[0032] FIG. 13A is a diagram of a current limiter, used for limiting and
directing current to LEDs, in accordance with an embodiment of the present
invention;

[0033] FIG. 13B is a diagram of an alternative current limiter, used for
limiting and directing current to LEDs, in accordance with an embodiment of
the present invention;

[0034] FIG. 14 is a diagram of a shift register for an array of 16 PDs, in
accordance with an embodiment of the present invention;

[0035] FIG. 15 is an illustration of a waveform for activating selected PDs,
in accordance with an embodiment of the present invention;

[0036] FIG. 16 is a diagram of a photodiode matrix for a touch screen, in
accordance with an embodiment of the present invention;

[0037] FIG. 17 is a diagram of a PD output selector for use in a touch
screen, in accordance with an embodiment of the present invention;

[0038] FIG. 18A is a diagram of a resistor-based current integrator used
in conjunction with PD receivers in a touch screen, in accordance with an
embodiment of the present invention;

[0039] FIG. 18B is a diagram of a transistor-based current integrator
used in conjunction with PD receivers in a touch screen, in accordance with
an embodiment of the present invention;

[0040] FIG. 19 is an illustration of current integration over time, in

accordance with an embodiment of the present invention;



processing unit for use with the touch screens of FIG. 6A and 613, in accordance with an embodiment
of the present invention; [0027]FIG. 8 is a diagram of a shift register for an array of 16 LEDs, in
accordance with an embodiment of the present invention; [0028]FIG. 9 is an illustration of a waveform
for activating LEDs, in accordance with an embodiment of the present invention; [0029]FIG. 10 is a
diagram of a touch screen with four LEDs placed in the four corners of the screen, and plural PDs are

arranged alggigiife fopt gidepatiiesieisinel ACRRINRRCS M haRHRSa e IPBthiimBewent

invention; [0030]FIG. 11 is a diagram of an LED driver matrix for a touch screen, in
accordance with an embodiment of the present invention;
[0042] FIG. 21 is an illustration of measuring ambient light by summing
pulses when an LED is on and subtracting pulses when the LED is off, in
accordance with an embodiment of the present invention;
[0043] FIG. 22 is a simplified flowchart of an alternative method for PD, in
accordance with an embodiment of the present invention;
[0044] FIG. 23A is a circuit diagram of a signal filter and amplifier, used
for PDs arranged along one edge of a touch screen, in accordance with an
embodiment of the present invention;
[0045] FIG. 23B is a circuit diagram of an alternative signal filter and
amplifier circuit, using an OP amplifier, in accordance with an embodiment
of the present invention;
[0046] FIG. 24 is a diagram of a prior art lens assembly for an LED and
PD;
[0047] FIGS. 25A is a diagram of a lens assembly for use with LEDs and
PDs for a touch screen, in accordance with an embodiment of the present
invention;
[0048] FIG. 25B is a diagram of a lens assembly for distributing two
groups of light beams, in accordance with an embodiment of the present
invention;
[0049] FIGS. 26A and 26B are diagrams of simplified lens assemblies
corresponding to the respective lens assemblies of FIGS. 25A and 25B, in
accordance with an embodiment of the present invention;
[0050] FIG. 27 shows three-dimensional measurements of light intensities
over the surface of a touch screen, in accordance with an embodiment of
the present invention;
[0051}] FIG. 28 is an illustration of a touch screen with three-dimensional
sensing functionality, in accordance with an embodiment of the present

invention;



accordance with an embodiment of the present invention; [0031]FIG. 12 is a diagram of LED switches,
in accordance with an embodiment of the present invention; [0032]FIG. 13A is a diagram of a current
limiter, used for limiting and directing current to LEDSs, in accordance with an embodiment of the
present invention; [0033]FIG. 13B is a diagram of an alternative current limiter, used for limiting and
directing current to LEDs, in accordance with an embodiment of the present invention; [0034]FIG. 14 is

a S;%r:;h ofds2]ift regigierdor Rnuagiapaf b StRtiHyassriAaREayHE AreABINEd mRRIsef the present
by a PD receiver corresponding to proximity of an object to a touch screen
surface, in accordance with an embodiment of the present invention;

[0053] FIGS. 30A is a simplified illustration of a handset with a touch
screen, in accordance with an embodiment of the present invention;

[0054] FIG. 30B is a simplified illustration of a pattern of dots projected
into the space above a touch screen, in accordance with an embodiment of
the present invention;

[0055] FIG. 30C is a simplified illustration showing how the density of a
pattern projected by a projector in the space above a touch screen, and
reflected by an object, is dependent upon the distance of the object from a
projector, in accordance with an embodiment of the present invention;
[0056] FIGS. 30D and 30E are simplified illustrations of patterns of digits
projected into the space above a touch screen, in accordance with an
embodiment of the present invention;

[0057] FIG. 31 is an illustration of use of a touch screen for processing
finger motions as input to a computer, in accordance with an embodiment of
the present invention; and

[0058] FIG. 32 is a simplified illustration of a touch sensitive display case
containing items of merchandise, in accordance with an embodiment of the

present invention.



[0035]FIG. 15 is an illustration of a waveform for activating selected PDs, in accordance with an
embodiment of the present invention; [0036]FIG. 16 is a diagram of a photodiode matrix for a touch
screen, in accordance with an embodiment of the present invention; [0037]FIG. 17 is a diagram of a
PD output selector for use in a touch screen, in accordance with an embodiment of the present

invention; [ Ezﬂ&z & %Eg&q@pfaw of a resistor-based current integrator used in conjunction with
PD receive rdance with an embodiment of the present invention;

[0039]FIG. 1665 a dIAgp@aftgfoﬁ tiee gistrebased eutientrielegraionight-based touch
screens. According to embodiments of the present invention, a light-based
touch screen includes a plurality of infra-red light-emitting diodes (LEDs)
and a plurality of photodiodes (PDs) arranged along the perimeter
surrounding the screen. The LEDs project light substantially parallel to the
screen surface, and this light is detected by the PDs. An object, such as a
finger, placed over a portion of the screen blocks some of the light beams,
and correspondingly some of the PDs detect less light intensity. The
geometry of the locations of the PDs, and the light intensities they detect,
suffice to determine screen coordinates of the object. The LEDs and PDs are
controlled for selective activation and de-activation by a controller.
Generally, each LED and PD has I/0 connectors, and signals are transmitted
to specify which LEDs and which PDs are activated.

[0060] In one embodiment of the present invention, plural LEDs are
arranged along two adjacent sides of a rectangular screen, and plural PDs
are arranged along the other two adjacent sides. In this regard, reference
is now made to FIG. 1, which is a diagram of a touch screen 100 having 16
LEDs 130 and 16 PDs 140, in accordance with an embodiment of the
present invention. The LEDs 130 emit infra-red light beams across the top
of the touch screen, which are detected by corresponding PD receivers that
are directly opposite the LEDs. When an object touches touch screen 100,
it blocks light from reaching some of PD receivers 140. By identifying, from
the PD receiver outputs, which light beams have been blocked by the
object, the object’s position can be determined.

[0061] Reference is now made to FIGS. 2A - 2C, which are diagrams of a
touch screen that detects two objects, 10 and 20, that touch the screen
simultaneously, in accordance with an embodiment of the present invention.
Objects 10 and 20, which are touching the screen, block light from reaching

some of PD receivers 140. In accordance with an embodiment of the
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used in conjunction with PD receivers in a touch screen, in accordance with an embodiment of the
present invention; [0040]FIG. 19 is an illustration of current integration over time, in accordance with
an embodiment of the present invention; [0041]FIG. 20 is a simplified flowchart of a method for PD
sampling, in accordance with an embodiment of the present invention; [0042]FIG. 21 is an illustration

T R BRI o OS50 A 20 e e

flowchart of gy alteaiiy émestddiier iRRaired beams that the objects block. In
distinction, prior art resistance-based and capacitance-based touch screens
are unable to detect more than one object simultaneously touching the
screen.
[0062] When two or more objects touch screen 100 simultaneously along
a common horizontal or vertical axis, the positions of the objects are
determined by the PD receivers 140 that are blocked. Objects 10 and 20
in FIG. 2A are aligned along a common vertical axis and block substantially
the same PD receivers 140 along the bottom edge of touch screen 100;
namely the PD receivers marked a, b, c and d. Along the left edge of touch
screen, two different sets of PD receivers 140 are blocked. Object 10
blocks the PD receivers marked e and f, and object 20 blocks the PD
receivers marked g and h. The two objects are thus determined to be
situated at two locations. Object 10 has screen coordinates located at the
intersection of the light beams blocked from PD receivers a - d and PD
receivers e and f; and object 20 has screen coordinates located at the
intersection of the light beams blocked from PD receivers a — d and PD
receivers g and h.
[0063] Objects 10 and 20 shown in FIGS. 2B and 2C are not aligned
along a common horizontal or vertical axis, and they have different
horizontal locations and different vertical locations. From the blocked PD
receivers a — h, it is determined that objects 10 and 20 are diagonally
opposite one another. They are either respectively touching the top right
and bottom left of touch screen 100, as illustrated in FIG. 2B; or else
respectively touching the bottom right and top left of touch screen 100, as
illustrated in FIG. 2C.
[0064] Discriminating between FIG. 2B and FIG. 2C is resolved by either
(i) associating the same meaning to both touch patterns, or else (ii) by

associating meaning to only one of the two touch patterns. In case (i), the
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accordance with an embodiment of the present invention; [0044]FIG. 23A is a circuit diagram of a
signal filter and amplifier, used for PDs arranged along one edge of a touch screen, in accordance with
an embodiment of the present invention; [0045]FIG. 235 is a circuit diagram of an alternative signal
filter and amplifier circuit, using an OP amplifier, in accordance with an embodiment of the present
invention; [0046]FIG. 24 is a diagram of a prior art lens assembly for an LED and PD; [0047]FIGS. 25A

is a diagram f 4 1aR%,8s3eMeHEr YsesithbRRsapd s fRu2 SeentpeieeRe IBReeRI@FNCe with an

embodiment of the present invention;
both touch patterns FIG. 2B and FIG. 2C are the same. For example,
touching any two diagonally opposite corners of touch screen 100 operates
to unlock the screen. In case (ii), the UI arranges its icons, or is otherwise
configured, such that only one of the touch patterns FIG. 2B and FIG. 2C
has a meaning associated therewith. For example, touching the upper right
and lower left corners of touch screen 100 operates to unlock the screen,
and touch the lower right and upper left of touch screen 100 has no
meaning associated therewith. In this case, the UI discriminates that FIG.
2B is the correct touch pattern.
[0065] Reference is now made to FIGS. 3A and 3B, which are diagrams of
a touch screen that detects a two finger glide movement, in accordance with
an embodiment of the present invention. The glide movement illustrated in
FIGS. 3A and 3B is a diagonal glide that brings objects 10 and 20 closer
together. The direction of the glide is determined from changes in which PD
receivers 140 are blocked. As shown in FIGS. 3A and 3B, blocked PD
receivers are changing from a and b to PD receivers 140 more to the right,
and from ¢ and d to PD receivers 140 more to the left. Similarly, blocked
PD receivers are changing from e and f to PD receivers 140 more to the
bottom, and from g and h to PD receivers 140 more to the top. For a glide
in the opposite direction, that moves objects 10 and 20 farther apart, the
blocked PD receivers change in the opposite directions.
[0066] When objects 10 and 20 are aligned in a common vertical or
horizontal axis, there is no ambiguity in identifying glide patterns. When
objects 10 and 20 are not aligned in a common vertical or horizontal axis,
there may be ambiguity in identifying glide patterns, as illustrated in FIGS.
3A and 3B. In case of such ambiguity, and as described hereinabove with
reference to FIGS. 2B and 2C, discriminating between FIG. 3A and FIG.

3B is resolved by either (i) associating the same meaning to both glide
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[0048]FIG. 255 is a diagram of a lens assembly for distributing two groups of light beams, in
accordance with an embodiment of the present invention; [0049]FIGS, 26A and 26B are diagrams of
simplified lens assemblies corresponding to the respective lens assemblies of FIGS. 254 and 255, in
accordance with an embodiment of the present invention; [0050]FIG. 27 shows three-dimensional

embodmor DBY I Bree SRR B 00RO 0 A Ay AL oh ar o e ey

three-dimensipehsensing functionality, in accordance with an embodiment of the present invention;
[0067] It will be appreciated by those skilled in the art that the present
invention also identifiers three or more objects that are simultaneously
touching touch screen 100. Reference is now made to FIGS. 4A - 4C,
which are diagrams of a touch screen for a piano keyboard simulator, that
detects multiple keys of a displayed piano keyboard that are touched
simultaneously, in accordance with an embodiment of the present invention.
The touch screen in FIGS. 4A - 4C has a different layout than the touch
screen in FIGS. 1 - 3. Piano keys are displayed along a horizontal axis. As
such, touch positions along the horizontal axis correspond to keys of the
keyboard. The black keys are identified by their positions that straddle two
white keys.
[0068] The hand shown in FIG. 4A is playing three white keys, and
correspondingly the PD receivers denoted a - f are blocked. The hand
shown in FIG. 4B is playing two white keys and one black key, and
correspondingly a different plurality of PD receivers, also denoted a - f, are
blocked. The hand shown in FIG. 4C is playing four white keys with three
fingers. The same PD receivers a - f as in FIG. 4B are blocked in FIG. 4C.
In this case, the PD receivers along the right edge of touch screen 100
discriminate between FIG. 4B and FIG. 4C; namely, PD receivers g, h and
i are blocked in FIG. 4B, where PD receivers g and h are blocked in FIG.
4C. Blocked PD receiver i in FIG. 4B indicates a depth corresponding to a
black piano key.
[0069] Reference is how made to FIG. 5, which is a circuit diagram of
touch screen 100 from FIG. 1, in accordance with an embodiment of the
present invention. The LEDs 130 and PDs 140 are controlled by a
controller, shown in FIG. 6A. The LEDs receive respective signals LEDOO -
LED15 from LED switches A, and receive current from VROW and VCOL

through current limiters B. Operation of LED switches A is described with
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[0052]FIG. 29 is a graph illustrating different light intensities measured by a PD receiver corresponding
to proximity of an object to a touch screen surface, in accordance with an embodiment of the present
invention; [0053]FIGS. 30A is a simplified illustration of a handset with a touch screen, in accordance
with an embodiment of the present invention; [0054]FIG. 30B is a simplified illustration of a pattern of
dots projected into tile space above a touch screen, in accordance with an embodiment of the present

invention; [QalE|Re30CPEE SiBplipd tusirrlpt sheningrhrerhe denaicpiraalieim projected by

a projector in the space above a touch screen, and reflected by an object, is dependent upon the
distance of tiedavbject frorFEGH0jédtbr AnchdcbRdaite Hibsare eave dieseectiMd sigralsntiléntion;

[OOSG]HGS'—?’IQBI%DQrgr%Es rﬁ—;tsljgn ||:~i; iglg 5!'58” agw(s)ggdouatt%rrslgr?g gcixggtsantroller 150, via
signals PDROW and PDCOL.
[0070] According to one embodiment of the present invention, the LEDs
are controlled via a first serial interface, which transmits a binary string to a
shift register 110.  Each bit of the binary string corresponds to one of the
LEDs, and indicates whether to activate or deactivate the corresponding
LED, where a bit value “1” indicates activation and a bit value “0” indicates
deactivation. Successive LEDs are activated and deactivated by shifting the
bit string within shift register 110. Operation of shift register 110 is
described with reference to FIG. 8.
[0071]  Similarly, the PDs are controlled by a second serial interface, which
transmits a binary string to a shift register 120. Successive PDs are
activated and deactivated by shifting the bit string in shift register 120.
Operation of shift register 120 is described with reference to FIG. 14.
[0072] According to another embodiment of the present invention, shown
in FIG. 11, the LEDs are logically arranged in a matrix with signals
controlling each row and each column in the LED matrix. Each LED matrix
signal is connected to a separate pin of a controller. Similarly, as shown in
FIG. 16, the PDs may be logically arranged in a matrix with signals
controlling each row and each column in the PD matrix.
[0073] The ensuing description addresses (1) the electronics, (2) the

optics, and (3) applications of touch screen 100.
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projected into the space above a touch screen, in accordance with an embodiment of the present
invention; [0057]FIG. 31 is an illustration of use of a touch screen for processing finger motions as
input to a computer, in accordance with an embodiment of the present invention; and [0058]FIG. 32 is
a simplified illustration of a touch sensitive display case containing items of merchandise, in

accordance with ap.empodiment ff1e esent invention. DETAILED DESCRIPTION [0059]Aspects
of the present if‘r\'/e%&ﬁ)% Fglﬁf(g?oq?g Rﬁ'a%é'é??orlfc%ns@ré)e&ns. According to embodiments of the present

invention, afighipasetbiruehcseendnchideiad FEGYEA jnfraitedidghsrnpligdiisidek (LEDs) and a
plurality of photodiodes (PDs) arranged along the perimeter surrounding the screen. The LEDs project

light s_ubstatﬁliéﬂj?ﬁfﬂrﬁlﬁéf'ﬁﬁﬂﬁ_@@@l%@f&% seiRethit AQnd i 2eterdedss WitPBR. An object, such
as a finger, plagedhpwer@ BPHn AlleRciara IR ReUBALIG G BA S AfKhcgLrespondingly
S detect less light .

some of the intensity. The geometry of the locations of the PDs, and the light
intensities theyalatentdaisfficshto etelietminelseies A O ditdtks erfib e abiest of fvef ta=Badahgh®Ds are
controlled for selective activation and de-activation by a controller. Generallﬁ each LE|[§ &n\yd FD has

/0 connect8Rd ARPagiadesd iy 45 SEIGUEHRIEDEDS ahbiltihtA PBESTE

activated in a controlled manner by a controller 150, via LED selectors 160
and LED switches A. Current is supplied to LEDs 130 by current limiters B
shown in FIGS. 5 and 6A. Each LED requires approximately 2 amps of
current, whereas each LED selector 160 only supplies a few milliamps. As
such, each LED selector activates an LED switch A that supplies sufficient
current. Operation of LED switches A is described with reference to FIG.
12. Operation of current limiters B is described with reference to FIGS.
13A and 13B.

[0075] Controller 150 also selectively filters PDs 140 in a controlled
manner, via PD selectors 170. PDs 140 are selectively activated by PD
selectors 170, which activate one of the PDs. The signal from the activated
PD is transmitted back to controller 150 via a current integrator 180, which
then determines whether or not one or more objects are placed over touch
screen 100 and, if so, the positions of the objects. According to an
embodiment of the present invention, the signal from the activated PD is
transmitted to a signal filter and amplifier 175. The output of signal filter
and amplifier 175 is transmitted back to controller 150, which then
determines whether or not one or more objects are placed over touch
screen 100 and, if so, the positions of the objects. Operation of signal filter
and amplifier 175 is described with reference to FIGS. 23A and 23B.
Operation of current integrator 180 is described with reference to FIGS.
18A and 18B.

