OPTI CAL TOUCH SCREEN SYSTEMS USI NG REFLECTED LI GHT FI ELD OF THE | NVENTI ON
[0001] The field of the present invention is |ight-based touch screens.
BACKGROUNROGB10THIE3I NVENTI ON [ 0002] Many consuner el ect r @oirassdevioseds ar e now
being built with touch sensitive screens, for use with finger or stylus
touch user inputs. These devices range fromsmall screen devices such as
mobi | e phone@PahdAtarObitke SCGREENNSYSYEMSHEISTING REFIEGEERJrIEdhT devi ces
such as not ebook conputers, to | arge screen devices such as check-in
stations at airports. [0003] Most conventional touch screen systens are
based on resistiv r E I tive layers. Such systenms are not versatile
enough m@%lﬁg—ﬁ)w—&aié&assi ng sol ution, as they are not easily
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LCD di splay surface, a resistive or capacitive overlay that is placed over
the LCD surface, and a controller integrated circuit (1C) that connects to
t he overlai; and converts inputs fromthe overlay to neaningful signals. A
host deBACKGRQU NI EWN T HES HINWENTION onput er, receives the signals fromthe

controller IC, and a device driver or. such ot her program | nter&rets t he
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computers, to large screen devices such as check-in stations at airports.

[0003] Most conventional touch screen systems are based on resistive
or capacitive layers. Such systems are not versatile enough to offer an
all encompassing solution, as they are not easily scalable.

[0004] Reference is made to FIG. 1, which is a prior art illustration of a
conventional touch screen system. Such systems include an LCD display
surface, a resistive or capacitive overlay that is placed over the LCD
surface, and a controller integrated circuit (IC) that connects to the
overlay and converts inputs from the overlay to meaningful signals. A
host device (not shown), such as a computer, receives the signals from
the controller IC, and a device driver or such other program interprets the
signals to detect a touch-based input such as a key press or scroll
movement.

[0005] Reference is made to FIG. 2, which is a prior art illustration of a
conventional resistive touch screen. Shown in FIG. 2 are conductive and
resistive layers 1 separated by thin spaces. When a pointer 2, such as a
finger or a stylus, touches the screen, a contact is created between
resistive layers, closing a switch. A controller 3 determines the current

between layers to derive the position of the touch point.



between layers to derive the position of the touch point.[0006] Advantages
of resistive touch screens are their | ow cost, |ow power consunption and
styl us suwpanto/12j@d07] A di sadvant age of resistive touckCIarseen®3izgst hat as
aresult of the overlay, the screens are not fully transparent. Another

di sadvantage is that the screens require periodic re-calibration. Another
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poi nter t ouc screen wt t su ent pressure g

undet e er%%n% m@ﬁwgtylh@%lﬂ%d& touch screens do not vvork well with

finger Anot her vantage is t resistive touch screens are generally

unreadqbb@y]l n g dfli%@l%lv%wﬁégémf redistie todeh adraehagas that Hied ré@@ltséﬂ ve touch
screens are sensitive to Scratches. Yet another disadvantage is that

resi stitie bogdhystheetscans dreanbefilly drawparentat Ahocher diseldeapeageers are
touching the screen sinultaneously, referred to as "nultitouch”. [0008]

Ref er erisghias thedscreenBl equBre pdriadic ire-a@alppriatiorar tAndthestdisddvantdga
conventional surface capacitive touch screen. As shown in FIG 3, two

si des db thaglpressudis reqeiredafroar tosathedetgationy, uai famaioterdtitat ve i ndi um
tin oxide gl TO) coati ng. n addition, a silicon dioxide hard coating is
coat ed tONChES meomre;ﬂruwwhmainwﬁmrhteprmt&@aﬂmg ungdetested g Aodes 2 are

attached at the four corners of the glass, for eneratlng an electric
cur rentco%%erﬂc@rr resisting, tauch 5FF‘%%'8$ c@;rngt §‘{€’,"q@§’e tWU&h@@gﬁﬁ% screen, and
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[0010] (B hsadeamsage SEnSHIVALES sEARARES! Voet QUORNSF R&IR drtdddis as a
that resistive touch screens are unable to discern that two or more
pointers are touching the screen simultaneously, referred to as "multi-
touch”.

[0008] Reference is made to FIG. 3, which is a prior art illustration of a

conventional surface capacitive touch screen. As shown in FIG. 3, two
sides of a glass substrate 1 are coated with a uniform conductive indium
tin oxide (ITO) coating. In addition, a silicon dioxide hard coating is
coated on the front side of one of the ITO coating layers. Electrodes 2
are attached at the four corners of the glass, for generating an electric
current. A pointer 3, such as a finger or a stylus, touches the screen, and
draws a small amount of current to the point of contact. A controller 4
then determines the location of the touch point based on the proportions
of current passing through the four electrodes.

[0009] Advantages of surface capacitive touch screens are finger touch
support and a durable surface.

[0010] A disadvantage of surface capacitive touch screens is that as a
result of the overlay, the screens are not fully transparent. Another

disadvantage is a limited temperature range for operation. Another



result of the overlay, the screens are not fully transparent. Another

di sadvantage is a limted tenperature range for operation.