[0076] Reference is now made to FIG. 6B, which is a simplified block

diagram of alternate electronics for touch screen 100, in accordance with an
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[0060]In one embodiment of the present invention, plural LEDs are arranged along two adjacent sides
of a rectangular screen, and plural PDs are arranged along the other two adjacent sides. In this
regard, reference is now made to FIG. 1, which is a diagram of a touch screen 100 having 16 LEDs
130 and 16 PDs 140, in accordance with an embodiment of the present invention. The LEDs 130 emit

infra-red light beams across the top of the.touch screen, whjch are de orresponding PD
receivers thﬁmg Pé%ﬂ&%%ﬁ%@iﬁpﬂf'@ﬁ%ﬁsv. " gﬂ'aeriJ BBjé&?%SEﬂé’sﬁg%gﬁé%‘? ggs it blocks light
from reachipggema phMBpRSEYELY 34Q:fy idsyEldag Jifenfrite) RIsaeg iver orsp D, awtishtight

beams have been blocked by the object, the object's position can be determined. [0061]Reference is
now made t8igN@IS. 21 -the atisience @ tirgrinteses folith stackM e FaAsImPYHRERst 10 and

20, that touch the screen simultan [¥,.in 0 i . ent invention.
Objects 10 EIEI% A ,”v%‘ i%ﬂgg% éucéﬁr%%%%rsﬁgéﬁm@%h ?%&gﬁgaﬁ%y o{ﬁgiﬁﬁ'receivers 140.
In accordanprWighexz ermpadinanhet et nsesasffantsntiopaatioos i nsudlfiplgrets 1Dkl 20 are
determined from the crossed lines of the infra-red beams that the objects block. In distinction, prior art
resistance-SesdiBRg vebhdig{geansssER [ h eens are unable to detect more than one object
simultaneously touching the screen, [0062]When two or more objects touch screen 100 simultaneously
along a common horizontal or vertical axis, the positions of the objects are determined by the PD
receivers 140 that ard.bl@datk@lbgeciSID and 20 in FIG. 2A are aligned along a common vertical axis
and block substantially the sa{me PD receivers 140 alon the;,bottglrg ed Ofé(}mh screen 100;

namely the PB7dceivArsYrafbs s B, L samMisy e leR dBg ﬁ%ﬂﬁf?g ¢2n, two different sets

of PD feceiﬁégléﬂﬁﬁ%ele Lbisd o bloghkotha bR seaelrismnradiaans fiard object 20

blocks the PD receivers marked g and h. The two objects are thus determined to be situated at two
locations. OpjegrafiimastiergateaordinatdPiofatendtanplicaliosceps dfiteinguitsdAREDlocked from

A PR e S R R e

[0063]Objecisnklinad 29 shemndalEtesks24 200 ZEDaseReteHg1B0 and other functional
blocks as being external to controller 150, such implementation is for
purposes of clarity and exposition. However, it will be appreciated by those
skilled in the art that in other implementations of the present invention
some or all of these blocks, or portions thereof, may be integrated within
controller 150.
[0078] Reference is now made to FIG. 7, which is a simplified circuit
diagram of an exemplary controller 150 for use with touch screen 100, in
accordance with an embodiment of the present invention. The exemplary
controller shown in FIG. 7 includes 64 1I/0 pins, some of which connect to
LED selectors 160 and PD selectors 170, and some of which receive touch
signals.
[0079] Controller 150 shown in FIG. 7 may be an MSP microcontroller,

manufactured by Texas Instruments Incorporated of Dallas, Texas.

ii. LED Selector 160 and Shift Register 110
[0080] Reference is now made to FIG. 8, which is a diagram of shift

register 110 for an array of 16 LEDs 130, in accordance with an
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along a common horizontal or vertical axis, and they have different horizontal locations and different
vertical locations. From the blocked PD receivers a - h, it is determined that objects 10 and 20 are
diagonally opposite one another. They are either respectively touching the top right and bottom left of
touch screen 100, as illustrated in FIG. 26; or else respectively touching the bottom right and top left of

touch screen 100, as illustrated in FIGS 2C. [00641Disgriminating be n FIG, 26 and FIG. 2C is
resolved byeé'mgéddﬁ‘"gélroe aﬁ?ﬁ% e gﬁﬁ'fﬁﬁ'tj%ﬁrﬁ\ 'ESQ&#%%@IV&?ﬁs',SO(EOe'?Snee ﬁfgyggssociating
meaning to gah¢IRPHIBS tWa HCh potterns. IBigase §hahe Al FIGNgeS Iktignasear drotierwise
configured, such that the effects of both touch patterns FIG. 29 and FIG. 2C are the same. For

example, tol(chiakjivag &\{b&ﬁh@WﬂWl}%p@d@Wﬁ@éMﬁlﬂ:lﬁ’%%@#|i@t§idﬁé?a@@§‘ﬁ§%lock the
screen. In case, Oy bl 72891985 93 500, 15 ALNERYISE E9PA0kRde SURf e oplyape of the

touch pattern 97an as a meanmg associated therewith. For example, touching the

upper right angdtteveer fefvicotaere shdouthgpesin-pol eperatesdenstiodk Fe soaebheand touch the
lower right and up?er left of touch screen 100 has no meaning associated therewith. In this case, the
DI discrimin& dOFIG. 29 is the correct touch pattern. [0965]Reference is now made to FIGS. 3A

and 39, wiifghgie deamERICR R tR RASH YR HROR: #ide BOwmerbdisageordance

with an em ent of the present invention. The glide movement illustrated in FIGS. 3A and 39 is a

diagonal glidethas nmyerolejetis i0 40d 20141662, tadethein The Wiveetidhkitshef giiéis determined

from changes in which PD receivers 140 are téaléo_\c;ted. As shown.in FIGS. %4 and, S%C?ocg d PD
[ tBﬂ:ﬁ and’

receivers aree@RlsgidgPoM e Sue P fe FE'?A’CPR%?% hgmt s 118 to PD
receivers 140 moreriadhedil reimig iy dlnskatkRid recrivers she wharoinpdTenexainyf 1o PD

receivers 140 more to the bottom, and from g and h to PD receivers 140 more to the top. For a glide in
the oppositeatliezétiamdhantesires Bbkets28.and 20 farther apart, the blocked PD receivers change in

e oppo g SR Ao IATER e AR A YDA o ona
common vexigd ardeliraaRbaKisIiNgeesrad e amtigaiydmiseaiifiing olideearerentas illustrated in
HIes: invention, L_SCLR_N resets shift register 110; i.e., resets circuits IC1 and

IC2.

[0083] Reference is now made to FIG. 9, which illustrates a waveform for

activating LEDs, in accordance with an embodiment of the present

invention. FIG. 9 illustrates the use of LED_CTRL signals L_SI, [._SCK,

L_RCK, L_SCLR_N and L_EO_N from FIG. 7.

[0084] As shown in FIG. 9, at time t1 a low L_SCLR_N signal turns off all

LEDs by resetting shift register 110. At time t2, a bit value of 1 is entered

into shift register 110 by signal L_SI. Thereafter, at each cycle of L_SCK

the data in shift register 110 is shifted one position further into the register,

and a new L_SI bit is entered into the first bit of shift register 110. After

six L_SCK cycles, corresponding to time t3, the bit value of 1 arrives at bit

position 6, corresponding to LED0O6. A high L_RCK signal activates the LED

drivers using the data in shift register 110, driving push-pull driver

LED_DO06 high, and thereby activating a respective one of switches A and

turning on LEDO6. A subsequent L_SCK cycle, corresponding to time t4,

advances the bit value of 1 one bit position further. A subsequent high
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3A and 39. In case of such ambiguity, and as described hereinabove with reference to FIGS. 29 and
2C, discriminating between FIG. 34 and FIG. 3B is resolved by either (i) associating the same meaning
to both glide patterns, or else (ii) by associating meaning to only one of the two glide patterns. [0067]It
will be appreciated by those skilled in the art that the present invention also identifiers three or more

object tha arg spulangousty guchig v scieen 100, Relfiente pouTiade 0105, 44 4C

w_hich are d_ ra plano Keyboar ufator, that detects multiple keys of a
displayed pishs)tkedbpariddhabare suehsuosie pissgeusty, thaasoydancenytbran £noipdiment of the

present invention. The touch screen in FIGS. 4A - AC has a different layout than the touch screen in
FIGS. 1 - 3.tPraWokels dFo s pia eashery e rvizehts Ads. As such, touch positions along the

horizontalaifgefreoia e ol Y EBRIGTORARIFYS PRGIanid dpfighgosiions that

straddle two w he hand shown in FIG. 4A is playing three white keys, and
correspondingly theoPb:reemiverdidentted ahef preddotkedenbio hafoushodsid BIGadS is playing two

white keys and one black key, and correspondingly a different plurality of PD receivers, also denoted a
-1, are blocRMCEhIMER HIRPIMRIE 04 @ iEOHQ')‘/iﬁﬁrﬁﬂl"V\?rﬂfi R@ngwira[ﬁﬁhig@ﬁﬂ@eers. The same PD

receivers a 4 EiPoEh 8B RABHPLREL S e/ ScFiS A3, IHBRR RSl dona gt edge

of touch screen 100 discriminate between FIG. 45 and FIG. 4C; namely, PD receivers g, h and i are
blocked in RIED4E3 et PD peoivbssan v o hligblosubatantiallyiparsideksd e modaee i in FIG.

o S CoLe PN BB LAY B BN PERIGI 6 (Mg e 10 IS S
according to the positions of the LED 130 and the PDs 140. The four LEDs
130 suffice to determine the screen coordinates of an object, such as a
finger, placed over a portion of the screen, based on the light intensities
detected by the PDs 140.

[0086] In yet another embodiment of the invention, the LEDs are inter-
connected with the topology of a matrix, and each I/O connector transmits a
signal to an entire row or an entire column of LEDs. Such a topology
provides an advantage in reducing the total number of I/O connectors
required, thereby reducing the cost of the electronics. In this regard,
reference is now made to FIG. 11, which is a diagram of an LED driver
matrix 200 for a touch screen, in accordance with an embodiment of the
present invention. FIG. 11 shows how 16 LEDs are controlled by using only
4 VROW signals and 4 VCOL signals. Each VROW signal controls a
respective one of four connections via switch 210, and each VCOL signal
controls a respective one of four connections via switch 220. Switches 210
and 220 are connected to respective pins in controller 150. Switches 210
and 220 are similar to LED switches A shown in FIG. 12.

[0087] Matrix 200 includes 16 LEDs and 8 IO connectors. More generally,
matrix 400 may include an m x n array of mn LEDS and m+n IO connectors.
In distinction, prior art LEDs required two IO connectors apiece. As such, it

will be appreciated by those skilled in the art that matrix 200 reduces the
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touch screen 100 from FIG. 1, in accordance with an embodiment of the present invention. The LEDs
130 and PDs 140 are controlled by a controller, shown in FIG. 6A, The LEDs receive respective
signals LED% --- LED15 from LED switches A, and receive current from VROW and VOGL through
current limiters B. Operation of LED switches A is described with reference to FIG. 12. Operation of

t limit is d |bed with, ref . . ' [
Sanals POORUBBE Holy SIRIEGATEr 190 BECLABN R L4 Eehioner ELD: o g BROW

and PDCOLHOQHIAGEestine tranenertiodinesy ohthepesentdiyentior, sheidriDsamtemantrolled via
a first serial interface, which transmits a binary string to a shift register 110. Each bit of the binary

string correﬂfdrﬁt?s'?ﬂ'd?fefﬁﬁﬁ%iﬁﬁDs, and indicates whether to activate or deactivate the
correspondl@%%liD, VeeL St ek gGll'Td'gaf%? BERVRLIgR A bl v alie o dicates Weactivation.

Successive are acfivated and deactivat y shifting the bit string within shift register 110.
Operation ofiakifa registen1l0 deswtibed RithrrefesbnpeodFicer8. §00 11gSihfitarseleetinDs are

controlled by a second serial interface, which transmits a binary string to a shift regjster 120.
Successive TS aANRIMERH SRaRIEL AFIERES BgﬁsHﬁﬁ%P 3 Ile§llf'iﬂgg ﬁpilﬁ'fﬂr}ﬁgi er 120. Operation

of shift registid2is daseAhRcWitl SLerBCa iR G4 - JPBFaHe dlagHaymodisrgediment of

the present invention, shown in FIG. 11, the LEDs are logically arranged in a matrix with signals
controlling eésrovntartd gachrubldniving theel &opregriet € atrsDED Indtikesighalis cohHdddd® o a

e B B O G . sl o
the second from top push-pull driver is driven high. Correspondingly, the
LED circled in FIG. 11 is activated.

[0089] It will be appreciated by those skilled in the art that the row and
column coordinates of the LEDs are not related to the physical placement of
the LEDS and the push-pull drivers. As such, the LEDs do not need to be
physically positioned in a rectangular matrix.

[0090] In another embodiment of the present invention, current source
drivers are used instead of push-pull drivers. In yet another embodiment of
the present invention, current sink drivers are used instead of push-pull
drivers. In yet another embodiment of the present invention, some of the
push-pull drivers are combined with current source drivers and others of the

push-pull drivers are combined with current sink drivers.

iii. LED Current Switches A
[0091] Reference is now made to FIG. 12, which is a diagram of LED
switches A, in accordance with an embodiment of the present invention.
LED switches A are push-pull drivers that control LEDs 130. These push-
pull drivers control gates of power transistors in each of the LED circuits
LEDOO - LED15. In systems where the LED drivers supply sufficient current
to operate LEDs 130, switches A may be removed, and LEDs 130 may be
controlled directly by LED selectors 160.
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[0073]The ensuing description addresses (1) the electronics 2 the optics, and (3) applications of touch
screen 100. 1. Electronics of Touch Screen 100 [0074]Reference is now made to FIG. GA, which is a
simplified block diagram of electronics for touch screen 100, in accordance with an embodiment of the
present invention. As shown in FIG. 6A, touch screen 100 includes light-emitting diodes 130, which
emit pulses of infra-red light, and photodiodes 140, which detect light intensity. LEDs 130 are
selectively activated in a controlled manner by a controller 150, via LED selectors 160 and LED
switches A. Current isypuppiee if- k&S LigRibE g sent limiters B shown in FIGS. 5 and GA. Each LED
requires approximately 2 amps of current, whereas each LED selector 160 only supplies a few

milliarnps. A8093th, eBefarencedr AeWatiRastoaR TGO Mk MiGh-s <8 sHingE Rl SMTEERent.
Operation of LED <uitch . ! . | ' dr! .
deseribed vl T s B A o T S R s 140

a controlledgRanvienyja i Beeeletdorse 1w ithPars ddbatiraelec bfdly e cirestst bp Rib Selectdss 170,
which activate one of the PDs. The signal from the activated PD is transmitted te)(agktoggléﬂ;gller 150
I

via a currenShiagtatbF 160, I MbnatEanfietan A0 GRS S FE COINESOI HRSHLeSh)aa: aced
over touch sgreqn 190, 3hdf §0. Hie, RRRINIANS Q) AerABIGER sOSRITEOQ PEGMPRdpeNt Of the

present invention, the signal from the activated PD is transmitted to a signal filter and amplifier 175.
The output sfgighaldittetexh® @iplEr M5 Frodastyjtedecwkddreoraisier (B0 sitatithen

determines whether of not one or more pbjec laced over tou f%%cr n nd, if so, the
positions of?ﬂ@%Bjé&b?dHéF&%d%é)n\éﬁil?ﬁgoa iﬁgﬁf?gi‘g 0 ib_eéqflix)/ﬁ Ornet?etr%%ce to FIGS.
23A and 23BoRQpelatiosy eheeHeriiagide, 18P dsighelikrtvitretorense tv FIGHehBA and 18B.
[0076]Reference is now made to FIG. 66, which is a simplified block )

ROW_EN_N is low, any of the row LEDs whose corresponding bit in shift

register 110 is set, issue a light pulse. Similarly, when COL_EN_N is low,

any of the column LEDs whose corresponding bit in shift register 110 is set,

issue a light pulse. Transistor 300 may be a low saturation voltage type

transistor, such as the transistors manufactured by NXP Semiconductors of

The Netherlands.

[0093] The magnitude of the current gated by transistor 300, and issued

by VROW, is determined by resistors R1, R2 and R3. Specifically, the

current limit VROW, ignoring the base current, are given by:

+3V 7 Ube

I R2 —R3
row Rl

Where +3V is the input voltage to controller 150 (FIG. 6), and Ube is the

base-to-emitter voltage on transistor 300.

[0094] Reference is now made to FIG. 13B, which is a diagram of
alternative current limiters B, used for limiting and directing current to LEDs
through VROW and VCOL, in accordance with an embodiment of the present
invention. As in FIG. 13A, only one current limiter is shown in FIG. 13B,
receiving input ROW_EN and controlling current sent over VROW, and a
similar current limiter (not shown) receives input COL_EN and controls

current sent of VCOL. The dotted portion of circuit 400 represents LED
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diagram of alternate electronics for touch screen 100, in accordance with an embodiment of the
present invention. The diagram of FIG. 6B includes an optional multiplexer 171, used to select one
from among several PD output signals. In the absence of multiplexer 171, inactive PD signals may
affect the signal entering controller 150 and optional filter and amplifier 175. Multiplexer 171 eliminates
these effects. Operation of multiplexer 171 is described with reference to FIG. 17. i. Controller 150
L0077IAs uggieteianieie bitantiple cnrlidanitiotRLSBIRDIAEIABMIR BRassis, RISC
processors, dedicated hardware, field programmable gate arrays (FPGA) and application-specific
circuits (ASIRMthough FIGS. 6A and 6B show current integrator 180, signal filter and amplifier 175,

PD selectors 170, LED selector 0 other functional blocks as being extergal to controller 150,
su_ch implenﬁ%ion_' %Wﬁu%j:st%oi%dgrf@ 3#@8%8&?6%?%%5% ,'If?\?ﬁﬂ ?g a&&%‘é% ed by those
skilled in theygkthabireRibetiBRiee Higien hakthedainsrit Vioversion sopnacrbed rf these blocks, or
portions thereof, may be integrated within controller 150. [0078]Reference is now made to FIG. 7,

which is a sifTfResEireLA Flia@r@mﬁr@ﬂ'érf |@X@ﬁ@lﬂwwﬂéﬂerpﬁ@ﬂﬂ asethimicwiteRtstsreen 100, in
e R D e Rl
which receivg spIis SigorRiae[QUFRIGDalNellar Bskshomwarib &fGlPNMeyrstsaor\(8R Mitseocontroller,

constant diode voltage, denoted by VZ, applies across the base of Q1 and

emitter resistor R2.

[0096] When circuit 400 is operational, the voltage across R2, denoted by

VR2, is given by VR2 = VZ - VBE, where VBE is the base-emitter drop of

Q1. The emitter current of Q1, denoted by IE, which is also the current

through R2, denoted by IR2, is given by

VR2 VZ-—VBE
R2 ~ R2

IR2 =
Since VZ is constant, and VBE is approximately constant for a given
temperature, it follows that VR2 is constant and IE is constant. Due to
transistor action, current IE is approximately equal to the collector current
of the transistor, denoted by IC, which is the current through the load.
Thus, neglecting the output resistance of the transistor due to the Early
effect, the load current is constant and the circuit operates as a constant
current source.
[0097] Provided the temperature does not vary significantly, the load
current is independent of the supply voltage, denoted by VR1, and the

transistor’s gain, R2, allows the load current to be set at any desired value.

Specifically, R2 is given by
R2 = VZ —VBE _ Vz —0.65

IR2 IR2

Since VBE is generally 0.65V for silicon devices.
[0098] VBE is temperature dependent; namely, at higher temperatures,

VBE decreases. VZ is also temperature dependent; namely, at higher
21



manufactured by Texas Instruments Incorporated of Dallas, Texas. ii. LED Selector 160 and Shift
Register 110 [0080]Reference is now made to FIG. 8, which is a diagram of shift register 110 for an
array of 16 LEDs 130, in accordance with an embodiment of the present invention. Shift register 110
is connected to controller 150 via the LED_CTRL signal shown in FIG. 7. Integrated circuit id | drives 8
LED switches A via corresponding push-pull drivers denoted LED DOO thru LED 007; and integrated
circuit K2 drives another 8 s switches A via cqrre dir It dyi D08
thr LED. D8 IO Saearaios SN B eiboutraet Shh o TR 8 et g~
implementeg deHd/GleagEs 2 rahe i dui imvenfubitebslufy registetid g Qrae stdrets ntiklly and the
upper 8 bits are stored in 1C2. Bits are shifted from /CI to 1C2 via the connection shown in FIG. 8
exiting W1 a€eyBsaHdvehtadRg/f2 at DS. 0821Referring to the LED CTRL signals, when L_SCLR_N

is low, all LF[&)%] When issuing a light pulse, signal ROW_EN is initially set to low.
Capacitor C1 is also low, and begins to accumulate charge. Subsequently,
ROW_EN is briefly set to high, to activate the light pulse, and the charge on
C1 rises accordingly. The presence of bandgap diode D1 ensures that the
charge on C1 drops quickly when ROW_EN is again set to low. As such, the
presence of diode D1 protects circuit 400 from excessive charge that would
otherwise result over the course of multiple pulses.

[00100] Resistance R1 is given by
Rl =

Vs -vz
I1Z+K-IB

where IB is given by
IB

_I¢c  IE _ IR2
" WFE(min)  hFE(min) ~ hFE(min)

and hFE(min) is the lowest acceptable current gain for the specific transistor
type being used. The parameter K ranges between 1.2 and 2.0, to ensure

that R1 is sufficiently low and that IB is adequate.

v. PD Selector 170 and Shift Register 120
[00101] Reference is now made to FIG. 14, which is a diagram of shift
register 120 for an array of 16 PDs 140, in accordance with an embodiment
of the present invention. The PD shift register shown in FIG. 14 is similar
to the LED shift register in FIG. 8. In contrast to LEDs 130, PDs 140 are
activated directly without intermediate switches such as switches A used
with LEDs 130. Shift register 120 is connected to controller 150 via the
PD_CTRL signal shown in FIG. 7. A description of the PD_CTRL signal now
follows.
[00102] Initially, the PD outputs are set to high. A value of 1 in at least
one bit of shift register 120 (FIG. 5) activates at least one corresponding
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130 are turned off, in accordance with an embodiment of the present invention, L_SCLIR_N resets
shift register 110; i.e., resets circuits 1C1 and 1C2, [9083]Reference is now made to FIG. 9, which
illustrates a waveform for activating LEDs, in accordance with an embodiment of the present invention.
FIG. 9 illustrates the use of LED _CTRL signals L....SI, L_SCK, L RCK, L_SCLR...N and LEON from
FIG. 7. [0084]As shown in FIG. 9, at time tl a low L_SCLR...N signal turns off all LEDs by resetting

hift regist 0. Atti bi f1] di [ | |
Theroater, APeRU T ESRASORE SEHEID Beia LR AR T R o kA TR o the

register, and s meMalsfyil isEREBIRGINRDMO(irst bit of shift register 110. After six L SCK cycles,
corresponding to time t3, the bit value of | arrives at bit position 6, corresponding to LEDO6. A high

L_RCK sigrl@P3eHatB&tReanes diers IR E!\Fa-iPr§hi_¥’¥'?é‘aﬂs'tl4\4itfé,t%ﬁ\ﬂn‘%\(%fﬁ-ﬁn|| driver
el B ARPLR Y SUEIARNTSAYE 0 |
A subseqyqntéﬁghtlm\ddﬁﬁ@'sigﬁimcliﬁatbast.mtEBEtlulei\xHe agai@,mimﬂie 5EKal@§léf 1 at position
Z Va?cdhzsb'lot\ ?ClilieR EI;V Oaal;t OOSII_-‘thI\rI] igir,otrrl]]erFeIka/_tl%r_n|ng on LEDQ7 and turning off LED% via respective
[00104] At time t1, a low SCLR_N signal sets all PD outputs low and clears
shift register 120. At time t2, a low SI signal enters an activation value of
“1” into the beginning of shift register 120. At each rising high edge of
signal SCK, the data in shift register 120 is shifted further into the register,
and a new bit value is entered in the beginning of the register. A rising high
edge of signal RCK transfers data from shift register 120 into IC3 and IC4,
selecting or deselecting corresponding PDs, depending on the bit values at
corresponding positions within the bit string. Thus, a first high RCK signal
selects a first PD based on data in shift register 120, followed by an SCK
cycle shifting the data in shift register 120, followed by a second RCK signal
that deselects the first PD and selects a second PD based on the shifted
data. Thus at time t3, PDO6 is selected, and at time t4, PD0O6 is deselected
and PDO7 is selected.
[00105] As described above for the matrix of LED drivers shown in FIG. 11,
a similar matrix of PD receivers may be used in embodiments of the present
invention. In this regard, reference is now made to FIG. 16, which is a
diagram of a photodiode matrix 500 for a touch screen, in accordance with
an embodiment of the present invention. Matrix 500 as shown in FIG. 16
includes a 4 x 4 array of PDs. In general, matrix 500 may include an array
of m x n PDs. Matrix 500 requires only m + n IO connectors. In
distinction, prior art systems require two IO connectors per PD to scan a

plurality of PDs, and thus matrix 500 represents a savings of 2mn - m - n

connectors. Each PD in matrix 500 is accessed by selecting an appropriate
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[0085]In distinction to the embodiment shown in FIG. 1, in accordance with another embodiment of the
present invention, four LEDs 130 are placed in the four corners of a touch screen, and plural PDs 140
are arranged along the four sides of the screen, as shown in FIG. 10. When an LED 130 is lit, it
projects an arc of light substantially parallel to the surface of the screen. The PDs 140 detect
respective portions of this light, according to the positions of the LED 130 and the PDs 140. The four

o of eSS BRSSP A1 W ARled it iRamoRa ko @

portion of the screen, based on the |i ensities detected by the PDs 140. [0086]n yet another
embodimentohtlaaiheehiiom dfeth&P®are inter- connected with the topology of a matrix, and each
.110 connector transmits a signal to an entire row or an entire column, of LE[giﬁnUCh }ogglogy

provides an8013age iR WEUIRIFE BrelBar fUtWel o¥47d @ﬁ%@tﬁ?@f‘éﬁﬁﬁ &8 ucing the
cost of the 158 dR Rissregasd. Fe{aI8gCanftas Bads #pd zediliovigads 2 diagramdof an LED

driver matrix 200 for a touch screen, in accordance with an embodiment of the present invention. FIG.
11 shows heugé paEibdrivers aRdet by sethjoasleryROVUsMhalSeihgachy coRegawlEChach

VROW signal_ controls a respective one of fou nections vig switch 210, .and V,COL signal

controls a re%bé)ct%eoheggﬁbqu%m%%%k% éé@vﬁ& %Pﬁ%o g@ﬁ{cé%':snyfé |a€0 IEa?r(g((gconnected to
respective piggdi eeriiebiokts BEitsherRifirand 2 20rasRfrimBardodriPasWiDIe5 Bgshown in FIG.
12, [0087]Matrix 200 includes 16 LEDs and 8 10 connectors. More generally, matrix 400 may include

an in x n arr@Pening KRB S&ABAIAG S‘@@&%e'étb?s?%@%@ﬂ&foﬁ'ﬁ?ﬁﬁ?'ﬂﬁﬂ_ﬁ%g ﬁi@ﬂJiPéﬁtt'\% TO

e o BTN oS st st et mepnact s

screen 100, sigihedd eopastigialaasignbicasuibel thedodirdfinptdréalemaining
connectors to high serves to select an active column. For matrix 500
shown in FIG. 13, the second from top analog switch is open and the
second from left push-pull connector is low. The PD corresponding to the
active row and column is shown circled in matrix 500.
[00107] It will be appreciated by those skilled in the art that the row and
column coordinates of the PDs are not related to the physical placement of
the PDs on touch screen 100. The row and column coordinates are only
used for controlled selection of the PDs.
[00108] In accordance with an embodiment of the present invention, each
PD receiver includes a photodiode 560 and a blocking diode 570. Blocking
diodes 570 are used to prevent disturbances between neighboring diodes
560. According to an embodiment of the present invention, blocking diodes
570 are low backwards current and low backwards capacitance type diodes.
[00109] Further according to an embodiment of the present invention, the
voltage +V at push-pull drivers 520 is greater than or equal to the voltage
+Vref at receiver electronics 530. A slightly higher voltage +V at push-pull
drivers 520 than +Vref improves performance, since all blocking diodes
570 are in reversed state, except for the blocking diode of the PD receiver

corresponding to the active row and column.
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[0088]As shown in FIG. 11, each LED is accessed by selection of a row and a column 10 connector.
Four push-pull drivers are used for selecting rows, and four push-pull drivers are used for selecting

columns. A designated LED is activated by driving the appropriate push-pull driver for its row to high,
and driving the appropriate push-pull driver for its column to low. FIG. 11 shows the second from left
push-pull driver driven Jow, and the second from top push-pull driver is driven high. Correspondingly,
the LED circled in FIQY11% B BEREREArfod&8)it will be appreciated by those skilled in the art that the

row and colgippy gpordinaies el b BRtasetidriniaddo fhe ehpsicahilacesreof theltipleS and

the push-pull drivers. As such, the LEDs do not need to be physically positioned in a rectangular

matrix. [oogoqummﬁeemerﬁiﬁmﬁ:&ﬁé@r@i@ﬁﬂﬁv&ﬁ@ﬁ?w@m%r\d&t'aﬁ%#%ha%rﬁﬁu instead
of push-pull figéer .in gghagort] Ieru?gl?ﬁglraggggﬁiiﬁgﬁ%?fﬁgmte@% gHgﬁ%}%g%ii\égfs are used

) n
instead of pU puldﬁv rs. In yet anothef em e present invention, some"of the push-pull

drivers are c@nbiiedr(iNDR)TeThaoNDE ehiverisaanthetkasentt quishupub geeenar érembined with
current sink drivers. iii.LED Current Switches A [0091]Reference is now made to FIG. 12, which is a

;I‘iagram or1; Wif@ﬁ@@f@éﬁé&ﬁ!ﬁr@é@ﬁﬂpﬁw@Fﬁﬁwlrﬁ%rﬁrlﬁtﬂ?\%rp@%?ﬁﬁ}gﬁ%pf_ED switches
are push- i i
PUSPHIGTVEFR NP1 Y BRI (o THERCRIBPOh tHECAR ARy Brteokpaner

transistors in eac Ircuits 15. In systems where the LED drivers supply

sufficient cupgent 1p offérateh E&==ha%); swilihasatioraisbdetemmovedd and thESs p3tam@fdrs controlled

directly by LED selectors 160. .
(1) the number of PD signals that enter controller 150, (2) the type of
integrator circuit used to bias and sample PD current as it enters controller
150, and (3) the type of signal filter and amplifier circuit used, if any.
[00112] Regarding (1) the number of PD signals that enter controller 150,
in a first PD receiver configuration, the PDs along each edge of touch screen
100 have separate outputs. Thus, at least one circuit is provided for PDs
that are arranged along one edge of touch screen 100, and at least one
other circuit is provided for PDs arranged along the other edge. In this
regard, reference is made back to FIG. 5, which shows all PD outputs along
one edge channeled into signal PDROW, and all PD outputs along a second
edge channeled into signal PDCOL. A capacitor and a biasing resistor are
coupled to each of the ADC input signals to control the current and to set a
voltage amplitude range.
[00113] In a second PD receiver configuration, a limited number of PDs are
connected to each ADC input. PDs may be grouped, for example, into
sections of up to four PDs per section. Each output thus integrates four
PDs. An advantage of this second configuration is less capacitance and less
disturbance from non-selected neighboring PDs.
[00114] In order to further reduce capacitance and disturbance from non-
selected neighboring PDs, an embodiment of the present invention adds at
least one multiplexer that outputs only the selected PD signal. In this

regard reference is now made to FIG. 17, which is a diagram of multiplexer

25



19 iv. LED Current Limiters B [0092]Reference is now made to FIG. 13A, which is a diagram of
current limiters B, used for limiting and directing current to LEDs through VROW and VCOL, in
accordance with an embodiment of the present invention. As shown in FIG. 13A, a transistor 300
controls the current issued via VROW to the row LEDs 0 - 7 along the top of touch screen 100 (FIG.
5), by a signal denoted ROW EN N. Similarly, a second transistor (not shown) controls the current

issued via VCAQL to,the co ) ggglt [ by a signal
denpted CO1I___ NW'%h%é\%&%%gﬁ %\WI:TI)S?? ) an)g %Ifg t%@ﬁ)\ﬂv? I%é%pgﬁﬁgée&%ri%%onding bit in shift
register 11 beldisretet dfighepotesefimiladytivhen KIGL_EN ddasvsvwvanyasiihe column LEDs
whose corresponding bit in shift register 110 is set, issue a ‘Isi!?ﬁtégulse. Transistgr 300,may be a low

f

saturation VOItAER KR gL ioN UGRHEAS hESEEhES S 9 K0RIS 85 1M s @Rttonductors of
The Netherlands 19993] hednragniyde ahihs CUrepgaistyHErHHBh I ARdHsRIRAEY VROW, is

determined Dy resistors R.1,"R2 and R3. Specifically, the current limit VROW, ignoring the base
current, aretgieiGhy6 JUiee PD output is processed by signal filters and amplifiers 175.

For a touch screen with 64 PDs, in a configuration using eight multiplexers
171, each multiplexer taking eight PD input signals and outputting to a
signal filter and amplifier 175, eight such filters and amplifier 175 are used.
[00115] The dotted line shown in FIG. 17 separates components internal to
controller 150, which are shown to the right of the dotted line, from
components external to controller 150, which appear to the left of the
dotted line. Controller 150 includes a multiplexer 151, which connects to
an analog to digital converter 152. The signals entering multiplexers 171
from the top are control signals from controller 150. Each such control
signal uses three bits, to control selection of one of the eight input PDs. In
general, n control bits suffice for controlling selection of up to 2" input PDs.
[00116] In addition to the three control bits used to control selection of the
input PDs, each multiplexer 171 receives an output enable control bit,
OE_NOT, from controller 150. When OE_NOT is set to zero, the PD driver
outputs the selected PD signal. When OE_NOT is set to one, the PD driver

outputs a high impedance signal.
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'row Where +3V is the input voltage to controller 150 (FIG. 6), and Ube is the base-to-emitter voltage
on transistor 300. [0094]Reference is now made to FIG. 1313, which is a diagram of alternative current
limiters B, used for limiting and directing current to LEDs through VROW and VCOL, in accordance
with an embodiment of the present invention. As in FIG. 13A, only one current limiter is shown in FIG.
136, receiving input ROW_EN and controlling current sent over VROW, and a similar current limiter
(not shown) jeceives R EQL< N AR S9BAL BTN RROLYIL Tt dRUAREIeR of circu
400 repres D circuits, otte line connected to the solid line corresponds to VROW.
[0095]ShowwitthFd&cH BBlrsuttedgad 7ditage stabilizer, D2, or such other voltage stabilizer, which
hasacontactvoltaedroacrOSSIt espe ive of the ent flowing through | ong as the current

is above aJholdin ‘__.‘c.u_rfth_ltﬁer i I diade curreént and
a base curf neEmirdprae \®lt by VZ wqhes across the
base of Q1 gnd emitter resigjor R2. [0096]Woben circuit 400 s)operatlonal;[tile voltage across R3,
denoted by 0 0 0 1 HighZ