Anot her diwadvewvagpe is a |imted capture speed of point @ecTrase@n®st2eg due to
t he capacitive nature of the touch screens. Another disadvantage is that
surface capacitive touch screens are susceptible to radio frequency (RF)
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cannot used w gl oves. Anot her disadvantage IS t ace capacitive

touch sqUreges capaditive BSHEIRGcPeE RS Areirdepiibl ANt RRiiofreqdeasy ageF)i s t hat
surface capacitive touch screens require a |arge screen border. As’a

consequabeferencé acel eRigtrdmiaydetiru(EM3 dhesrfsrascdoArthesed with smal |
screen devices. Yet another disadvantage is that surface capacitive touch

scr eendisadvantdde is ohdt sloeratcarauy taf-toacthlocabidhliletameiraton i s made to
FIG 4, whichis a prior art illustration of a conventional projective
capaci tdependsion due eapacithoea. | AnGtIEr disadyastapedsithotisuréace 1 that form
mul tiple horizontal (X-axis) and vertical (Yaxis) electrodes. AC signals 2
drive diPagtiivedauchrecreesssiiinethbeuiied naths gleees.| ddphgsack via the ot her
el ectrodes. Location of a Efm nter tauchin he screen is determ ned based

on the ﬁ@ﬂ&PnF%Q/%I'S Eh%éb’ A eARREHVENY POIGRNS remdre deriedic re-
| ectrodes. [.0012], A t f jegti itive.t h
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cost. ARIRELrUeFRAVAM 9B Ssct With 5R%all screen devices. Yet another
disadvantage is that surface capacitive touch screens are unable to
discern a multi-touch.
[0011] Reference is made to FIG. 4, which is a prior art illustration of a

conventional projective capacitive touch screen. Shown in FIG. 4 are

etched ITO layers 1 that form multiple horizontal (X-axis) and vertical (Y-
axis) electrodes. AC signals 2 drive one axis and the response through
the screen loops back via the other electrodes. Location of a pointer
touching the screen is determined based on the signal level changes 3
between the horizontal and vertical electrodes.

[0012] Advantages of projective capacitive touch screens are finger
multi-touch detection and a durable surface.

[0013] A disadvantage of projective capacitive touch screens is that as a
result of the overlay, the screens are not fully transparent. Another
disadvantage is their high cost. Another disadvantage is a limited
temperature range for operation. Another disadvantage is a limited
capture speed, due to the capacitive nature of the touch screens.
Another disadvantage is a limited screen size, typically less than 5”.

Another disadvantage is that surface capacitive touch screens are



tenperature range for operation. Another disadvantage is a limted capture
speed, due to the capacitive nature of the touch screens. Another

di sadvantwigeoiosi2ao3lti m ted screen size, typically |ess tiram/uS2010088her

di sadvantage is that surface capacitive touch screens aresusceptible to RF
interference and EMinterference. Yet another di sadvantage is that the

accur acy, ol MG ol O 3hi Sl TRk OmedFREARS Oy dingngaRaCT t ance.  [0014]
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provi degepet@d obcCtiReraphbhnexer cone the drawbacks of conventional

resi stive and capacitive touch screens. [0016] Aspects of the present

i nvent i[go14]e! aliewild tihasi e pprooiditad that dorivairtiosslr @rith scredngdarg inter
alia (i) touch screens that are responsive to both bl ocked and reflected

| i ght, itmphadtimat ios geeenal wse hwithl ol lvieofilead & viceb, arfd idevicesiahitiscr eens

wi th enbedded reflective elenents, (iv) touch screens with nulti-Iayer
screendarge)scre@ns. screens with wide |ight beans, and (vi) touch screens

wi th image sensors and i nage processing |logic. Touch Screens Responsive to
Bl ocked and Reflected Light [0017] | n these enbodi nents of the present
invention, light beans are emtted by one or nore |light sources. A pointer,
such as a finger or stylus, touching the screen bl ocks sone of the emtted
light and also reflects sone of the emtted |ight. By measuring the bl ocked
and reflected light, the |ocation of the pointer on the screen is

determ ned. Touch Screens with Sel ective Area Touch [0018] | n these

enbodi ments of the present invention, a sub-area of



the screen is touch-sensitive, and the remainder of the screen is not
touch-sensitive. Generally, selective area touch is used with m d-size and
| ar ge- si 2®0=0r10e2081 for which it is unnecessary that thecCeruszeie/oseigen
surface area be touch sensitive. [0019] For exanple, a user interface may
I nclude a touch-sensitive keyboard for text input. The |ocation of the

keyboargﬂuml\ﬁ&kq éF?[ﬁl%r[?E§Ch§Pﬁif(§N9nat ed, and then |ight sources and |ight

detect 0TS are posrtroned suU as to be able to detect touches on the keyboard
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user resent 1 nvention is of particular advantage in

provi didigvi9aecledf chbpvehtifif e8sistvidahtl @pddiBvarted chosEirersonvent i onal
capacitive and resistive touch screens are costly, since the required