1 0 0 0 In2

1 0 0 1 HighZ

0 1 0 0 In3

0 1 0 1 HighZ

1 1 0 0 In4

1 1 0 1 HighZ

0 0 1 0 In5

0 0 1 1 HighZ

1 0 1 0 In6

1 0 1 1 HighZ

0 1 1 0 In7

0 1 1 1 HighZ

1 1 1 0 In8

1 1 1 1 HighZ

[00118] It will be appreciated by those skilled in the art that the first and
second configurations, with and without optimal multiplexers 171, are
based on providing PD_ROW and PD_COL signals, each signal corresponding
to a signal-generating circuit, or to a plurality of signal-generating circuits.
[00119] In accordance with the second configuration, separate current
integrator cells are assigned to subgroups of column PDs and to subgroups
of row PDs. E.g., one current integrator may be assigned to eight PDs. In
this embodiment, multiple inputs to controller 150 are provided, one input
for each subgroup. Controller 150, as shown in FIG. 7, may be used this
way to accommodate 64 PDs grouped into eight subgroups, via eight input
signals to controller 150. Specifically, the eight inputs are PD_ROW_1,
PD_ROW_2, PD_ROW_3, PD_ROW_4, PD_COL_1, PD_COL_2,
TOUCH_SIGNAL and TOUCH_SIGNAL_2, where TOUCH_SIGNAL and
TOUCH_SIGNAL_2 are used as PD_COL_3 and PD_COL_4, respectively.
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VR2, is given by VR2 = VZ VBE, where VBE is the base-emitter drop of Q1. The emitter current of QlI,
denoted by 1E, which is also the current through R2, denoted by IR2, is given by VR2 VZ VBE | R2 =
P2R2

vii. PD Current Integrator 180
[00120] With regard to the type of integrator circuit used to bias and
sample PD current as it enters controller 150, several alternative
configurations and methods of operation are provided.
[00121] According to a first configuration, each of the PD_ROW and the
PD_COL signals entering controller 150 is coupled to a biasing resistor that
sets the linear amplification, and to a capacitor that integrates the PD
current over time. In this regard reference is now made to FIG. 18A, which
is a diagram of a resistor-based current integrator 180 used in conjunction
with PD receivers 140 in a touch screen 100, in accordance with an
embodiment of the present invention. The dotted line shown in FIG. 18A
separates components internal to controller 150, which are shown to the
right of the dotted line, from components external to controller 150, which
appear to the left of the dotted line.
[00122] According to a second configuration, the biasing resistor is
removed, and a transistor is used to set a voltage amplitude range.
[00123] In this regard, reference is now made to FIG. 18B, which is a
diagram of a transistor-based current integrator 180 used in conjunction
with PD receivers 140 in a touch screen 100, in accordance with an
embodiment of the present invention. The dotted line shown in FIG. 18B
separates components internal to controller 150, which are shown to the
right of the dotted line, from components external to controller 150, which
appear to the left of the dotted line. A transistor T1 is located within
controller 150, and is used to efficiently control current sampled by a
selected PD. In alternative embodiments of the present invention,
components external to controller 150 are used to control the current.
[0012d] When transistor T1 is open, capacitor C charges, and integrates the

current, i, flowing through the photodiode. The voltage over C is given by

V=fC~idt
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Since VZ is constant, and VBE is approximately constant for a given temperature, it follows that VR2 is
constant and IE is constant. Due to transistor action, current IE is approximately equal to the collector
current of the transistor, denoted by IC, which is the current through the load. Thus, neglecting the
output resistance of the transistor due to the Early effect, the load current is constant and the circuit
operates as a constant current source, [0097]Provided the temperature does not vary significantly, the

load currentjh orlapsRdRAbPt S SURL Y oLBBE A Yed b RIcruhit BRI B0l B2

allows the load current to be set at any desired value. Specifically, R2 is given by Since VBE is
generally 0.&5xeftuciitbo Gevides. [D0OBNABEdsaktapeatprecispendant neadidiye aturicgl,

VZ biso decHBESTATRUSGEN, BR300 € IR R T AR Ibain SGURBRE rEt, B dEci g P
S?m“'ta”eoqﬂt’eg?ﬁﬂ'éiﬁ%iéb@iﬁl}tbﬁﬁ@"@?ﬂ%i@%ﬁ@ﬂtﬁﬁ&@@ﬁ YRR ple0PRYRasSUHE. fight pulse,
signal ROVV_EN is initially set to low.
this embodiment, the analog to digital converter ADC in FIG. 18B is not
active during integration time.
[00125] In an alternative embodiment, S/H is configured to sample at the
end of the integration period, without previously having discharged the S/H
internal capacitors. In this embodiment, there may be a voltage differential
between the capacitor associated with S/H and the integrator circuit.
[00126] As indicated hereinabove with reference to controller 150,
elements illustrated in the figures as being external to controller 150 may,
in other implementations, reside internal to controller 150.
[00127] Reference is now made to FIG. 19, which illustrates current
integration over time, in accordance with an embodiment of the present
invention. As shown in FIG. 19, when transistor 71 is turned on, the
current in capacitor C is reset to zero. When transistor 71 is turned off,
capacitor C begins integrating current over time. The measurement used is
the current value at the end of the sample window.
[00128] The transistor-based circuit offers several advantages over the use
of resistors for setting the linear amplification of the PD signal. The
resistors have a higher bias to low frequency noise, such as ambient light
and, as such, the ambient light is amplified more than the light pulse.
Moreover, the system measures the ambient light sensed by a designated
PD prior to issuing a light pulse from a selected LED, in order to establish a
baseline value. Thus resistor bias to low frequency ambient light amplifies
the ambient light measurement more than the light pulse measurement. By
eliminating these resistors, the system registers similar levels of bias for

both ambient light measurements and light pulse measurements.
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Capacitor Cl is also low, and begins to accumulate charge. Subsequently, ROW EN is briefly set to
high, to activate the light pulse, and the charge on ClI rises accordingly. The presence of bandgap
diode 01 ensures that the charge on Cl drops quickly when ROW EN is again set to low. As such, the
presence of diode DI protects circuit 400 from excessive charge that would otherwise result over the

course of myltiple pulses. [0010Q] Resistan 1 is given by ys- -17 - 2 1 B - hFE(rnin)
PL_IT (mill) Ité@%ﬁlin) %HSH’E\@E@%?PSE?I%IS%%E? 6%55%8{3 %y t:gér?éﬁt]%ﬁicﬁj O%S'[f‘lﬂéléépgr(]:fl ic transistor type
being used.rERpsRHATRCRE kdarRges ashfiganatidndayQirte kisyee thatRbissoifiteretly low and that

IB is adequate. v. PD Selector 170 and Shift Register 120
discharge between measurements, than transistor T1. In turn, this enables
use of shorter intervals between measurements of successive PDs, as well
as between successive measurements of the same PD. In particular, in
cases in which a successive PD senses less ambient light, or other such
noise, than a previous PD, a relatively long discharge interval is required to
fully discharge the circuit below the ambient level of the previous PD with
the resistor configurations. This problem is overcome in the transistor-
based circuit, in which the resistors are eliminated. Since the current
measurement is linearly integrated over time, with little residual current
present in the measuring circuit, the transistor-based circuit requires
uniform measuring intervals. As such, this configuration requires precise
timing to ensure that the measurement be integrated over the same
amount of time. In distinction, when resistors are used, because they are
inherently less precise, sampling has less stringent timing requirements.
Clock jitter, for example, impairs performance of a system with transistor-
based circuits, more so that for systems with resistors.
[00130] Reference is now made to FIG. 20, which is a simplified flowchart
of a method for PD sampling, in accordance with an embodiment of the
present invention. The method shown in FIG. 20 relates to the transistor-
based circuit of FIG. 18B, used to sample PDs.
[00131] At step 1000 all transistors, T1, 72 and 73, are turned off. At step
1005 a PD is selected by turning on transistor 72. At step 1010 the S/H
circuit is opened, and transistor T1 is turned on. This causes capacitor C
and the capacitor inside the S/H circuit to discharge. If the S/H circuit is not
discharged, then residuals from previous measurements may arise. At step
1015 the S/H circuit is closed, for holding. At step 1020 transistor 71 is
turned off, in order to begin current integration. At step 1025 the method

waits a designated amount of time, such as 10 ps. At step 1030 the S/H
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[00101] Reference is now made to FIG. 14, which is a diagram of shift register 120 for an array of 16
PDs 140, in accordance with an embodiment of the present invention. The PD shift register shown in
FIG. 14 is similar to the LED shift register in FIG. 8. In contrast to LEDs 130, PDs 140 are activated
directly without intermediate switches such as switches A used with LEDs 130. Shift register 120 is
connected to controller 150 via the PD CTRL signal shown in FIG. 7. A description of the PD CTRL

e o SR EBARL A {05 TR SN PHE BB IR B Al e ibariRaR aiE D1

shift register 1: acfivates at least one corresponding PD by setting its output low. The PD
output signadiscent bécinte cenudtied byOthia Si¢ali RDROm; PREOIALBO403 Gefetbrce is now
made to FIG, 15, which illustrates a waveform for activalingaielected PDs, in accordance with an

embodimen%ﬁtl‘?é’ﬁ’é%&?'iﬂ@@ﬂtié‘r’i‘.q:%.e MR ERed §8'8Y§f5h%{|‘s:t§1‘9§€/c:, RCK, SC/RN and
OE N from iy 35, [00404i4Y 15as tanlowsBSr LRI Honal8R ahRidqurnetaisehangkclears shift

register 120. Attime t2, a low Si signal enters an activation value of "1" into the beginning of shift
register 120c#pazibhrriSind\histe pdt@mP dipaanstrR dimeaitata inssfor Eegistepacitas &ifted further into

the register, and a new bjt value i d inthe.beginning of the reqister. A rising high e of signal
RCK transfeqa?éhﬂ%mé% %?Bgi%%&%%ﬁé@d%iﬁ@ ?ngép %’e‘%e){;t'iH%nAPﬂe%'%m@ﬁ%%%ﬂi?&ming
PDs, depengjpgsaf thethit¥plusse) ersraspasding rRogitiaes withisdhsebirstingw hagrdigrhigh

RCK signal selects a first PD based on data in shift register 120, followed by an SCK cycle shifting the
data in shift fagieesiuren)¢olowdideR !;Md'mm%ﬁg@ﬁﬂl waittadesiaciesignntedoraRy ReRcts a

second PD gased on the_shi ta. Thus at ti s I? n 'ni RO06 is
deselected HH%19(??%r%?aYe%ﬁe%dg%%fo%hgsah%@fr%%c? agbgo?/i gg h%ﬁr?a%ixdsﬁ%BED%ﬁerss shown in
FIG. 11, a it faatpsgbRRaecelve® shay hoOugedHs Sithatindhis apbrgueseheinvention. In this
regard, reference is now made to FIG. 16, which is a diagram of a photodiode matrix SOO for a touch

screen, in aSEHMRFRIEMNIRBh ERDINABTBIThE P reasY RVEnNEfathk BERPL QAW FIG. 16
ncludes a 4,4 4 40 3% 0 23S GRASIEI B FAOMaKIBEE A AL LR F Bhelatx SO0

requires only in+ n"'JO connectors. [n distinction, prior art systems require two 10 connectors per PD
to scan a plataditytofd2Bs, Bmﬁ.thas_suapix.repae§¢l=ﬁ$iac;ﬁt/ii$gslosed)raMtb@rlaBatogstEach PD
N matrix 509:1ilgi?zglcggﬁsgr%¥osrle§gginngs9nA%p£tre0€ r:lla(;%s the LED is turned off, by turning off

transistor T3. At step 1090 transistor 71 is turned on, in order to discharge

capacitor C. Finally, at step 1095 the method waits 1 ps for the capacitor

for discharge.

[00134] In accordance with an embodiment of the present invention, steps

1000 - 1095 of FIG. 20 are repeated several times, e.g., 5 - 20 times, in

order to obtain a plurality of measurements when the LED is on, and a

plurality of measurements when the LED is off. The background ambient

light is then measured by accumulating values when the LED is on and

subtracting values when the LED is off.

[00135] In this regard, reference is now made to FIG. 21, which illustrates

measuring ambient light by summing pulses when an LED is on and

subtracting pulses when the LED is off, in accordance with an embodiment

of the present invention. In terms of samples A thru J shown in FIG. 21,

the accumulated signal is B-A+D-C+F-E+H-G+J-I. A signal to noise ratio is

given by
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row connector and an appropriate column connector, corresponding to the row and column of the PD.
[00106] Shown in FIG. 16 are four 1-to-2 analog switches 510, and four push-pull drivers 520. Analog
switches 510 are used to select a row, and push-pull drivers 520 are used to select a column. For
each analog switch 510, one terminal connects to GND and the other terminal connects to receiver
electronics 530, including an amplifier 540 and_an iD,C 550. Opening one of analog switches 510 to
receiver electronics 530 and putting the remaitiing to GND serves to select an active receiver
row. Driving one of push-pull connectors 520 IBw ay‘uﬁdom?g the remaining connectors to high serves
to select an active column. For matrix SOO shown in FIG. 13, the seclztj)éré%from tog anakig switch is

open and the & EHRHSHPRAH BRI RBRAEREr % YONAFRIBB L ohirt§ Y5 tRePactive row and
column is shoyeircierhin sadris JQQnteRdd E?‘VEU BewePeEatrAthY theshsldirmb e theoart that the
a

row and column coordinates of the PDs are not related to the physical placement of the PDs on touch
screen 100.0fHieovwoadeolimnassktiagignatdoaignisicanshclaasolieansEnsches kg taeEDs. [00108]
In accordange, with.an %{i}me.nt of the present invention, each PD receiver includes a photodiode
560 and a bﬁ%ﬁhg}ﬁg .%H&iﬁgﬁggis 570 are used to prevent disturbances between

neighboring[giades SG0wAtasdingieaatembsdinest eldne @resent iaveation thioenethdibdés 570
are low backwards current and low backwards capacitance type diodes. [001091 Further according to
an embodinfk e oRB e ffiesimmarshacy anagetadechdin g uBEeH@li@rivers 520 is greater than or

equal to the vol.tag uT(\:{{esfvﬂg: Eﬁcﬁé’&& gé%cﬁ%ﬁ(ﬁ?g}%éﬁ ig'?t!}f ' Wt\f;tl}élggnﬂ/ ﬁﬂ%ﬁ% drivers

520 than Vref improves performance, since all blocking diodes are In reversed state, except for
the blocking diodetérhidae PD receiver corresponding to the active row and column. vi. PD Receivers
140 [00110] In accordance with embodiments of the present invention, multiple configurations are
described hereh féHbﬁ?@&@%r@%ﬁ%ﬁ't@ﬁ@H%‘&r@EPﬁ@ﬁﬂWﬂ%ﬁ%ﬁ%r‘%m‘j{@ﬂ? 15 output is
sent to an analog- @gitgh%onverter (ADC). The ADC matches the expected output range, and the
output range differs frorh one configuration to another. The accuracy of touch screen 100 depends to a
large extent ond¢headddyrdoyrotae ADRU IO tddihghe PD receiver configuration is determined by three
parameters: (1) the number of PD si nalsgtﬂ?at nter controller 150 %).the type of infegrator circuit
used to biad Qamﬁkwgﬁr@ﬂf&g it 8@%{% onérﬁl%(?,rgﬁg& )'Wgﬁ%n()f'e F%If’e'? and
amplifier cirgyiusegidhanydiRbl & RRgaiding ) Berormben afdRameRals thaisenter controller 150,

in a first PD receiver configuration, the PDs along each edge of touch screen 100 have separate

outputs. Thutertnetistoambieclimienrbvisdhidon hpRs tageardarihsyearashg oiietég8ge/ét touch

screen 100, and at least gne other circujt is provided for P rr d k e. In this
regard, refefdhee idm '8‘3'1?58? ?ZR&]'&" go v(\?%f(::?ﬁ gHBWg %fl‘%%ggﬁﬁi Bzﬁ)%%%éng (Feg gihgggnneled into
signal POW v @t @A surenis il onpha se£ e edsrahaivected boidisignaliP QoG nbg@citor

and a biasing resistor are coupled to each of the ADC input signals to control the current and to set a

voltage amphiie AthGS1odes tied RERGAPTPREENRIX ﬁ@ﬂ_YaF?Sni,na_t'ﬂ%iﬁ?d‘Tﬁlmes are
comectet SERT, AL FoRUIEY s eyareluiant, rseciana sy ouros o
capacitancesat |essabsisi b hcin fegnatonsefecteecoeid Hhonal B the integrator and

the S/H should be in separate function blocks.

[00138] Reference is now made to FIG. 22, which is a simplified flowchart

of an alternative method for PD sampling, in accordance with an

embodiment of the present invention. The method shown in FIG. 22

relates to the transistor-based circuit of FIG. 18B, used to sample PDs.

[00139] At step 1100 all transistors, 71, T2 and T3, are turned off. At step

1105 a PD is selected by turning on transistor 72. At step 1110 the S/H

circuit is opened and transistor T1 is turned on. This serves to discharge

capacitor C and the capacitor inside the S/H circuit. If the S/H circuit is not

32



1001141 In order to further reduce capacitance and disturbance from non-selected neighboring PCs,
an embodiment of the present invention adds at least one multiplexer that outputs only the selected
PC signal. In this regard reference is now made to FIG. 17, which is a diagram of multiplexer 25 171,
which operates as a PD output selector, in accordance with an embodiment of the present invention.

FIG. 17 shows two parallel multiplexers 171, which each receives eight PD signals as j nd
generates adémgrgﬁfiuﬁ}%}wﬁ?%ﬁ\@ g%%ﬁ%@h?f&‘é‘fﬁ%ﬁé?&% r?’g?grréEnsc? éﬁ?&ggt e Jlf~5%[:?l)utput is
processed by ssighahfilterstand aramiiars:d #6r e aipuditeeresn wiha4 £Datise ponfiigwation using

eight multiplexers 171, each multiplexer taking eight PD input signals and outputtin% to a signal filter

and amplificiransissighT éUsHatees 0ff 4o ERBIN 7w EeLENe JUian] PHeisRHARE $h6wn in FIG.
17 separates ¢ nents internal t r 150 ich.are shqwn to tha ri d line,
ke 'Eﬁ & %%%'ﬁé%grgﬁ%?”\,%hi %ﬁﬂi@e ’toéfﬁ?é’ %‘f’té &ﬁhe ogtqug cIlijf1%:?}((.‘)]loEE‘I'FeoIIer 150

from compoﬁ'en s externa

includes a ngAtinteeend Elclubisd, conhents ématvgrtalati gitaligitat wersiertdrekids Thitsigenls entering
multiplexers 171 from the top are control signals from controller 150. Each such control signal uses

three bits, toldodréheeraalibRGMGESHARENGSFRYSE DI RNy SRePal 3B RcF R Eifice for
conrling e o 21 09 0% BEFIE RN 6 g oo conrl

selection of multiplexer 171 receives an output enable control bit, OE NOT, from
controller 15thd\thenSpH biecTils ised penerb, tht fBdivet Bulpem tibcd @ads RDusiépath®hen OE

NOT is set to one, the PD driver outputs a high i nce_signal. [00117] TABLE | summarizes the
logical input@tﬂ%ﬂ??él&?iﬁ%nﬁrﬂged%iﬁ%gw ?FF[' ib@géf‘ %%'{Pfc%b?%%ﬁ%’ VISHIrB'en Breciated by
those skilled.in tag eyt that the Hieipnd seconthsritguratiansiwisa o withuginpiimamultiplexers
171, are based on providing PD ROW and PD COL signals, each signal corresponding to a

signal-geneiatiagreitouit/ oneaaytarakmtof Ak sterdikbRith el hueits h des@tRirRe with the

second configuration arate current integrator cells are assi SHP.QFO mn PDs and
to subgroupggg%w Igf)ipnﬁeg .98H8r§ijﬁ¥g&1%n%85?§t8rm rﬁgynggiiﬁlﬁg%te% to eigk#g?)osjf ?r?t IS
embodimeniaplipi Ry IgIALOHH pherdiR@tedqrovided, one input for each subgroup. Controller
150, as shown in FIG. 7, may be used this way to accommodate 64 PDs grouped intg eight

subgroups, 1#9%bht iNbEtsiHEkEB BaatiCinyisiseeiasanl, 3nd SRmanplae dredgtRbow 1, PD
ROW?2, PDC%%)\%%igP t;%aWs—ﬂt @Pepc%a R €545 turned off, by turning off

transistor 73. At step 1175 the method waits for the conversion to
complete.

[00142] As with the method of FIG. 20, steps 1105 - 1175 of FIG. 22 are
repeated for a plurality of pulses. Values when the LED is on are
accumulated, and values when the LED is off are subtracted, in order to

measure the ambient light.

viii. PD Signal Filter and Amplifier 175
[00143] Discussion now turns to the type of signal filter and amplifier circuit
used, if any. FIG. 23A is a circuit diagram of signal filter and amplifier 175
used for PDs arranged along one edge of touch screen 100, in accordance
with an embodiment of the present invention. The input to signal filter and
amplifier 175, denoted PD_COL, is the output current from a selected
column PD. The output current of signal filter and amplifier 175 is sent to

controller 150 via the TOUCH_SIGNAL signal shown in FIG. 7. A similar
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TOUCH SIGNAL and TOUCH SIGNAL where TOUCH SIGNAL and TOUCH SIGNAL_2 are used as
PD_COL_3 and PD_COL_4, respectively. vii. PD Current Integrator 180 [00120] With regard to the
type of integrator circuit used to bias and sample PD current as it enters controller 150, several
alternative configurations and methods of operation are provided. [00121] According to a first
configuration, each of the PLLROIN and the PD COL signals entering controller 150 is coupled to a

biasing resigier et seisSheWRF 2L 8EPHHFaL08 APSHE < CaRRf) teh Bt irieg@iesdh ednereurrent over

time. In this regard reference is how made to FIG. 18A, which is a diagram of a resistor-based current
integrator 180nesdl 1O rncesaasitLPENEdeprere seteietaddiesk BEteand se@ndsabterdance with an

ternal 1 cONLENLLEEE Un AT S rt P B s HL A oH L e

internal to c8 n line, from components external to

controller 156r@/hich appea thibe defhehthallettethlinaing0222RMutomidgAo acgecenghednfiguration,

the biasing resistor is removed, and a transistor is used to set a voltage amplitude range. [00123] In
this regard, PSRRPICEIE Govdttitieong Hitter gm iR er fHGHIES 678 HaRYINWEIEPaBRE current

integrator 1 in. conjuncti ith.P i 40 | [ with an
embodiment S T e P R A e T A e R
internal to coptthibesddédhdvhibhraceisteevonidi the-aigbih of thetistteaksknad iitio manRianR ot/ external to
controller 150, which appear to the left of the dotted line, A transistor Ti is located within controller 150,
and is used ¥'efile sigrale prenisarhpr RNy L ed B dR P BUIRRR AlARE dRBEIRnts of the

present inveégmoﬂgmg_g@_nts external to controller 150 are used to control the current. [00124] When
transistor Ti IS open, capacitor C charges, arid integrates the current, i, flowing through the photodiode.
'the voltage [®0d44] is Gheeibguit shown in FIG. 23A includes two filter and amplifier

paths. One path ends at TOUCH_SIGNAL in the middle of FIG. 23A, and
another path, which performs a second filter and amplification, ends at
TOUCH_SIGNAL_2 at the right of FIG. 23A. In one embodiment of the
present invention, both outputs TOUCH_SIGNAL and TOUCH_SIGNAL_2 are
connected to controller 150, and firmware running on controller 150 is used
to select one of the two signals. In another embodiment of the present
invention, only one of the outputs is connected to controller 150.

[00145] Signal filter and amplifier 175 includes passive sub-circuits that
have two resistors, such as resistors R10 and R11, and one capacitor, such
as capacitor C10. Resistors such as R12 and R13 are pass-through zero-
ohm resistors.

[00146] PD_COL connects with the ADC input via resistors R10, R12, R13
and R14, and via capacitors C10 and C11. According to an embodiment of
the present invention, capacitor C11 is a zero-ohm capacitor. The signal
level is set by resistor R13 and capacitor C1. R13 sets the voltage
amplitude range entering the ADC, and C1 integrates the current to
generate voltage input to the ADC. According to this configuration, the
signal does not have to be biased to within a predetermined range, such as

between V and VCC, because open collectors are used to read the active PD
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When transistor Tl is closed, capacitor C discharges, and the voltage over C is reduced to O volts. In
order to obtain a precise measure of the current, the sample and hold (.5/1-) element in FIG. 18B is
discharged before sample integration begins, and S/H is open through sample integration time. In this
embodiment, the analog to digital converter ADC in FIG. 18B is not active during integration time.

[00125] In an alternative embodiment, S/H_is configured to, sample at the end of the in {on period,
without pre\ﬁb'lsgk'/th Mﬁ'd' cﬁan‘%S‘i!h'é‘ lh?é%ﬂ%géatcfo?sgpna!h'% m 8d7r%1%§:?, %ﬁgﬁgg\ay be a

voltage diffesgatigkRetween the capacitor associated with S/H and the integrator circuit. [00126] As
indicated hereinabove with reference to controller 150, elements illustrated in the figures as being

external to d8Mtddler ApoalayNative s anpldittentanenamelidienisissnd ts ebawelEr F3&{00127]
Reference i m | Avhich r j ' i in ance with
o emboainea e o R B B e
current in capabiteliGanteset OPzarm piflendctnsiktonTois tonped affceapacibnt Ecbeginttagegrating
current over time. The measurement used is the current valye at the en%g(:g the siggle window.

[00128] TheaRkfibi-bEsed ERf IRARIaRRGal LR AR LAEALIOM LY Sy Y2 4R30rs for setting the
linear amplificati RD si ' thighgibias (o lowifegueelmaise. such as
ambient Iigr%%j:“rIL‘E'(jl,Rc':l\}i;,E g@h??@%@&gﬁﬁigﬁi%rigﬁggﬁmore trlllg%athe Iightlpulse. Moreover, the
system measw aethéarsbiprivéiphesensgdtoyred dasigeatdd PIbptntieikyslimegs.light pulse from a
selected LED, in order tg establish a:#) seline value. Tﬁ s resistor bigs.to | ére uency ambient light
amplifies théogmﬁientﬁiﬁ%ﬁrﬁﬂﬁgsl@ré: é‘lt e HHh Ilﬁ%taa SR 'zg'sq.ﬁ—rg'\r% ntBY Lhimitiating these

resistors, the,3yHeRL"8UINBSRIFMEAE exss 8 dirsctfeubesianben! lighideeasmements ame light
pulse measurements. [00129] Another advantage of the transistor-based circuit is that the resistors in
the resistor oofigticuives teefusig telditenant aaiajifigs)l dBdesgabasestreitaisd@fhdiis, than
transistor Ti, In S les use of shorter int twe f sive PDs,
as well as bgmi@é%?jcgs%%esé UPelrﬁeR%%f?heé\%f'mze'gé. wgﬁyjﬁgmfn?@gesﬁﬁﬁw fch a

successive QEhgefiepirsa gt Aubrtgorihsihsuchdipises toacia preveud 80, prietaissaly long
discharge interval is required to fully discharge the circuit below the ambient level of the previous PD

with the resictrephfiRiarorelerirdpren &R Ok RIS theuRvdiSerieatd® RO hich the

resistors are el \atefl, S e EHERAL M LRYERIERb B I AAEnIgurated over time, with e
In

residual curfent presen e measuring Circult; the transistor-based circuit requires uniform
measuring ifgerdajs. Ahruehithidicoafigusdoa leqyegshareciseatigimgrioedsut® thhnfreate
measurement be integrated over the same amount of time. In distinction m/hen resistors are used,

because they@heanHdiEralinsgrRdadbal£ApRgS AAE RIPY r'i?\'f;&ﬂt%ﬁi'i Qdtfequirements. Clock jitter,

for example 4ijagirs RHEMARERTBMURIAIM M RaSERIoRAsEH FiEutsamafesgrthal for systoms
with resistors. [00130] Reference is now made to FIG. 20, which is a simplified flowchart of a method

for PD sam@ithgpintagedrdhavéngithich fnegodimygmesporssr@sshioneasdn. Fawayehodsiown in

FIG. 20 relates toft e trransisEor-based circuit of FIG. 188 gsedag:l)osnam I(Ia_ .rQ]s. [00131] At step 1000
all transistordT & 2! #453Gy 33'4& fﬂrrtu@(y 0¥ AP 'Biﬁbg‘ LY IREE y?t]rning on transistor T2.

At step 101Qghesf/H Airbtir-erimed antiapsisisisdy wnenfr diktsisuserrapadiaric and the
capacitor inside the S/H circuit to discharge. If the S/H circuit is not discharged, then residuals from

previous medirEcamantifigative. iatrs@yced1 50k A/ RRHHER @sER Yo Wl diBgNREStep 1020

o T I B4 D B RATES e et o
PDs having a large signal difference between them. E.g., suppose a first PD
receives little light and is amplified by the transistor-based amplifier to be
within a designated range, and a second PD receives substantially more
light, based on its position relative to ambient light sources. Then the
transistor-based amplifier, having greatly amplified the first signal, will also
greatly amplify the second AC signal, and also the rising edge of the

difference between signals, including the second signal DC values. The
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circuit is opened. At step 1035 the method waits for at least the minimum amount of time required by
the S/H circuit; e.g., 1 ps. At step 1040 the S/H circuit is dosed, and the analog to digital conversion
begins. [0132] At step 1045 transistor Tl is turned on, in order to discharge capacitor C. At step 1050
the method waits 1 ps for the capacitor for discharge. At step 1055 the LED is turned on, by turning on

t istor T3. [00133] At step 1060 t ist j IS t d off, t [ [ ion/
meas.remehtAD Lat U068 TGV i 4 B8 RbME B R G aTafy the same
amount of tigge-g8dnrete B2 anSiaPyLARS teslntie dosiperboimesaer] Metemakindithe Sitbgecuit is

opened. The conversion from step 1040 must be ready and stored. At step 1075 the method waits for
at least the AaNimtMa amount of time required by the S/H circuit; e.g., 1 ps. At step 1080 the S/H circuit
is dosed, and the analog to digital conversion begins. At step 1085 the LED is turned off, by turning off
transistor T3. At step 1090 transistor Tl is turned on, in order to discharge capacitor C. Finally, at step
1095 the methazl voussi¢pefor shachagaeweriat 0@ charge. [00134] In accordance with an embodiment
of the present invention, steps 1000 - 1095 of FIG. 20 are repeated several times, e.g., 5 - 20 times, in

order to obt&M B Hlurdigf eneadsRasradfde (FLG £24s WhIGh SARIRG B M &iiBments when
the LED is t‘ﬁgﬁg)ggggmw Ayphignteighd isithen measured by accumulating values when the LED

is on and subtracting values when the LED is off. [00135] In this regard, reference is now made to FIG.
21, which ill{s0148]s niefsursngeaisbiet lighteytsuRTGifg PEBeswhieniaraLdBJson aha sebsacting

I hen the LED is off, in ac it bodj t of th ti tion. | f
Comples A (ATSTRBUIF A, B B S GhAP e B 2CT B AP Ev AR 1OR Sl to nose

ratio is giveryR¥e s ISRl ROSEhENSBIER inpeavidHIalSHARASH FI & VI ReEgihat is a
square of power. The noise is accumulated by a power metric that is the square root of the voltage. In

case the sigpRticasiguifaaatyftasthg ik théchsckigiounnddat temtiod blwdriersisasEwe PD
side. The focal length, f, is not necessarily the same as the distance from

the LED to the last lens surface, LENS SURFACE 2. It may be larger or
smaller than such distance. If the focal length is smaller than such
distance, then the light spreads over a larger receiving area, and the
receiving side scans a larger area and thus receives more background light.
Nevertheless, there is an advantage to having a focal length slightly smaller
than the distance from the LED to the last lens surface, because an
optimized design is able to sense for tolerances of the optical elements.
[00154] Reference is now made to in FIG. 25B, which is a diagram of a
lens assembly for distributing two groups of light beams, denote by X and Y,
in accordance with an embodiment of the present invention. Shown in FIG.
25B is a lens assembly aligned substantially parallel with the surface of the
touch screen, and a second lens assembly skewed at an angle with the
surface of the touch screen. The second lens assembly is arranged so that a
finger or stylus positioned near the touch screen, reflects some or all of light
beams Y to the PD receivers.

[00155] It will be appreciated by those skilled in the art that although
FIGS. 25A and 25B illustrate convex lenses, concave and/or convex lenses

may be used to achieve the dual foci.
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[00136] It will be appreciated by those skilled in the art that the method of FIG. 20 affords many
advantages, including inter alia: quick switch between measurements of different PDs, and short
settle substantially equal amplification of background (AC) and hght pulses (DC); and ability to
measure pulse trains. [00137] In an alternative embodiment of the present invention, integration and
analog to digital conversion are performed in sequence. This alternative embodiment has the

advantage t o itor | Pl cireuit is dis g [ gﬁn rent integration, providing
for more ac:ﬂ%té e msgﬁérlgrﬁlgn%g%%sbiﬁfﬁr%%%avl\@r?lgﬁvig ér%;o iir??lrear)ﬁgl m&%‘?\’qﬁeﬂnt@ using an ASIC,
then the intefgiswriag dtijedtitvegray be in the same function block. However, if analog to digital

conversion of a first signal is to be done simultaneous with integration of a second signal, then the

integrator and the &3HWeuRSHRAASIRIS PIENRIAEIBH Bl RETHBE B8] REERNce is now made to FIG.
22, which is a simplifige{lowchyLahl GHEHRAYEHBMBONACk B HNRHRY dR-REOEIE with an

embodiment of the present invention. The method shown in FIG. 22 relates to the transistor-based
circuit of FIG. 18BPilised to sample PDs. [001391 At step 1100 all transistors, Tl, T2 and T3, are turned

off. At step 1105 a PD s selected by turning on transistor T2. At step 1110 the S/H circuit i ened
and transistor T} istEﬁrPle' W”ﬁf§§%%&%?ﬁ%‘&%§?ﬁ@ﬁ*ﬁo% Eﬁaéitw}qﬁsﬂjsstﬁ S/H
circuit. If the S/H cifuit 8 BeHiveBArBEDNRMISIHHAITRE REprEPHRAGE R TRIRGIS| taygarise. Al

step 1115 the method wafts 1 ps for the capacitor to discharge. At step 1120 transistor Ti is turned off,
to begin current infeegHion betwtepn lightheardtiodaits a designated amount of time; e.g., 10 ps.

At step 1130 the circuit is,dosed, and the analog. to digital conversion ins! t the
method waits for ﬁ#gl%é’r?\%'%%E?@%Osﬂgﬂafl%%t&ec%ﬂ%pﬁ]ﬁ%? [881%’] ?A'%&gggf’hﬁaﬁgs%ﬁ%ﬁ is
turned on, to dischangaerPaciprthe aAing@artircuit is opened. At step 1145 the method waits 1 ps
for the capacitor to discharge. At step 1150 the LED is turned on, by turning on transistor T3. At step

1155 transid@H¥7ls t&ﬂﬁ@f@ﬂ?lﬁoi%éﬁlwmiﬁ@eﬁmﬁn ?ﬁr@a%@@g%@ﬁt. WhigB 1260 the method
Bt L i i i
conversion beginsibleste FIGSth23A R isIt@BB( offabydrdamngeotiittarsiseamb8dikh stepdf175 the
method Waittshg)rptrheesggp\i/r?\r/%ig?ié%.<:o_|r_r||1p()elesti%!1p“ﬁed lens assembly in FIG. 26A resembles
that of a camera lens, and is useful for determining LED and PD die sizes,
denoted by d, focal length, denoted by f, PD lens aperture, denoted by a,
and distance between LED and PD lens surfaces, denoted by s. The PD lens
aperture is approximately equal to the distance between neighboring PDs
and to the distance between neighboring LEDs. Ideally, the LED projects
over the PD lens aperture, which corresponds to the relationship d/a = f/s.
Sample design parameters for a horizontal lens and for a vertical lens are
provided in TABLE II. Itis noted that the horizontal and vertical foci are
significantly different. Ideally, the horizontal and vertical foci are directed

away from the LED center, and towards the target PD, so that all light

emanating from the LED lens arrives at the PD.
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[00142] As with the method of FIG. 20, steps 1105 - 1175 of FIG. 22 are repeated for a plurality of
pulses. Values when the LED is on are accumulated, and values when the LED is off are subtracted,
in order to measure the ambient light. viii. PD Signal Filter and Amplifier 175 [00143] Discussion now
turns to the type of signal filter and amplifier circuit used, if any. FIG. 23A is a circuit diagram of signal
filter and amplifier 175 use ABLRTH aDapiged: in accordange with
an embodiFEREEETes EFF{‘EY@FTT i S
is the outpfit current from a selected column PD. The outpuf current of signal filter and amplifier [L75 is
sent to conti@egidfixa the TOUCI-L SIGNAL siggal showhamFim 7. A similar, 3ciguit (not shgwn),
used for PDp@midanged along the other edge of tough screen dnprocesses curenbdiom a selected
row PD, arjcapergisdhe output current to controller 450 via ong wfrthe PD ROWinrsignals shown jin FIG.
7. In this enisdinuenbetiveeen&ining PEDROYEsandsPD  COL 3igmats are not ysdtimAdditional filter and
amplifier cif€aisl &zegibed when PDs along one edde are grodpdiinto subgraudsus described @bove
with respect to the second PD receiver configuration. In this case additional PD_ROW and PD COL
signals are used as required by the number of ADC inputs to controller 150. [00144] The circuit shown
in FIG. 23A incggm/ﬁégtﬁbﬂpm&@}pgmgpqg@h ends at TOUCH SIGNAL in the middle of
FIG. 23A, and another path, which performs a second filter and amplification, ends at TOUCH SIGNAL
2 at the righf09i1F8G. 289ndateraf hehpdanent ofvea Preseatdbe dntiapphioahiongies TTBUOHCBIGNAL

and TOUCH SIGNAL 2 are co Rectedé%qP1 contrcﬂ}er 150, and firmware runnip don ntroller 150 is used
to select on€Yftha éqi%?%d;. MHRBRRY Em Siﬁgﬁymh 'sﬁr‘éi%'ﬁf‘iﬁ%r!r%o Sgﬁn}’ 3hie of the
outputs is cQRpaetsgddesentiHeer PHo R ARl Sianaifdtphaned aantiket 179 insludes passivas

sub-circuits that have two resistors, such as resistors RIO and Ril, and one capacitor, such as
capacitor C/DORe&i$kRs stk adavicedn RIGEFPEERE-BRLGH - Epe@mPaeeh &R §iwis)

PD___ COL ‘S:V?nggcts with the ADC input via resistors RIO, R12, R13 and R14, and via capacitors C/O
and CIL Accoralng“{b an embodiment of the present invention, capacitor Cl/ is a zero-ohm capacitor.
The signal level is set by resistor R13 arid capacitor Cl. RI3 sets the voltage amplitude range entering

the ADC, and Cl integrates the current to generate voltage input to the ADC. According to this
configuration, the siglal YR BRRY¥ LRI RRIGRIGRMICHRBJetermined range, such as between