screen [0yEG]l ay Agpeetabf thegnesenbanuveationoralaweto adrib s eulibadigacnats t he
screen surface. Furthernore, the wiring used in conventional capacitive and
r esi st iofetdunic bcrsamrex inchetingahter aliavé)y sesch lsereems thak areamspasstueh, for
| arge screens the wires nust be long and thick. [0021] | n distinction, the
pr esentto hodnbiecked asdareftlectedaight, Hdi) desichoscreemst wilthselective arsa
general ly proportional to the perineter of the touch sensitive sub-area.
Touch n il EQHENBEERRITE m?h embedded geflectiveceizments, Giwnkéeuch

enbodi nent s of _tFe present invention elenments that reflect |
enbeddeFrGEDRIMItEHE Wtlanes SCeaaNSAlY) BMCTE srEepNDWiIANEAR IS Tused to
captureban irra?%lagf. t he 'ﬁcreen when one_or nore goi nters are touching the
scr een, PG Map 51 BV (1GUCReS SECEEnV ItRNEINAHE RETISOT3 1Y, 103 IEP G Pe t he
Iocatiqgé.‘%f the one or nore pointers; in particular, the locations of a
mul ti-t'8dEH. Touch Screens with Mul ti-Layer Screens

i ght are

Touch Screens Responsive to Blocked and Reflected Light

[0017] In these embodiments of the present invention, light beams are
emitted by one or more light sources. A pointer, such as a finger or
stylus, touching the screen blocks some of the emitted light and also
reflects some of the emitted light. By measuring the blocked and

reflected light, the location of the pointer on the screen is determined.

Touch Screens with Selective Area Touch

[0018] In these embodiments of the present invention, a sub-area of
the screen is touch-sensitive, and the remainder of the screen is not
touch-sensitive. Generally, selective area touch is used with mid-size and
large-size screens, for which it is unnecessary that the entire screen
surface area be touch sensitive.

[0019] For example, a user interface may include a touch-sensitive
keyboard for text input. The location of the keyboard within the screen is
designated, and then light sources and light detectors are positioned so
as to be able to detect touches on the keyboard keys. I.e., the light

sources and light detectors are aligned to match the user interface.



[0023] | n these enbodi nents of the present invention the screen includes
multiple |ayers. Light emtted by one or nore |light sources is guided

t hrough swoeowf121d3e | ayers, and |ight received by one orCrarseoiplst2es
detectors is guided through others of the layers. Touch Screens with Wde
Li ght Beans [0024] | n these enbodi nents of the present invention |ight
froma ow r : ' -ar | ] L WS | enses
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relatively long distance tromthe screen e n one enbodl ment,

|'ight seuigted SoRtRGefednseiraeaidtly, Mngetherrediiréd sRPEERRIVeH S di st ance
fromthe screen edge to allow for 'a gradual w dening of the beam The

wi denedgdrearallyscamhoe beadsed g covied sielyeg subates oflther sdreest sufapkaced

near the screen edge. [0025] | n another enbodi nent of the present

i nvent i furtheemlarghtheowirireg iusepl inceshattignal sapaeitivedgad mesistidod or s t hat
reflect Ii%ht over the screen surface are also placed along the sanme screen
edge, doush speensr ganerallystraversasdies entire sereemhtAssuciefon @rgel ow for a
gradual wi dening of the |light beambefore it is reflected over the screen
sur f aceSCreRBs|thghwirgsumsst e {eng andt Eigkeone of 1ight at a di stance

substantially alopg.the screen edge, .and the light is reflected as a w de
beam oJU8p2klhe é@rc{igmngwa&'a.e meégnht'@Y?HEGBHS§aiab'iemg?é} e Gopt &
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pl aced an appropriate di stance away from respective |ight

Touch Screens with Embedded Reflective Elements

[0022] In these embodiments of the present invention elements that
reflect light are embedded within the touch screen. A light sensor or
camera is used to capture an image of the screen when one or more
pointers are touching the screen, or approaching the screen. The image
is analyzed to determine the locations of the one or more pointers; in

particular, the locations of a multi-touch.

Touch Screens with Multi-Layer Screens

[0023] In these embodiments of the present invention the screen
includes multiple layers. Light emitted by one or more light sources is
guided through some of the layers, and light received by one or more

photo detectors is guided through others of the layers.

Touch Screens with Wide Light Beams
[0024] In these embodiments of the present invention light from a
narrow source, such as a near infrared LED, is widened, using lenses or

reflective elements, to project over a wide swath of screen area. In order



detectors. The light detectors are placed either underneath the screen, or
al ong a screen edge. Touch Screens with I nmage Sensors and | nage Processing
Logi c [ OOR®@]2010/121@3mese enbodi ments of the present i nvenPCoUs2mmeger4®f | i ght
proj ected over a screen are captured by at |east one i mage sensor. Due to
the focal distance of an inmage sensor and its |enses, the inmge captured