V and VCC, 5fay{se ROSAARLEEIPTR ¥ Fa§C8 K 4RATdRS BEVEURRL of PD receivers 140 is

processed by controller 150, to determine, from the measured light

intensities, if one or more objects are positioned over touch screen 100.
The optical assembly of FIG. 25 enables measurements of light intensities
at several heights above touch screen 100; i.e., three-dimensional
measurements at various heights over the surface of the touch screen 100.
In this regard, reference is now made to FIG. 27, which shows three-
dimensional measurements of light intensities over the surface of touch
screen 100, in accordance with an embodiment of the present invention.
The top chart corresponds to measured light intensities at seven locations,
when no finger is positioned on touch screen 100. The bottom left chart
corresponds to measured light intensities at the seven locations, when a
finger is positioned over touch screen 100. The bottom right chart also
corresponds to measured light intensities when the finger is positioned over
touch screen 100. The bottom right chart corresponds to measurements
taken slight after the measurements used for the bottom left chart were
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output value. It is noted in FIG. 23A that the ignal is in the range of +3V and below. [00147] An
alternative signal filter and amplifier circuit is shown in FIG. 23B, in accordance with an embodiment of
the present invention. In this embodiment, an OP amplifier acts like a low impedance current to a
voltage amplifier; i.e., a trans-impedance. This configuration results in less sensitivity to capacitance
and truer current sensing. For this embodiment, the relationship between light and current is

substantiallylipes PALARMEALAIOGO 238 lanel flterpachaBlfierhEy fageives as input the

output current from a selected column PD, denoted PD COL. The oufput current of signal filter and
amplifier 17%5sxsenttal colusalterol Bleviadioh SOEEM SAGNAkEsighdighbwténsikg.ig . beisimilar circuit
(not shown), used for PDs arran %g along the other edge of touch screen 100, processes current from
a selected rar?g@%ﬁﬁ s %F?é H?ﬁutgc%wé}ﬁ'é]%ntroller 150 via the TOUCH SIGNAL2 signal

shown in F'%oid@blﬂlﬁmi%mn&beéiaméﬁgﬁe@ Ia?gmg@swmwimi&@%emsurfﬂ@te high
a

amplification grade that causes the amplifier to oscillate. [001501 The discrete transistor amplifier
circuits of FIBe2sarars ontdohlighje M easitighigh estpien biciebpoasw ¥ad Mielts6ra8bwever, they

ransistor anigET EHEITE TN B3 e AL OE S HEATER S PERLALR o S BB eenver may

thus be made gakirelr &< AOBNt REQYEVR] tBr FIEN2 Mahartsietahes seifting:hetivegimgérs having a
large signal difference between them. Er(‘; suppose a first PD receives little light and is amplified by

the transistoP@EEeMaATpIme Betham Rhaed dfyBokii dabbrd P rdesokadBYstantially

more light, b on i Sjti [ ient.light . . ihestrapsisiorRased amplifier,
having great@fggfpﬁ%% %%qu%éﬁéﬁgavﬁﬁﬂg%@% éﬁ%f@?ﬁl QS%@OHF%AC si%rﬂaand also the
rising edge ofrtiee difference hefvessnsiteats caslirding:tite $ecthd sigoatiCtsatuahld@he
combination of these amplified DC values, toq:ether with the AC of the second PD, may amplify the

resulting sigHSFBETHRRLAR RiRiFASTHEIBE ¥ RO 2. HhEs S adht 8cteeiP100

substantially downward, then the magnitude of the velocity vector is an
indication of how hard the finger is pressing on touch screen 100. If the
velocity vector is substantially rightward, then the finger is making a
rightward gesture.

[00161] By determining motion information, touch screen 100 is able to
distinguish between a variety of user inputs, including inter alia tap, press,
and directional finger gesture, and to process them accordingly.

[00162] Reference is now made to FIG. 28, which is an illustration of a
touch screen with three-dimensional sensing functionality, in accordance
with an embodiment of the present invention. Touch screen 100 functions
as a three-dimensional sensor. Increases or decreases in light intensities
measured by PD receivers are used to sense the presence of a finger or
other object above the screen surface. As shown in FIG. 28, a lens or array
of lenses, distributes light emitted by an LED in a plurality of directions.
Two groups of light beams are identified in FIG. 28; namely, light beams
denoted by X, which are directed along a plane substantially parallel to the
screen surface, and light beams denoted by Y, which are directed diagonally

across and upward to the screen surface.
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[00152] Reference is now made to FIG. 24, which is a diagram of a prior art lens assembly for an LED
and PD. [00153] Reference is now made to FIGS. 25A, which is a diagram of a lens assembly for use
with LEDs and PDs for a touch screen, in accordance with an embodiment of the present invention,

Shown in FIG. 25A are four optical surfaces for the LED lens side, and four optical surfaces for the PD

side. The foca| length,,f, is nQt necessatil edi e [B%IR the last lens
surface, LE@@RFMS@&S I% r%ab%?l%é%%%?@?n%%%aﬁ%ﬁ%gdig:t%{:l]éeﬁ— the f%tal length is
smaller thamsegbutistaaitafthgntthehight Sprendscovarfnigegerrethbingbdees, ismbtigarediving side
scans a larger area and thus receives more background light. Nevertheless, there is an advantage to

having a_foc@%%_@lﬁfﬁﬁ@rﬁﬂﬂ@%a# #Rilgcta RSN BBk aRNSsY IEnE SR ite, because
an optimized gesign.is Qf%leaf[g&%]g& fentolsraness 8F fas apticarglepis s AP 4LEsghsgse is now

made to in FIG. 25B, which is a diagram of a lens ‘assembly for distributing two groups of light beams,
denote by Xsandes, indccredmack ligitit amtensindimeresgiahdip@sorithavamtionf SpblvbéamIss. 256 is

a lens assembly aligned supstantially parallel with the surface aof the tou creen, and a second lens
assembly ske@Bd i‘aﬁtdﬁ@}%iﬁpﬁggaﬁg&& Eﬂgﬁgﬂﬂ?@é&tﬁﬁgr@%ﬁ%f &embly is
arranged so-fhpd @ifjRosk RIcEhduR RemtoRAd alepe I iPpentcseeRerefaels sarerr all of light beams
Y to the PD receivers, [0 155] It will be appreciated by those skilled in the art that although FIGS. 25A

and 256 illustnitersmsvesflentios, @f)ﬁczh\ieb@m Eonyex lenses may be used to achieve the dual foci.

e e iR A ) AR RS R s g =

arrives at thgiffBreHieligpiizent siampenests el dheylightbarieisbp drbespomitieggdthe
proximity of an object to a touch screen surface, in accordance with an
embodiment of the present invention. The middle portion of the graph
corresponds to light beams X, indicating that no object is obstructing light
beams X, and none of light beams Y are reflected to the PD receiver. This
portion of the graph is the default PD receiver intensity when no object is
near the screen surface.
[00165] The signals shown in FIG. 29 rise and decline. When the PD
current is activated, as shown at the bottom of FIG. 29, the signals rise.
When the PD current is terminated, the signals decline.
[00166] The highest portion of the graph corresponds to a finger or object
reflecting a large portion of light beams Y to the PD receiver. As the finger
or object is moved closer to the screen surface, the magnitude of measured
light intensity changes, based on the amount of light beams Y directed to
the PD receiver by the finger or object. The effect of increasing intensity of
reflected light beams Y is similar to the effect of increasing intensity when a
finger is brought close to a light bulb. Namely, as the finger approaches the
light bulb, the intensity of light on the fingertip increases; i.e., more light is
reflected by the fingertip.
[00167] When a finger or object is brought very close to the screen surface

such that it blocks a portion of light beams X, the measured light intensity
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distance between LEDs, which improves performance in interpolating position between light beams;
and the vertical components of the light beams are limited by the height of a frame over the LCD
screen. [001571 Reference is now made to FIGS. 26A and 26B, which are diagrams of simplified lens
assemblies corresponding to the respective lens assemblies of FIGS. 25A and 251%, in accordance

with an embodiment of the present invention. The simplified lens assembly in FIG. 26A resembles that
of a cameradbhBeaRl FEGELIET FF Wt ED a]é\) Fﬁ’ﬁ ﬁ?@%&n@&@&aﬁy &S foeat Brgth,

denoted by (R0 I5RSRSIIHES HARLAIIN 1 AN ilARIoe IS B RIkER sl RRJansmeurfaces,

denoted by s. The PD lens aperture is approximately equal to the distance between neighboring PDs

and to the diztamce KetRefamisigHbathn §o EDESII2Ry, REAEDpRfedDsecthsab teadighérture,

which corresponds to the relationshi a = f/s. Sample.design p eters for a horizontal lens and for
a vertical Ieﬁﬁ%n%sb%é]ﬁ%%c%cfﬁﬁ L%PIW EF RS’ gﬁ%@%%r?zﬁ%?éﬁe&e%%% )§JC|' %e?ésignificantly
different, Ideplly sthe diorizeriakandheaiticrl fsharehiekied pomioiiont thhtbaester, and towards
the target PD, so that all light emanating from the LED lens arrives at the PD. 3. Applications of Touch

Screen 100 [00158] Aspects of the present invention relate to applications for the touch screen

described hereinabOVﬁ._ Wgﬁﬁéumoqj'%cwgpagg%ydesuser input based on finger motion, (ii) mobile

phone handset, (ii) touch-screen as mouse-type input device for a computer, and (iii) touch-based
storefront wiodogs]i. Uses topishbsaetkns binger pretsemfddizolids indicaadirukGp seRavlie 6B, the
output of PD receivers 140 is processed by controller 150, to determine, from the geasured light

intensities, ifeheBAhBreRiigRroRRspRIiRME: Bk Rk e fave PRECG PRt mbly of FIG.
25 enables meagurements aidiokiptensiies ey ARAMSIIPES dhavesd SSRRILAORa b8

three-dimensional measurements at various heights over the surface of the touch screen 100. In this
regard, refelengead noWheadre ah BiGe2sskioreshn i et dinssn fion st asdang dwiedits of light

intensiti th face of touch 100, i d .with bodi t of th t
ivnion. THEXGH Lot EORApGHTE £ LLRAF AP o HISE ) PG AT SR R nger i

positioned ogHgHeNREHEA 100. The bottom left chart corresponds to measured light intensities at the
seven locations, when a finger is positioned over touch screen 100. The bottom right chart also

correspondd@816fiasedPighidationities @ﬁ@@tﬁ@ﬂﬁ@ér@p@%ﬁféﬂ@dNE@RM&T}IQ&\'een 100. The
Dotom Mgt A IFER ST SHEMT AR THTROPHRAFRLEIFY! GRICR DY BRUSER g ised for the

bottom left chart were
describes a system for identifying the location of a pen above a sheet of

paper, whereby the pen includes a camera that captures images of a
varying pattern on the sheet of paper. A computer unit analyzes a captured
image and determines therefrom the location of the pen. Further, by
analyzing a sequence of images captured by the camera as the pen is
moved over the pattern, the computer unit identifies strokes made by the
pen.

[00170] In one embodiment, the present invention provides a similar
system for a touch screen. Instead of providing a pattern on a sheet of
paper, a light pattern is projected over the touch screen. When a finger or
other object is positioned above the touch screen, the finger or other object
reflects a portion of the projected light pattern. Only the reflected portion of
the projected pattern is substantially visible.

[00171] A camera communicatively coupled with the touch screen captures

an image of space above the touch screen. The captured image shows the
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taken. The difference in charts indicates that the finger is moving downward, closer to the touch
screen. As a result, light intensity is being blocked at lower z-values, i.e., heights. [00160] It will thus
be appreciated by those skilled in the art that the measurements of light intensities at various heights
above touch screen 100 enables determination of both position and motion of an object on touch
screen 100. Referring to FIG. 27, the distance between the finger positions from the bottom left chart

and the botigayight syt SeTAYeeh INRIST GPtRE dstguminer (o e iegisiy readings

Knowing the time difference between the"measurements for the two charts enables determination of a
finger velocityavesttattéidtite wetmoity obetdiiatsdbbtamialgs dbverineatiocthef tie fiageirueieahe

velocity vector is an indication of how hard the finger is pressing on touch screen 100, If the velocity
vector is su%ﬁﬁ%ﬂygrg%ém:'q et thEH e?@grs(mgg%?i Qege'&lﬂ%?[o(');fé%'?%’y §¥termining
motion inforgiafigmirgusssireitd O isrRie dadistinadshsbaiwernyavariehel usisjeputs, including

inter alia tap, press, and directional finger gesture, and to process them accordingly. [00162]
Reference isneoiesmaidertthel Gz wtiiekns Hidlkettandenidenifitssersbiptiae haesttiiensional
sensing functioaalig, 'ﬁha?f:ordance VH’tlh ang,m&odiment of the present invention. Touch screen 100
functions as AAredXaMenSiS LeRsor IfcrEases or decreases in light intensities measured by PD

receivers argypey] o RenseHie NEeaeRceneide ftagPI QL GO, objsichalgoysthepttieen surface. As
shown in FIG. 28, a lens or array of lenses, distributes light emitted by an LED in a plurality of
directions. Tlesgratips & ighasdsrt QQQdéHﬁTiécFWPﬁGCZQ,eﬁaM, HRCEREANBR HY X,

b e ERSISLAIOOG R AN SHOSAR AUCRRIGH (R BBL AT 80 dilikRae conored

by V, which are diagonally across an e screen surfac ] When no object
is near the @ bdadertbd B Bhaceiverks pastimssati fo ohiivejentex] byhprogefatge6drther
object is positioned above the screen surface, it reflects a portion_of Iri%%tgr)eams Y to the PD receivers,

via a secon@¥h8 deasr@Ldr bR AP B R gNE PAEE R HRREGT LE andEREL Y dht intensity
correspondipg In thesun-Qf light BeamseARddYad yHlldiernpredaie Redngns Yligdinihe art that

use of a reflective object, such as a silver pen, to point at the touch screen, enhances reflection of light
beams Y. [0bd6Y & efenehct & thowughddeoatibe2ioo pdiidhds .a Beapledl6Xhting Wifferent light

intensities measured by a PD, receiver corresponding to. imity of an object to a toych
surface, in ESF&‘&HB’egWiB%Wﬁ%B&ﬂFSHﬁ B tﬂgb%%%ﬁ{m%r%gﬁ% Sl#]%&%?}%é){%ﬁno%ctrﬁs rgl]raph
correspondsigdligBhbaamspsriistiGineihat nahabipshipabsi gbrei et pegseXnane fops of light

beams Y are reflected to the PD receiver. This portion of the graph is the default PD receiver intensity
when no objettligitebrlgitatsic@ptsu@acaich other shape. Barrier 613 may alternatively

be a grating, with openings through which light projected by projector 610
passes. When projector 610 projects light at barrier 613, a light pattern
620 is generated above touch screen 100.

[00173] Handset 600 further includes a camera 630 which captures images
of projected pattern 620. When an object, such as a user’s finger 640, is
within range of projected pattern 620, portions of pattern 620 are reflected
by finger 640. In turn, the images captured by camera 630 show the
reflected portions of pattern 620, from which distance and position
information of finger 640 is derived. Since finger 640, or such other
reflecting object such as a stylus or pen, is not a flat surface, the reflected
portion of pattern 620 is warped or otherwise distorted when viewed from
an angle other than the angle of projection. By aligning camera 630 with

projector 610, the images of finger 640 are captured at substantially the
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[00165] The signals shown in FIG. 29 rise and decline. When the PD current is activated, as shown at
the bottom of FIG. 29, the signals rise. When the PD current is terminated, the signals decline.
[001661 The highest portion of the graph corresponds to a finger or object reflecting a large portion of
light beams V to the PD receiver. As the finger or object is moved closer to the screen surface, the
magnitude of measured light intensity changes, based on the amount of light beams Y directed to the

PD receiver e fi . ject. T, t of incraasing i iyof seflectest gt beagsy is
similar to thé:]?e(ﬂ%cg gﬁr@r%%@%@ i%ltseﬁg’ité\yﬁveggﬁ g‘%\%@?@bﬁ%ﬁéﬁ clgée toa IighlplygElb. Namely, as the
finger approaches sihgnifibahtilp distantedsity of light on the fingertip increases; i.e., more light is

reflected by the fingertip. [00167] When a finger or object is broyght very close to the screen surface
such that it BY82¢8la RRIGHESK It BQM%?%@*@% QBN RS ﬂﬁ"%‘t‘%‘ﬁgPD receiver drops

to below its fefayhMBlierand ARRIPACHEDESIR Gietie A Rife! tREChs bR BEKReaGRe s ulstNtially
completely blocks light beams X. Referring back to FIGS. 25A, 26A arid 27 it is seen that the light

intensity detecutbydaRE raidiven isma hacditensief hgepresantiniveittas scrberPaltrice Ofvhen the
finger blocks,a portion of light he . H. Mobile Phone Handsets [001 he touch screens of the
present inveqfﬂ%sj}%%%ﬂﬁb&é%y%ﬁé%%&%ﬁﬂ%@oﬁ?e p%éﬁe ?Eh'l 'ﬁg? %eg ﬁg\}g these touch
screens do ReiiRAEREEEYDa(m StarhEsaEReng hemselvasdnansrsue. aa ipuehdrmsedreypads.
The touch screens serve as input devices, for receivinﬁ touch-based user inputs, and as output

devices, for d@ipRafitgydathguhtritddaskdekonis FritReEE0bY 01285 BARicamshanBoYPR/007533
Al entitled ||%|? Ap :%ﬁ%@l\lég ggm TEMswagH&qzﬁﬂ%ﬁgﬁéﬁéﬁ%w L:B’VSOI’] et al.

describes a System 10 Ihg the location of a'pen’above a sheet r,-whereby the pen

includes a camslixihgtttrppite magasods astedngipaytéimgar B4 6heke dbpapescheeamputer unit
analyzes a captured image and determines therefrom the location of the pen. Further, by analyzing a

sequence ofPRAGRILEEArtpEmHamdNa FErREad R PRANS hRRRIH V& e pei@AOtRe!8biputer unit

identifies St%%&ﬁdﬁcpé(eﬁlﬁw-
[00175] Finger 640 in FIG. 30B reflects a pattern of seven dots. As finger
640 moves to the right or to the left, different dot patterns appear on finger
640, based on the dots shown in FIG. 30B to the right and to the left of
finger 640, respectively. Similarly, when finger 640 moves up or down,
different dot patterns appear on finger 640, based on the absence of dots
above finger 640 and the dots shown below finger 640. As such, the dot
pattern on finger 640 determines the height of finger 640 above touch
screen 100, along the z-axis, and the position of finger 640 along the width
of touch screen 100, along the x-axis.
[00176] The position of finger 640 along the length of touch screen 100,
along the y-axis, is determined from the scale of the image reflected by
finger 640 or, equivalently, by the sizes of the elements of the projected
pattern. Since projector 610 projects the pattern across a wide angle, as
shown in FIG. 30A, the closer finger 640 is to projector 610, the denser is
the reflected pattern. As such, the density of the reflected image
determines the distance between finger 640 and projector 610. In turn,
this distance determines the position of finger 640 along the length of touch

screen 100, along the y-axis. 2



[001701 In one embodiment, the present invention provides a similar system for a touch screen.
Instead of providing a pattern on a sheet of paper, a light pattern is projected over the touch screen.
When a finger or other object is positioned above the touch screen, the finger or other object reflects a
portion of the projected light pattern. Only the reflected portion of the projected pattern is substantially
visible. [00171] A camera communicatively coupled with the touch screen captures an image of space

above the tqygisereqiEhefapIuReVIMASRISTB EEe FAEe IR eRtas hinibgrfinger o other object.

The captured image is transmitted to a controller that determines the location of the finger or other
object over tilesbtratioscskawinguhalyz it tHeresipyued b ankeye. 62@nhprohsabeslitingraisstoence of

images captured as the finger or, other, object moves the touch screen, the cont r identifies a
stk or gl ALE BHE ALBEH R SERED 007 I ool BSOS, S0
which is a sigypiiiedd i sirssionied alasasetS00 yER & ¢RovArpen;jéetbinsadsordance with an

embodiment of the present invention. Handset 600 includes a projector 610, a barrier 613 that blocks

portions of |ig¢ﬁqrr@§?m@d/\6;fpa@e§ﬂ@b@qwn 8ht afiéhe preseat spreadte light besed E@I'cific angle,
e ente nhERUIRLRES mat D BOISTISEIR AP A veEIggRts) B el Ehucalualglt o

penetrate through openings. rier may alternatively bée implerhente material

that has trangpafartHariioRsfapchneroienspd e, patiensotbettranspatent aOdpspraabie in the
form of digital, letters, dots, or such other shape. Barrier 613 may alternatively be a grating, with

openings th(RIhathferdlg i Bro|eb® By préfaeBnei® HasskEnosigrHRIjERRCaPEY RS ects light at
barrier 613, %@QFW%‘]@V@T}%&Q l5-aenaated GEPé/g%\ﬁgifgck%ﬁgr&%@ajr% RO LAaprasg P ther

includes a camera 630 captures images o pattern 620. When an object, such as a
user's finger6a0,fromithijaogw @ pBojected pattern 620, portions of pattern 620 are reflected by

finger 640. In turn, the images captured by camera 630 show the reflected portions of pattern 620,
from which (LFRe AL ESH Y STBRRA TIGEE 64676 ASATSa LR HRjer BA8CEPGuch other

reflecting objpel SUEt- aha Bl PP etua el 2I8ALSH RS HARIRIIC TP ERRIN AR IR i®H 620 is

warped or otherwise distorted when viewed from an angle other than the angle of projection. By
aligning canidra 680 witts bfalaii\61 (xihe) iprgjbe bfdiye tAE aref fapase 6 4Osubstantially the

angle of projection, as g result of which the reflectcp ortion of pattern 620 is_not significantly distorted.
1100174} RASFERAATIE RSN MRINS ERSSiss IR 0 el Rt oroSr ATaHE A of dots
projected intpriherseaee above screen 100, in accordance with an embodiment of the present
invention. The pattern of dots shown in FIGS 308 may be generated by a barrier 613 that is

implemente/8472Imela praerHARRY WHIBPQGBR @R 0P SRRPTITARIISVSAKIR, ShBwn as black
ol LSS S0 BRSNS AP D SR gt
determines tbedtitee-6/B0eopitbakposittearoflfQex bdferélatiee Ba0Lehaseredn Tlch screen

100 highlights location 650 so that a user can see the location to which

finger 640 is aimed, and to adjust the position of finger 640 if necessary.

[00180] Reference is now made to FIG. 30D, which is a simplified

illustration of a pattern of digits projected into the space above screen 100,

in accordance with an embodiment of the present invention. The pattern of

digits shown in FIG. 30D may be generated by a barrier 613 that is

implemented as a metal plate having the digits “1”, "2” and “3” etched

thereon lithographically, or by such other etching process. When projector

610 projects light at barrier 613, the digits “1”, “2” and “3" are projected

above screen 100. When finger 640 is positioned over screen 100 to the

left of projector 610, as shown in FIG. 30D, the digit “1” appears on the
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[00175] Finger 640 in FIG s 305 reflects a pattern of seven dots. As finger 640 moves to the right or to
the left, different dot patterns appear on finger 640, based on the dots shown in FIG. 305 to the right
and to the left of finger 640, respectively. Similarly, when finger 640 moves up or down, different dot
patterns appear on finger 640, based on the absence of dots above finger 640 and the dots shown

below finger.640. As sych, the dot pattern on fi 40-determines. ea[h jahy.of finger, 640 above
touch screeﬁ"l%%f’a?@#g' & -té%g,?ﬁ& ﬁ1a§1 p%rsglg%%%f fi-lﬂgéraéngg%loﬂr?g t %‘ v?ftdtr% oé; touch screen 100,
along the x-gadI©0176] The position of finger 640 along the length of touch screen 100, along the

yaxis, is determined from the scale of the image reflected by finger 640 or, equivalently, by the sizes of

the elementi818Ak pietiad pardian SingeHRAL S 229 tivsed: infEant RiRraiRsdon angle, as

shown in F! los6L g eAQiS SR HIoissten O3 dBe, denses isdprriepipdamips. As

such, the de s%éo]émh@?éfﬁjétgglﬁage dg{é:'rmines the dista%}ncé between finger 640 and projector 610.

In turn, this @i3@nesdetdrann@sgbe fddtisnpoisitigae840 dlvagitielofgiopécbuce 88 daot 00, along

the y-axis. [00177] Reference js.now made to FIG (?OC, which is a simplified illustration ?g ing how
,a

the density Sf194Y nt@fodd%fe&éc?BP%%ﬁeeﬁrﬂ@é INGRE FEuLesS [ RS SRHES B Hhd
reflected by fnggs64GdseReRdeinan o disteres SidiEURIAAR fEomaoiRFIan610, in accordance

with an embodiment of the present invention. It is noted that the reflected pattern 620, signified in FIG.
30C by a "1tldigiratiaresiagethirs pathernt ¢ figitpjeitcsd N hEns GlRESIARNAEIN 620 is spread

over an angle 0 by | 617. The angle 0 and the sizes of the captyred pattern, el re used to
determine tﬁ&ﬁ%&%ﬁfﬂ@?&%@é&%ﬂ&n BV Worﬁ%dpaﬁ:% 0&6 ? [@%ﬁ%}tl ﬁﬁgr%?a{lﬁéﬁriative

embodimentrpthn REseBF BNASICRCHSERPIFE GLBTOHaNd bargenis sie@tey aloagréese2ad edge
of touch screen 100. The two sets of relative (X, z) position coordinates of finger 640, determined by

the two camiiak isifetes getefmscxiBstebblatedia vinh§ecemV ool 19igl i akd¥dance with an

embodiment of the pre ist itjon inf ﬁp@é' pf ij‘}gert élqjl iysed to
further deriv%%%??o@at%ﬁ?é@é E{?ﬁ%&g §£§eﬁp§§0ﬁwir§%@¢%§0 IS al?r%e , Tobcﬁ screaeln 100
highlights location858sD Bataraeipe fedtedetbsdo catibre towwfack irfgaaré4a it @GDneadtioeto adjust
the position of finger 640 if necessary, [00180] Reference is how made to FIG. 30D, which is a

simplified illd8g4Hortof paaadn 6f RERIPAIRERY fHISHRE BRBF U BRrENT P60 dance
with an emPRHIE HRIdP SAGIETANAAHEN. Jiis Ravedh of 8 ke theNibiier fenOPdrakery

generated by a barrier 613 that is implemented as a metal plate having the digits "1", "2" and "3"
etched there®h0itrag shahvically, BEGY 30d) thedigithidd pracesss i éin pearj&ddt, aiitdovdjects light at

barrier 613, the digits "1", "2" and "3" are projected ahove screen 100. \When finger 640 is positioned
over screen %%qaet?éff%m'é?egéﬁmg, éé' SHEHARY @.'E‘?Oﬂetﬁgvd%ﬁalel" appears on the finger,

and is Captlé[ﬁﬁw CagehA 30, Wieh BngerBd (3| s SitlorieeviB0 38 simiBolondien finger 640
is positioned in front of projector 610 (not shown), the digit "2" appears on the finger, and is captured
by camera 880yemkefiiafrpfinirston®it Gdsiabrba wthehglieftrdjccpeac AotfeneamnP 4R digit 3"
appears on the fingerR?nd Iﬁ aptlérr%d tglgg era 630. [00182] Reference is now made to FIG. 30E,
which is a sitiplified AR &R of ARother pattern of digits projected into the space above screen 100,

in accordanggoustl) anFIGISAB0eNt-0B e Preseatinveatione Tbeaqrasier dfrdigitsebOwalativiss. 30E
may be generated by a barrier 613 that is implemented as a metal plate having two rows of digits

etched therdéntonsR FereftbPOLs sletesminsst Wcﬁ@f\bﬁﬂﬂairﬁi‘@,etﬁé%%e‘i"?yzﬁadﬁ'@@” are
projected CI%;.‘%FO K%efg'érfﬁﬁﬁgfe?%‘?%ﬂcﬂpe P daiScifths i f0G i€ iRk S QiRFiRd further from

the surface of screen
barrier 613, the position of finger 640 may be determined more accurately.

iili. Touch Screen as Mouse-Type Input Device for a Computer
[00185] Aspects of the present invention apply to a touch screen which
serves as a mouse-type input device for a computer. Reference is now
made to FIG. 31, which is an illustration of use of touch screen 100 for

processing finger motions as input to a computer, in accordance with an
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When finger 640 is positioned over screen 100 to the upper left of projector 610, as shown in FIG.
30E, the digit "4" appears on finger 640, and is captured by camera 630. The remaining digits are
invisible. [00183] Similarly, when finger 640 is positioned over screen 100 to the lower left of projector
610 (not shown), the digit "1" appears on finger 640, and is captured by camera 630, [00184] FIGS.

30B - 30E illustrate that the Jocation of finger 64Q relative to t 100 is, determined b
analyzing OBC QUBRNb by EAEaE 540 KOG hurohdt NESC pablng LUGe R I

increased inthatrier k3 cHae) Rasitaicaf ingrnb4dmabatelpsmined (FIeSceately. 6B8) iii.Touch
Screen as Mouse-Type Input Device for a Computer [00185] Aspects of the present invention apply to

a touch scre@cogiiteseiediagaminotenpadmrn wericdier AeHAp it MREKE GRIBE.Mow made to

FIG. 34, whichopRatisRoIBLESS of (WG See DA IeTRigeRRSINGRaRi DPAGE A igRut to &

computer, in"accordance wi mbodime he present inv own I a finger

motion that kceetectegddysteulits soreatulile onisellaichathieES. 6A and 6B) recognizes the finger
motion and converts the motion to mouse pointer coordinates, for input to a computer. Thus it may be

appreciated 8@ uch deitiona iy itefh NG @ﬁhﬁﬁ&%é@i%@ﬁérﬁ!%dﬁmﬁéﬁﬁﬂﬁ& left and
right mouse é%ﬁgct iR 86;eeu air 4 indnoge CBeie R FSCERRN e ouching a

o

first one of t corresponds to a éﬂ/mouse dick, and touching™a second one of the objects
correspondsotjectig hbmespe ttiskid 0 18| rRoberdiok)eaandtdoahlie glisldagandydre evhititated by
velocities of approach of touch screen 100. As descriFtie'é%above with respect to FIG. 27, measurement

of light interRHIES R CRFERS B ABHVRLBIRNSE RIS 100 enables determination of finger velocity.

A slow appragaayinage iy alighidana FeresrBRds IId-nes Fisk emdiacastappeaaeitidgasie by a
hard press, corresponds to a double click. [00188] Referring to FIG. 31, it will be appreciated by those

skilled in theagpnbachhefdathaf iogrembOeh shewesavibiedsaktievitbiies petlteFiG@ndet and
touch screen 100. The path shown may be generated by a. moving finger and a stationary touch
screen. It m@%gﬂrﬁ e ﬁé%% 'ﬁéﬂ)ﬁ} tgﬁc‘ﬁggégrti aﬁ(')gqégcs éﬁ%&)%\é?ygﬂHéé'rf’gFeoefﬁer stationary
object. [001§Yd\erHBIL A dhRireAReE BRESE Ahde-RreRsdiityNIvVANSRIMORBRSSChY Mevdadipach screen
100 over a stationary object. The relative motion of touch screen 100 generates the path shown in

FIG. 31 andlighfuFAPieopeRRRARIAR AAch 1 BAVEitkd Atd Mdask eBBFgmEifegnade Dy a hard
press, corresponds to a double click.

[00188] Referring to FIG. 31, it will be appreciated by those skilled in the
art that the path of finger motion shown involves relative motion between a
finger and touch screen 100. The path shown may be generated by a
moving finger and a stationary touch screen. It may also be generated by a
moving touch screen and a stationary finger, or other stationary object.
[00189] As such, a dual embodiment of the present invention operates by
moving touch screen 100 over a stationary object. The relative motion of
touch screen 100 generates the path shown in FIG. 31 and, in turn, the

path information is converted into mouse coordinates.

iv. Touch-based Storefront Window
[00190] Aspects of the present invention relate not only to use of touch-
based position and motion information for input to a computing device, but
also to use of this information for data processing purposes. In general, the

sensed position and motion information for touch screen 100 may be
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iv.Touch-based Storefront Window [00190] Aspects of the present invention relate not only to use of
touch-based position and motion information for input to a computing device, but also to use of this

information for data processing purposes. In general, the sensed position and motion information for
touch screen 100 may be transmitted to a data processor for further analysis. An application of such

data processing is a touch-sensitive interactive. storefront windpw, which enables passersby, to interact
with a displ%aﬁ%\‘/"v'%g%% E? 8 \ﬂsa 3 Brgﬁgfﬁcfrhgogtolﬂégroenrt W cfi)’é%séys 8@98558%‘ gy té?ps:uséé(%rsby
touch inputsy ad Hlsedesag ssradanalyzen iteionedringrive. {00ASFED Ht thistgaydvieterence is now
made to FIG. 32, which is a simplified illustration of a touch sensitive display case 700 containing

items of meRIMRPIGEETITLTRBCEBrTERERGKIM Hh 2 AISHHRY ShQY B P seny SR riiSR!aX -accordance

e SO R e e aLen Snn B e e

Ig y providing the display case wi screen functionality.
Additionally rdisdy aaskeafiX)ynelidesi mgaketicgwzparatus to automatically move, rotate or

otherwise manipulate a displayed item 710, in response to a passerby 720 touching the display case
at a locatio (L poHuiY %S %9@'&36%%&%%!5M@ﬂwﬁé&gﬁé'ﬁa'rﬁ%ﬁﬁg%@tively

manipulate sglesiRiHaMFBAIPHANIAG 0 ERAKIMEBRAUIRSHIAYN AU dIHEsH Yo ASRIAN S e $0. For

example, touching display case 700 causes a corresponding item 710 to be selected. A rotating
gesture on di§plegrchaadieg FiBeintancandatuchevibta@a. exdvigsuendisltyecasesrdd in one

directi item 710 to b d closer t 720, ipe in display, 700 in th
opposito TR eSO IS bR S AU ARSTSE PoRCa e helire on
display casg, PR fatdsesriEmopEh iR haerelgiisry QAL nithed dasoingheresiieaticihdhe

invention has been described with reference to specific exemplary embodiments thereof. It will,

however, beigtitientitiarsativershiodifiuising &he g@igym Wéthwﬁgré% geeagiecific exemplary
appended I A H BN ASus <ot e e sty LR Bt ave
rather than ageRitsHYSLREMSEMove, rotate or otherwise manipulate a displayed item
710, in response to a passerby 720 touching the display case at a location
corresponding to the displayed item.
[00192] A passerby 720 may interactively manipulate selected items by
touching and making gestures with his finger on display case 700. For
example, touching display case 700 causes a corresponding item 710 to be
selected. A rotating gesture on display case 700 causes item 710 to be
rotated. A swipe on display case 700 in one direction causes item 710 to
be moved closer to passerby 720, and a swipe in display case 700 in the
opposite direction causes item 710 to be moved away from passerby 720.

An x-shaped gesture on display case 700 causes item 710 to be de-

selected.