when 2 ROWRiEN o AUFRSP ol SPIIBRE, HRPRBRE kRS Hiatanch 2rERRIL e

poi nt er an Sensor.  Specl er 'generates a sequénce of

sub- pat|haggisPinéd FreNgR s %%g?!&g m%%ﬁia&dﬁméﬁﬁ %Hléru%gf .tbsﬁgr(l:eocat i on

according™to the distance o I nter e sensdr

of the jpgiiated Umierrdthl thd %l@éﬂ,rbﬁoéﬁtapﬂ:ﬁ@?ﬁét@ dikeameeresmothe

sub-patterns in the inmage. [0028] For ease of exposition, throughout the
pr esentscgpeni édgattollgdot & gradlialswidemiegnof tise beetnasTlae geitkeineed termto
refer to a transparent screen surface. The screen may be constructed from
gl ass, meak istrefdcfadabavadnagsaszmmatieaical by mefladiorg plated damtloe yst al |
acrylic and plastic. | n sone enbodi nents of the present invention, the
screen sresnsedgar i nfrared |ight to pass though, but is otherw se
non-transparent. [0029] For ease of exposition, throughout the present

speci f il8845lon {R@natherarberivensaf thepreeenveniigrethe lidtsewaencl ude
Ao suchls FiRGed 1O b ereat codp. RACGHE MiaterouroiaighoNes thauchpad as
I ncluded _in many | apt op_,conput er,s,, and, the back cover of a handheld
el oot 1 T ECBCRTacE B PO THEF et iloPA e SaTTi s el 2086 @rgh w th an
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el ement g RIMAFYS%he light beam before it is reflected over the screen surface.
The light source emits a narrow cone of light at a distance substantially
along the screen edge, and the light is reflected as a wide beam over the
screen surface. A pointer, such as a finger or stylus, touching the screen
blocks some of the emitted light. By measuring the blocked light, the
location of the pointer on the screen is determined.
[0026] In an embodiment of the present invention the wide beam
converges onto a narrow light detector after traversing the screen, via
reflectors placed an appropriate distance away from respective light
detectors. The light detectors are placed either underneath the screen, or

along a screen edge.

Touch Screens with Image Sensors and Image Processing Logic
[0027] In these embodiments of the present invention images of light
projected over a screen are captured by at least one image sensor. Due
to the focal distance of an image sensor and its lenses, the image
captured when a pointer touches the screen depends on the distance
between the pointer and the sensor. Specifically, the pointer generates a

sequence of sub-patterns on the sensor, where the number of sub-



therein, a circuit board including circuitry for controlled selective
activation of electronic conponents connected thereto, at |east one |ight
source cowmpeotoedt1@3e the circuit board, for emtting |igRCI/tseaoasi2hgeast one
| i ght detector connected to the circuit board, for detecting light emtted
by the at |east one |ight source and reflected by the reflective el enents.
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the pr invention a to screen systemi nc ng a di spray Screen, a
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el ectroni ¢ conponents conne theréto, a near -1 nfraredLEDs

connect@gmbrtdes ¢ Fatteripd a @hefiﬁ{aqgfj tting light, a first plurality of
phot o di odes connected to the circuit board, for detecting received |ight

along a first edge of the display screen, and a second plurality of photo
di odes connected to the circuit board, for detecting received |ight along a
second [6028] of Foheadespf axpesitiaT), thrbegbiouttthe presantt speg@oatiendhesi gnal s
responsive to blocked light fromthe near-infrared LEDs detected at the
first plenmal glassodcrgrot’dsdisatbas angdesiegicaierm éopwier e a transpasengd | i ght
fromthe near-infrared LEDs detected at the second plurality of photo
di odes.sqreeRgurfaee e The sareermMmay &g geastnvcied drermaass F inasteathodi nent
of the present invention a.touch screen sg_t em inﬁl udi ng a(gi? | ay screen
for di JE@@?H@O%Q?% anpisrigk indludingsinter Rig givatat 33yiieaPr verti cal
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term “touch screen” is used as a generic term to include touch sensitive

surfaces that may or may not include an electronic display. As such, the

term “touch screen” includes inter alia a mouse touchpad as included in

many laptop computers, and the back cover of a handheld electronic

device.

[0030] There is thus provided in accordance with an embodiment of the
present invention a touch screen system, including a near-infrared
transparent screen including a plurality of reflective elements embedded
therein, a circuit board including circuitry for controlled selective
activation of electronic components connected thereto, at least one light
source connected to the circuit board, for emitting light, and at least one
light detector connected to the circuit board, for detecting light emitted
by the at least one light source and reflected by the reflective elements.
[0031] There is additionally provided in accordance with an embodiment
of the present invention a touch screen system including a display screen,
a circuit board including circuitry for controlled selective activation of

electronic components connected thereto, a plurality of near-infrared



wherein the remai nder of the display screen is non-functional for detecting
screen coordinates of a touch thereof. [0033] There is yet further provided
i n accor asocelvi2tdstan enbodi ment of the present inventi eeTaAS@OOBI2EEr een
system including a display screen including a touch sensitive sub-area, a
plurality of photo diodes coupled with the display screen, for detecting

recel vadkhl Whineddy By bl ol ETRP BRI okt |4 e slhagigYons: oo,

wherein ot o odes and enses are po orfe ect the
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provi ded i n accordance with an enbodi ment of the present invention a touch

screen dipgksnadrirddtddn® ehdlicieuitybsardefor detadting recdivedalightyalfnd ayer s
substantially parallel to one another, a circuit board including circuitry
f or comseauridddgel @&cthe display \sarean, efhextein tthenciccuionp geeerrate sigeaied
thereto, a plurality of near-infrared LEDs connected to the circuit board,
for eninaspogsiveybe bloeked dighti fiteth the megr-nfrared LERgedetdctedaatditupl ay
screen, and a plurality of photo di odes connected to the circuit board, for
recei vififgtinlgrlitynef photeiadeas amdaighals sespaasive ke reflestgdilightpl ay
screen,_wherein said circujtr enerates signals responsive_ to |ight

det ect 4605t thaagaraidransd bF h&@'@céﬁgdaetst. EEé@@@ﬂ‘dﬁlﬁ@“l'iYSOBH’%PWonaI ly
providgﬁ I,n accordance with an enbodi ment of the present invention a touch
screen 99 am I ncluding a screen, a plurality of |ight sources coupl ed
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for displaying a plurality of buttons at designated horizontal and vertical
screen coordinates thereon, a plurality of photo diodes coupled with the
display screen, for detecting received light, and a plurality of lenses
coupled with the display screen, wherein the designated horizontal and
vertical screen coordinates span a touch sensitive sub-area of the display
screen, wherein the photo diodes and lenses are positioned so as to
detect a touch of the display screen at the touch sensitive sub-area, and
wherein the remainder of the display screen is non-functional for
detecting screen coordinates of a touch thereof.
[0033] There is yet further provided in accordance with an embodiment
of the present invention a touch screen system, including a display screen
including a touch sensitive sub-area, a plurality of photo diodes coupled
with the display screen, for detecting received light, and a plurality of
lenses coupled with the display screen, wherein the photo diodes and the
lenses are positioned so as to detect the position of a touch of the display
screen within the touch sensitive sub-area, and wherein the remainder of

the display screen is non-functional for detecting the location of a touch

thereof.



plurality of |enses coupled respectively with the plurality of |ight
sources to generate wi de beans of |ight over a portion of the screen

wher ei n swbzoav2i@i| y connected areas of the screen arePCONSR@E/0BI248

nei ghbori ng wi de beans. [0036] There is further provided in accordance with
an enbodi rent of the present invention a touch screen system i ncluding a
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a di splay”screen pr 0] €Ct i ng g ass screen, a
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periphery of the giass screen, for detecting received Iight. Vhen a pointer

appr OaQﬁﬂﬁJitlb@fardrlnttudihgscmflﬁtlsﬁf@eﬁontr’@ﬂeblaséqbtﬂbé activatideefedby the
pointer onto at |east one of the reflective elements, which reflect the

l'i ght celeotrani¢ eastponentd cohretiaghthdedtec taophirakity Mmemcmfngrqﬁ)l nter is

t hus recogni zed by an increase in detected |ight by at |east one of the

| i ght ddilesiconnecteddv]theneireuitdbgand, ffortemrttmgongébdhahlagucml@ldmce with an
enbodi nent of the present invention a touch screen sy i ncluding a

gl ass st@ﬂ’@téﬁhiauflrﬁgia]\geraof)tue &isphayoscrieen, end aeplénraﬁb\hpé phateddiedesher ei n,

a front light display screen for reflectin ht through, the ass screen,
a ci rc&qnm?a tonEh Efrﬁg”tcg?’ (41 1o reseiw L t&laa%éﬁ g td%tagfw%ﬁ on of

Connoc B (NGOt celth QRPLA Y o5 e PRIRSE! SPBhGTCIeY ADIEa e ne

P oS odls b RIS TS ST 3 £

poi nt erpopi0 afrnkfast RRfitihal ID%Fo‘%/ﬁéé’ﬁtuhVaecc%'rSHﬁEIeﬁth‘ér?*énﬁSBHﬁﬁlent
of the present invention a touch screen system, including a screen, a
plurality of light sources coupled with the screen, for emitting light, a
plurality of photo diodes coupled with the screen, for detecting the light
emitted by the light sources, and for identifying the location of a touch on
the screen when an absence of the emitted light is detected, and a
plurality of lenses coupled respectively with the plurality of light sources
to generate wide beams of light over a portion of the screen wherein
substantially connected areas of the screen are covered by neighboring
wide beams.
[0036] There is further provided in accordance with an embodiment of
the present invention a touch screen system, including a glass screen
including a plurality of reflective elements embedded therein, a display
screen backlight for projecting light through the glass screen, a circuit
board including circuitry for controlled selective activation of electronic
components connected thereto, and a plurality of light detectors
connected to the circuit board and arranged along a portion of the
periphery of the glass screen, for detecting received light. When a

pointer approaches near or touches the screen, the backlight is reflected
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the light onto at | east one of the |light detectors. An approaching pointer
I's thus recogni zed by an increase in detected light by at |east one of the
| i ght detwot2org121§30038] There is noreover provided in aecorusanom3wgig h an
enbodi nent of the present invention a touch screen system including a