[00193] In the foregoing specification, the invention has been described
with reference to specific exemplary embodiments thereof. It will, however,
be evident that various modifications and changes may be made to the
specific exemplary embodiments without departing from the broader spirit

and scope of the invention as set forth in the appended claims. Accordingly,
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CLAIMS 1.A light-based touch surface for an electronic device, comprising: a housing that
exposes an upper surface of an encased component that enables user input to an electronic device;
a plurality of infra-red light emitting diodes (LEDSs), situated inside said housing below the upper
surface of the encased component, for generating light beams; at least one LED selector,
fastened on said housing and connected with said LEDSs, for controllably selecting and deselecting one
or more of said \hBericariof BHEAHPaRRLS'aModeBDL ferelva"™ SfAlECHARIR FakhBPLSING
below the upper surface o1lt e encased component, for generating output currents in accordance with
received lightlbeamneséristires;senseat least one PD selector, fastened on said housing and
connected with said PD receivers, for controllably selecting and deselecting one or more of said PD
receivers; a first lens, fastened on said housing and in contact with the upper surface of the
encased component, for projecting and distributinglight beams generated by said LEDs above and
across theupper surface at a plurality of heights above the upper surface;
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a second lens, fastened on said housing and in contact with the upper surface of the encased
component, for collecting and directing the light beams projected and distributed by said first lens onto
said PD receivers; and a controller, fastened on said housing and coupled with said at least one
LED selector, with said at least one PD selector and with said PD receivers, (i) for controlling said at
least one LED selector, (ii) for controlling said at least one PD selector, and (iii) for detecting position
of an object by measuring light intensities at vai@usIM&hts above the upper surface of the encased
component, based on the resultingoutput currents of said PD receivers. 2. The touch surface of claim
1 wherein the encased component is rectangular,wherein said LEDs are fastened along two adjacent

edges of the encasegd companent, and wherei id ceive ather
adjacent €dges of tHg ﬁﬁ@géasc%%aﬁ%}%\gﬁté %rrh?h% t%gupcé?él%r*gcég §b ig;&réquv%gégarﬁéﬁ%ﬁ?ésed
component is rectang gy @iE%BésEQ'iSJQE@ngG frekkaorosneeAtaaieencased
component; 4. The touch surface of claim 1 wherein said at least one LED selector generates a bit
string for acshifiongistethatdewabiem eaeh Wippdsiton pfelecsriinieglsiice;mapped to a

corresponding LED, whereby the bit at that pos_itionindigat_eswﬁther tg select or to deégject the
corresponding LED.25PHi@ WbVl dfiier e Rt CRHEHNY LiRdRSed<r Dae FFYakiior generates a

cormoans IRCRI LB LG BrRA bR STl AILG! I ARTLIRGISI 'BoRApRRR iR 2

correspon ecelver, w y the at positionindicateswhether to select or to deselect the
corresporfging Ethkregaivelight Thedavsh surface of claim 1 further comprising a multiplexer coupled

with said PD receivers and with said controller, for selecting one

at least one LED selector, fastened on said housing and
connected with said LEDs, for controllably selecting and deselecting one
or more of said LEDs;

a plurality of photodiode (PD) receivers, situated inside said
housing below the upper surface of the encased component, for
generating output currents in accordance with received light beam
intensities;

at least one PD selector, fastened on said housing and
connected with said PD receivers, for controllably selecting and
deselecting one or more of said PD receivers;

a first lens, fastened on said housing and in contact with the
upper surface of the encased component, for projecting and
distributinglight beams generated by said LEDs above and across
theupper surface at a plurality of heights above the upper surface;

a second lens, fastened on said housing and in contact with the
upper surface of the encased component, for collecting and directing the
light beams projected and distributed by said first lens onto said PD
receivers; and

a controller, fastened on said housing and coupled with said at
least one LED selector, with said at least one PD selector and with said PD

receivers, (i) for controlling said at least one LED selector, (ii) for
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PD output current from a group of PD output currents, based on control signals received from said
controller. 7. The touch surface of claim 1 further comprising a resistance based current integrator for
biasing and sampling the output currents entering said controller from said PD receivers. 8. The touch
surface of claim 1 further comprising a transistor based current integrator for biasing and sampling the
output currents entering said controller from said PD receivers. 9. The touch surface of claim 1 further
comprisingbatrafisiejos biased fiestaodarhplifi émteensing diid) dopldgterthegppsitonefts
entering said controller from said PD receivers. 10. The touch surface of claim 1 further comprising an

operation%uﬂa@rliﬁﬁiﬁértk)ﬁs"é‘@ﬁﬁb'ﬂ' AL |Mifmaﬁm§éﬁﬁ@fﬁgwmamﬁ E'ﬂf‘rents to
voltages, g P amaling fife aiedgaa A igeRresheh o eraddng inidgyt o an

electronic Q&VTce, prising: providing a'user interface” component encase

device ang,hRvg ¥F 494580 wRRehRsIFEaCe; controlling a plurality of light-emitting diodes
(LEDs) situated inside the electronic device below the upper surface of the encased component, to

select and deselect at least one of the LEDs, whereby a selected LED emits infra-red light beamsinto a
e B o s S A L Wh e e SReieda e o
rectangular,wherein said LEDs are fastened along two adjacent edges of
the encased component, and wherein said PD receivers are fastened

along two other adjacent edges of the encased component.

3. The touch surface of claim 1 wherein the encased component is
rectangular, andwherein each LED is fastened near a corner of said

encased component.

4. The touch surface of claim 1 wherein said at least one LED
selector generates a bit string for a shift register, and wherein each bit
position of the shift register is mapped to a corresponding LED, whereby
the bit at that positionindicateswhether to select or to deselect the

corresponding LED.

5. The touch surface of claim 1 wherein said at least one PD
selector generates a bit string for a shift register, and wherein each bit
position of the shift register is mapped to a corresponding PD receiver,
whereby the bit at that positionindicateswhether to select or to deselect

the corresponding PD receiver.

6. The touch surface of claim 1 further comprising a multiplexer

coupled with said PD receivers and with said controller, for selecting one
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beams emitted by the selected LED aboveand across the uppersurface at a plurality of heights above
the upper surface; controlling a plurality of photodiocle (PD) receivers situated inside the
electronic device below the upper surface of the encased component, to select and deselect at least
one of the PD receivers, whereby at least a portion of We light beamsprojected and distributed by the
first lens are collected and directed onto a selected PD by a second lens in contact with the upper
surface, &P wheprltydbereeiectethPB geoamies PDtmutputents e R ot anthcatittalintensity of
the light beams collected and directed by the second lens; and determining position of an object
by meas\Fifg it RrehsR_SraNafBid FRiR!If5ove the upper surface of the encased component,
based on the resulting output currents of the selected PD receiver. 12. The method of claim 11
wherein said controlling a plurality of LEDs comprises generating a bit string for a shift register,

wherein egch bit posiien @files ShifFERESHF dramAPDEY FerrepaibrapRiEling bERswihgraiy the bit at

that positionindicateswhether to select or to deselect the corresponding LED. 13. The method of claim
11 whereinasgd aantrelihgre@inaitioy 66 P bipsioigens dosapripdis geiieatintpabicdtigntér a shift

register, wherein each bit position of the shift r géster is mar%Ped to a corresponding PD receiver,
whereby BRISTIAG R HoRITAURIECTh RIS FPsEREE YT deselect the corresponding PD receiver.

14. The method of claim 11 further comprising applying linear amplification to the output currents of
the selected PD receiver prior to said determining. 15. The method of claim 11 further comprising

compens@ing for amiyientdighh byaeigitrg f RIlwaNIof Preitrdraig nigih yhetramsiskbis turned on
and subtracting therefrom a plurality of PD output signals when an LED is turned off.
based current integrator for biasing and sampling the output currents

entering said controller from said PD receivers.

9. The touch surface of claim 1 further comprising a transistor
based filter and amplifier for sensing and amplifying the output currents

entering said controller from said PD receivers.

10. The touch surface of claim 1 further comprising an operational
amplifier based filter and amplifier for converting the PD receiver output

currents to voltages, and for amplifying the voltages.

11. A light-based method for providing user input to an electronic
device, comprising:

providing a user interface component encased in an electronic
device and having an exposed upper surface;

controlling a plurality of light-emitting diodes (LEDs) situated
inside the electronic device below the upper surface of the encased
component, to select and deselect at least one of the LEDs, whereby a
selected LED emits infra-red light beamsinto a first lens in contact with

the upper surface, and whereby the first lensprojects and distributes light
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16. The method of claim 11 further comprising sampling the output currents of the plurality of selected
PD receiver prior to said determining, the sampling comprising: turning off a transistor to begin
current integration within a capacitor; turning on a sample and hold circuit at a pre-designated
amount of time after said turning off the transistor;  turning off the sample and hold circuit at a
pre-designated amount of time after said turning on the sample and hold circuit; measuring a charge in
the capaditegrascetanitheayi ooyt & aedsthe MR abgy danchpaciss e T erstraaeasé of claim
1 wherein said controller determinesposition of the object based on output currentsthat are lower than

baseline @uEﬂHf @Uﬁé%.hq'@ hiseabove %ﬁ%&@@?Eléinff,Qﬁﬁerein the encased component is &
display, wherein sai sqpyip ey SGjeipes 3JaeRUR AERS phisglislative fadag upper surface

of the encased componen € output currents, and ein said controller generates an

indication;gg; e eplay casesedsined v Be wetheninssdpealign cd 9f Tie: tendasadace of claim 1
wherein, when the object approaches the upper surfaceof the encased component by a user 53

component, to select and deselect at least one of the PD receivers,

whereby at least a portion of the light beamsprojected and distributed by

the first lens are collected and directed onto a selected PD by a second

lens in contact with the upper surface, and whereby the selected PD

generates output currents in accordance with a light intensity of the light

beams collected and directed by the second lens; and

determining position of an object by measuring light intensities
at various heights above the upper surface of the encased component,

based on the resulting output currents of the selected PD receiver.

12, The method of claim 11 wherein said controlling a plurality of
LEDs comprises generating a bit string for a shift register, wherein each
bit position of the shift register is mapped to a corresponding LED,

whereby the bit at that positionindicateswhether to select or to deselect

the corresponding LED.

13. The method of claim 11 wherein said controlling a plurality of
PD receivers comprises generating a bit string for a shift register, wherein
each bit position of the shift register is mapped to a corresponding PD
receiver, whereby the bit at that positionindicateswhether to select or to

deselect the corresponding PD receiver.

14. The method of claim 11 further comprising applying linear
amplification to the output currents of the selected PD receiver prior to
said determining.
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gesture, said controller further determines a velocity of the object in a direction perpendicular to the
upper surface, based on a sequence of progressively decreasing output currents. 20. The touch
surface of claim 19, wherein said controller generates a first user gesture input instruction in response
to said controller determining a high velocity of the object in a direction perpendicularto the upper
surface, and generates a second user gesture input instruction in response to said controller

determiningsa low vetpeityrdtihedlje cliai mdirdction herpeodiquia tyte nmpen saifagefol1. The touch
surface of claim 1 wherein said controller detects the position of the object based on output currents

that are ghsaiemaiBabénaddipa aupler@lity20fTRP 1e4eRsbiFigBF MR FhdrER, Rhen the
bject hes th f [ ller d ' i j iti
(e pasd <R AR B R o ror LaLios & o B U B A e

sequences¢PMNPHSESRHREE ¥Fents that are greater than baseline output currents, and a second
portion of the sequence comprises output currents that are lower than the baseline output currents.
23. The touch surface of claim 22/ wherein said controller further determines a velocity of the object in
a direction perpendicular to the Lgper surface of the encased component, bised OH thedetermined

plurality of8bject po:ﬂflﬁrﬁ‘._etm %_Gﬁmsﬁﬁawg?%raﬁﬂm,%ﬂwrﬁm BHrier QEREYS positions
on the oUH T STt YA e D e o i e g e
position ofilaekigsti ifdraspaisPyERut currents that are lower than baseline output currents.
turning off a transistor to begin current integration within a
capacitor;
turning on a sample and hold circuit at a pre-designated amount
of time after said turning off the transistor;
turning off the sample and hold circuit at a pre-designated
amount of time after said turning on the sample and hold circuit;
measuring a charge in the capacitor; and

turning on the transistor to discharge the capacitor.

17. The touch surface of claim 1 wherein said controller
determinesposition of the object based on output currentsthat are lower

than baseline output currents.

18. The touch surface of claim 1, wherein the encased component is
a display, wherein said controller further determines a location of the
object relative to the upper surface of the encased component based on
the output currents, and wherein said controller generates an indication

on the display corresponding to the determined location.

19. The touch surface of claim 1 wherein, when the object

approaches the upper surfaceof the encased component by a user
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26. The method of claimwherein said determining the position of the object is based on output currents
that are greater than baseline output currents. 27. The method of claim 11 wherein said determining
determines multiple positions of the object over time, based on a sequence of output currents of
selected PD receivers, wherein a first portion of the sequence comprises output currents that are
greater than baseline output currents, and a second portion of the sequence comprises output currents
that are layestthan e dasalioe batpiurtheedeta8nihesneetheld otglaimthe olbdesih isa@al determining
determines respective positions and respective velocities of two objects concurrently situated at

different KEIGRE AP RR" ﬂ’\%ﬂﬂjﬁﬁ}afuF%&@%flﬂﬁé’@ﬁ(%ggé%n%ﬁ%ﬁpﬂaéeﬁe&ygggﬁ nce of output
currents ﬁ@ﬁgﬁ#\?&xrsag@o%iﬁpmﬁh@e dﬁ?e%ga'm 11, wherein the encased component is a

display s erél r determines a position of the object relative to the upper
surface of the encased component, and further comprising generating an indication on the display
corresponding to the determined position of the object. 30. The method of claim 11, further

comprising0. ddteentialichasuitang of tka sbjekDinvilueiftoagidrpendialiar te eNe RS surface
of the enca?_ed component based on a_seguence of outgut currents of sglecteg Pﬁ) receivers;

a first user gesture input instruction in response to said controller

determining a high velocity of the object in a direction perpendicularto

the upper surface, and generates a second user gesture input instruction

in response to said controller determining a low velocity of the objectin a

direction perpendicular to the upper surface.

21. The touch surface of claim 1 wherein said controller detects the
position of the object based on output currents that are greater than

baseline output currents.

22, The touch surface of claim 1 wherein, when the object
approaches the upper surface, said controller determines a plurality of
object positions over time based on a sequence of output currents of said
PD receivers, wherein a first portion of the sequence comprises output
currents that are greater than baseline output currents, and a second
portion of the sequence comprises output currents that are lower than the

baseline output currents.

23. The touch surface of claim 22, wherein said controller further
determines a velocity of the object in a direction perpendicular to the
upper surface of the encased component, based on thedetermined

plurality of object positions.
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generating a first user gesture input instruction in response to determination of a high velocity of the
object in a direction perpendicularto the upper surface; and generating a second user gesture
input instruction in response to determination of a low velocity of the object in a direction

perpendicularto the upper surface. 31. The surface of claim 1 wherein the determinedposition of the
object corresponds to a relative amount of current in at least one of the output currents, relative to a

baseline amount of Treertudh. sihestafatactdichil) Itheneiaisdid comtoidedetermines multiple
positions of the object over time, and determines a velocity of the object therefrom. 33. The surface of

claim 32 WabesksBRSHGNEIOTEveARIGEHS Sieals® alifdiferadabe@hts RARRYStR/e amounts of
t. 34. Th hod of_¢claim 11 whergein the d i iti '
relatve aHBRRL SHIAERE SO (L GRRae G Eree 0 e s op (R LA™ © @

current.  3%4TPE rRetgdyclaim 34 wherein said determiningdeterrnines multiple positions of the
object over time, and determines a velocity of the object therefrom. 36. The method of claim 35
wherein the multiple determinations over time are based on differences in the relative amounts of
current. _

25. The method of claim 11wherein said determining the position of

the object is based on output currents that are lower than baseline output

currents.

26. The method of claim 11wherein said determining the position of
the object is based on output currents that are greater than baseline

output currents.

27. The method of claim 11 wherein said determining determines

multiple positions of the object over time, based on a sequence of output
currents of selected PD receivers, wherein a first portion of the sequence
comprises output currents that are greater than baseline output currents,
and a second portion of the sequence comprises output currents that are

lower than the baseline output currents.

28. The method of claim 11 wherein said determining determines
respective positions and respective velocities of two objects concurrently
situated at different heights above the upper surface of the encased
component, based on a sequence of output currents of selected PD

receivers.

29. The method of claim 11, wherein the encased component is a
display surface, wherein said controller further determines a position of

the object relative to the upper surface of the encased component, and
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37. A light-based touch surface for an electronic device, comprising: a housing that exposes an
upper surface of an encased component that enables user input to an electronic device; a
plurality of infra-red light emitting diodes (LEDs), situated inside said housing alongside the encased
component, for generating light beams; at least one LED selector, fastened on said housing and
connected with said LEDs, for controllably selecting and deselecting one or more of said LEDs;

a pluralityfaf-fihetoched e iR g epenaratisity ate d il chet kand do tbie glédmig gi de the spravadang
component, for generating output currents in accordance with received light beam intensities; at

least one POt B8Itebe MRS PORIERR UG ANEEbNNnected with said PD receivers, for controllably

selecting and deselecting one or more of said PD receivers; a first lens fastened on said housing
and in contact with the upper surface of the encased component, for projecting and distributing light

beams gepgrated byrspidrhERHALEF € lRINthatPssURBPRSS FipFRsim gt @ plurality of heights above the
upper surface; a second lens fastened on said housing and in contact with the upper surface of
the encased compomigtefonicunecangeloditiraftibiyarebject in a direction perpendicular
to the upper surface of the encased component based on a sequence of
output currents of selected PD receivers;
generating a first user gesture input instruction in response to
determination of a high velocity of the object in a direction
perpendicularto the upper surface; and
generating a second user gesture input instruction in response

to determination of a low velocity of the object in a direction

perpendicularto the upper surface.

31. The surface of claim 1 wherein the determinedposition of the
object corresponds to a relative amount of current in at least one of the

output currents, relative to a baseline amount of current.

32. The surface of claim 31 wherein the controller determines
multiple positions of the object over time, and determines a velocity of

the object therefrom.

33. The surface of claim 32 wherein the multiple determinations

over time differ from each other in the relative amounts of current.
34. The method of claim 11 wherein the determined position of the

object corresponds to a relative amount of current in at least one of the

output currents, relative to a baseline amount of current.
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light beams projected and distributed by said first ens onto said ED receivers; and a controller,
fastened on said housing and coupled with said at least one LED selector, with said at least one PD
selector and with said PD receivers, (i) for controlling said at least one LED selector, (ii) for controlling
said at least one ED selector, and (iii) for detecting position of an objectby measuring light intensities
at various heights above the upper surface of the encased component, based on the resulting output
currents @9Said ED rEeeivertheg. ghelsinfaddontlgiraig7saidéaieiedetogriater pusiesn of the

object corresponds to a r_elativefa ount of current in_at least gne qf the output currents, (ri}ative toa
baseline GRS ROREIRNSS, &@&H@@MB&@%@E&N&%@ &8[8?#% multiple
positions %@Stﬁﬁ@(‘?fttﬂ\é%fj%?n gnd determines a velocity of the object therefrom.

36. The method of claim 35 wherein the multiple determinations

over time are based on differences in the relative amounts of current.

37. A light-based touch surface for an electronic device, comprising:

a housing that exposes an upper surface of an encased
component that enables user input to an electronic device;

a plurality of infra-red light emitting diodes (LEDs), situated
inside said housing alongside the encased component, for generating light
beams;

at least one LED selector, fastened on said housing and
connected with said LEDs, for controllably selecting and deselecting one
or more of said LEDs;

a plurality of photodiode (PD) receivers, situated inside said
housing alongside the encased component, for generating output currents
in accordance with received light beam intensities;

at least one PD selector, fastened on said housing and
connected with said PD receivers, for controllably selecting and
deselecting one or more of said PD receivers;

a first lens fastened on said housing and in contact with the
upper surface of the encased component, for projecting and distributing
light beams generated by said LEDs above and across the upper surface
at a plurality of heights above the upper surface;

a second lens fastened on said housing and in contact with the

upper surface of the encased component, for collecting and directing the
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light beams projected and distributed by said first lens onto said PD
receivers; and

a controller, fastened on said housing and coupled with said at
least one LED selector, with said at least one PD selector and with said PD
receivers, (i) for controlling said at least one LED selector, (ii) for
controlling said at least one PD selector, and (iii) for detecting position of
an objectby measuring light intensities at various heights above the upper
surface of the encased component, based on the resulting output currents

of said PD receivers.

38. The surface of claim 37 wherein the determined position of the
object corresponds to a relative amount of current in at least one of the

output currents, relative to a baseline amount of current.
39. The surface of claim 38 wherein the controller determines

multiple positions of the object over time, and determines a velocity of

the object therefrom.
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