gl ass screen including first and second pluralities of reflective el enents

embedde, Eﬁ&rp%uﬂFe:aoﬁ'té %‘E”Ea?f’%g 61“8%’%{5]8 ﬁ{/écé{éH%/nt% ﬁﬂWe‘Héc‘Ed

sel ecti Ve "acth va nen S conn and a

pluralighy é}hi bﬂ'ﬂ St9kast of Spﬂﬂégb?ﬁ déﬁeth@rsC' %Wébpf@?érﬂnggﬂoﬂtéﬁngec'

al ong a portion the per| ery o ass screen cting

receivqg th'ugmecoﬁrﬁ’ﬁ’é@ naAfingpda g in H'egéét%ﬁéhﬁfﬂ)tyeéﬁ |ddt GhEDF thief een i's

refl ected back above the screen by at |east one of the first reflective

el ementlightWetectopsi nt er approaches or touches the screen, the |ight

refl ected back above the screen is reflected by the pointer onto at | east
one of [00&7]sechhereds lyattfuvthert previded whacdtondaricecwiththan! emibodomtentat

| east one of the |ightdetectors. An approaching pointer is thus recognized
by an iafctrenpeesentdstvarttion lai huchhgcraen sxsteropéndudime a glss skeneect or s.
[0039] Addltlonal ly, in accordance with an enbodi nent of the present

i nvent iIBRIUAIRG a ipdiwal iyt @fcreflective ejgraeads @rabeddadrthareinca deent Hat| i ght

ser con.d %h%gyrE%%q%?c?rer¢sfié%ﬁg)¥@iw§?§ﬁéﬁp%}a¢cSfaﬁg?%%% & crg;iﬁ Qélé bt
{Pﬁﬁgéhoﬁ 186, el R BT Beheded SFﬁé{?l e FHiom SIS TENE lﬂff Edﬁn -
the scrathpgnsbes LFRERkdsRERRd “ad BBty VI B otelective -
act | vat ath alech® [4SRircif 6658 Snd MHodAEI RS o harsH Grdfeee Wi th an

enbodi the
periphery of the glass screen, for detecting received light. When a

pointer approaches near or touches the screen, the front light is reflected
by the pointer onto at least one of the reflective elements, which reflect
the light onto at least one of the light detectors. An approaching pointer
is thus recognized by an increase in detected light by at least one of the
light detectors.

[0038] There is moreover provided in accordance with an embodiment
of the present invention a touch screen system, including a glass screen
including first and second pluralities of reflective elements embedded
therein, a circuit board including circuitry for controlled selective
activation of electronic components connected thereto, and a plurality of
light detectors connected to the circuit board and arranged along a
portion of the periphery of the glass screen, for detecting received light.
A portion of ambient light that enters the glass screen is reflected back
above the screen by at least one of the first reflective elements. When a
pointer approaches or touches the screen, the light reflected back above
the screen is reflected by the pointer onto at least one of the second

reflective elements, which reflect the light onto at least one of the light
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invention, a plurality of LEDs are placed underneath the screen, and |ight
is reflected above the screen surface via |l enses placed around the

peri pher ywof2otone1@ser een. Al ternatively, in accordance wprCh/tsroiembrds ment of
the present invention, the |ight penetrates above the screen by passing
directly through the screen. [0042] Alternatively, in accordance with an

erhodt gstechbys " PABBRIACH BYERGIREL 1§ REULFBR0BRE A Booth ifcjdlRe e screen

gl ass, € 'circu cirfcurtry contro ctive activation of the

LEDs. Bllﬁ%C@@@Tﬁmt%agﬁgngwmpbg%det}]ﬁgﬂ'@%rpr esent invention will be

nore f underst ood and appreci ated | ow ng detail ed

descri qbos9), tﬁ'él%l'i’clidi)ﬁaﬁ?,njm%ébﬁﬁlbr\l@é Witherdemmadiment vhtka prekBAt4] FI G

1 is aprior art illustration of a conventional touch screen systen [0045]

FIG 2 ihyveatipn, thedight Hetsttort izre pilacadcondemeathathe esredm vantdigtt
screen; [0046] FIG 3 is a prior art illustration of a conventional surface

capaci tisveflecbeth bedowethe F062E1 vid (BRnges placqua anvuadtthiel pephety @i of a
conventional projective capacitive touch screen; [0048] FIG 5 is a diagram
of a tdihehsereesen Attarnagiveby LiFDsceoriiargerpith an embodiarery of the an

enbodi ment of the gr esent invention; [0049] FIGS. 6 - 8 are diagrans of a

t ouch Jiesentin¥entienedhe light pengtratesthelew B BCrern Hiyr passing

simulta eou?lg in ac%ordance jth an enbodi ment of the present invention;
[0050] Grestly hegagh & &reLTGCAYY'APS: of a touch screen that detects a two

finger Ghdd® MRYRTRItively) ACSELSHNE"With 3R STRRYimNe Sf thd'Present
invention, the light detectors are placed inside the screen glass, yet the
circuit board circuitry controls selective activation of the light detectors.
[0041] Further, in accordance with an embodiment of the present
invention, a plurality of LEDs are placed underneath the screen, and light
is reflected above the screen surface via lenses placed around the
periphery of the screen. Alternatively, in accordance with an embodiment
of the present invention, the light penetrates above the screen by passing
directly through the screen.
[0042] Alternatively, in accordance with an embodiment of the present
invention, the LEDs are placed inside the screen glass, yet the circuit

board circuitry controls selective activation of the LEDs.
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present invention; [0051] FIG 11 is a circuit diagramof the touch screen
fromFIG 5, in accordance with an enbodi nent of the present invention;

[ 0052] FIv&0 200/12¢032 di agram of a touch screen with four PCEDS2¢0asds i n t he
four corners of the screen, and plural PDs are arranged al ong the four
sides of the screen, in accordance with an enbodi ment of the present

I nvent ié’ﬁiEFE R |J, |qj .SI'F?E%FQR 'If @ di agram of a touch screen system
responm-vﬁ-%ﬁovge%—reﬁm _ T light, in accordance with an
embodi 1gg4310f The ;QFé’s%‘HEtin_\/@ﬁ%i%ﬁ @ BRORYr MU &ﬂdbfst%o%l gRpi fied diagram
of a touch 'screen systemw th selective area touch aligned wth user

i nt er f afep AP from tReCRIANGY detdllct desBAptiBRN taREntiRcdMieFREion

i nvention; [0055] FIG 15 is a Sinplified diagram of another "touch screen
syst emwithhtheeteswirvgs &1 @hithuch, in accordance with an enbodi nent of the
present invention; [0056] FIG 16 is a sinplified diagramof a touch screen
system[0044] r eFIG:t1 e acpaoeErs ikudtedtiod dofmatdoenearrtemmal icudchcsoradance wit h
an enbodi ment of the present invention; [0057] FIG 17 is a sinplified

di agr araystem;t ouch screen systemwith a nulti-layer screen, in accordance
wi th an enbodi nent of the present invention; [0058] FIG 18 is a sinplified
di agr afP845la | FaM--Bas @dpriot et dtygeationselemcanyeitionalaiqsistiye fough

enbodi mrent of the present invention; [0059] FIG 19 is a sinplified

cross- sS¥¢EFBnal di agram of the touch screen systemof FIG 18, in

accor dagags™ * B1d) $70 WA ariind AFaBoREFS NN surface
capacitive touch screen;
[0047] FIG. 4 is a prior art illustration of a conventional projective
capacitive touch screen;
[0048] FIG. 5 is a diagram of a touch screen having 16 LEDs and 16
PDs, in accordance with an embodiment of the present invention;
[0049] FIGS. 6 - 8 are diagrams of a touch screen that detects two
pointers that touch the screen simultaneously, in accordance with an
embodiment of the present invention;
[0050] FIGS. 9 and 10 are diagrams of a touch screen that detects a
two finger glide movement, in accordance with an embodiment of the
present invention;
[0051] FIG. 11 is a circuit diagram of the touch screen from FIG. 5, in
accordance with an embodiment of the present invention;
[0052] FIG. 12 is a diagram of a touch screen with four LEDs placed in
the four corners of the screen, and plural PDs are arranged along the four
sides of the screen, in accordance with an embodiment of the present
invention;
[0053] FIG. 13 is a simplified diagram of a touch screen system
responsive to blocked light and reflected light, in accordance with an

embodiment of the present invention;
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[0060] FIG 20 is a sinplified diagramof a |ight-based touch screen system
with 4 LEDs and 4 photo detectors, in accordance with an enbodi nent of the
present iwoentoiam31[ 0061] FIG 21 is a sinplified ill usPcattsenomndi2ast ouch
screen systemthat neasures bl ocked |ight and reflected light to determ ne
a location of touch, in accordance with an enbodi nent of the present

el R 2 B! AT P,

usi ng t he touc accordance wt

enmbodi t ¥ iran; IS i ' bEed
I 11 ust ;ggét]ié%ﬁ\fl%fd}ga%uc égg@éﬁ%&@%ﬁ@@?ﬁ]’f qu?)%gcﬁtnisbﬁ@ﬁgﬁgﬁgﬁg ree edges

of a toyrR $§'®RPodirMent GFthrNpreddithinder@mipdi ment of the present
i nvention;[0064] FIG 24 is a sinplified illustration of a portion of a

touch q0085n dFIGE.a¥54d8G simphfiadidiagiaanef anothee eodanatraehhsyatem
enbodi nent of the present invention; [0065] FIG 25 is a projection view of

t he seawvithrsalechiy&.ar2a tasitgnat accokdandenwititcandambediviniadntaof dbodi nent  of
the present invention; [0066] FIG 26 is a sinplified diagramof an LED for
a touclpraseeéringgstiom;, with a diode that enmits light fromthe side, in
accordance wth an enbodi nent of the present invention; [0067] FIG 27 is a
si npl i fl08P]di a5ASM 1O iar@ sipplitieddipgnam of pekav ey s€agn ayskEm Withde t hat

emts lights fromthe top,, in ,accordance with an enbodi nent of the present
i nvent ir@%{éqtky@a@fﬁrﬁmts ?gﬁb%d%eéi' ﬁf$@@e&rdar%ﬁoggaﬁﬁedﬁtthc%m el ement

SRR e el A dbecused nto a narrow beam in
[0057] FIG. 17 is a simplified diagram of a touch screen system with a
multi-layer screen, in accordance with an embodiment of the present
invention;

[0058] FIG. 18 is a simplified diagram of a light-based touch screen
system, in accordance with an embodiment of the present invention;
[0059] FIG. 19 is a simplified cross-sectional diagram of the touch
screen system of FIG. 18, in accordance with an embodiment of the
present invention;

[0060] FIG. 20 is a simplified diagram of a light-based touch screen
system with 4 LEDs and 4 photo detectors, in accordance with an
embodiment of the present invention;

[0061] FIG. 21 is a simplified illustration of a touch screen system that
measures blocked light and reflected light to determine a location of
touch, in accordance with an embodiment of the present invention;

[0062] FIG. 22 is a simplified illustration of reflector lenses using with
the touch screen system of FIG. 21, in accordance with an embodiment
of the present invention;

[0063] FIG. 23 is a simplified illustration of a touch screen system with
PDs positioned along three edges of a touch screen, in accordance with

an embodiment of the present invention;
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[0069] FIG 29 is a sinplified diagramof a PD that is placed underneath
the plane of a touch screen for detecting reflected |Iight above the touch
screen, iwoacwonrdsmce with an enbodi nent of the present PCmSRa1008124§ 0070]
FIG 30 is asinplified illustration of an arrangenment of photo di odes,
photo transistors and optical elenents that enable a touch screen systemto

S SO B 285 BT S BB igpreenee
o1 L1 Q61 HELS b ORER) NG AROROSKEL SRS brABLBRHEKE g o

is a sippdsehtgdvehtioptration of a touch screen with four LEDs and 4 PDs
surroundi ng the screen, in accordance with an enbodi nent of the present

i nvent i[0064]007FIG:I 25 i8@ peojectiomVidw e thid settion iofFIG. 23 i nger bl ocki ng
one of the light beanms of FIG 35, in accordance with an enbodi nent of the
pr esentdesignatedms-A, 00 &jcdrd@nc@ with an Esmpbdimeatidfl it peg¢gent of a t ouch
screen with light beans that are focused diagonally relative to the screen
edges, Ihmeatiooy,dance with an enbodi ment of the present invention; [0075]
FIG 38 is asinplified illustration of a finger blocking one of the |ight
beams dP0GGlG. EBYIG.i 2648 coridantiiedidingsamenbad kiRt fosra tadchisssean
i nvention; [0076] FIG 39.is a sinplified illustration of a touch screen
t hat us%stﬁ&hw'%@@rﬁﬂosﬁoqf@&eéa'hsmwm- €t H19§0MAIAEOFdBPE8 ItA@Dss a
portion o%w}heeﬁﬁr%eﬂ1surfacet.in ccordance with an enbodi nent o the
present® Jaltng .of the present invention;

[0067] FIG. 27 is a simplified diagram of an LED for a touch screen

system, with a diode that emits lights from the top, in accordance with an

embodiment of the present invention;

[0068] FIG. 28 is a simplified diagram of an optical element that

focuses light emitted by an LED focused into a narrow beam, in

accordance with an embodiment of the present invention;

[0069] FIG. 29 is a simplified diagram of a PD that is placed

underneath the plane of a touch screen for detecting reflected light above

the touch screen, in accordance with an embodiment of the present

invention;

[0070] FIG. 30 is a simplified illustration of an arrangement of photo

diodes, photo transistors and optical elements that enable a touch screen

system to read pointers that are smaller than the sensor elements, in

accordance with an embodiment of the present invention;

[0071] FIGS. 31 - 34 are simplified illustrations of touch screen

systems with selective area touch, in accordance with an embodiment of

the present invention;

[0072] FIG. 35 is a simplified illustration of a touch screen with four

LEDs and 4 PDs surrounding the screen, in accordance with an

embodiment of the present invention;
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[0077] FIG 40 is a sinplified illustration of a touch screen with a single
LED and nmultiple PDs arranged al ong each of two adjacent screen edges, in
accor danceownton2asienbodi nent of the present invention; PCOMRSJ10MB13484 1 is
a sinplified illustration of a touch screen systemw th eight LEDs
positioned al ong two adj acent edges of a display area, and ei ght PDs

o emba i filne - BAGE0 1P L SirhBliACE A Strat{eR, Ob Py teeP FRGeih8 SEE IR,
|1 USUr i OBeginsTof 1,58 1 BEELFASE-ORAT AT cRAARIRRCRL 6f thEDYsehRocs bY

usi ng sweep gestures, 1 n accordance wth an enbodi nent of the present
i nventijaQenki@®B0] FIG 43 is a sinplified illustration of a menu user
i nterface node, in accordance with an enbodi nent of the present invention;

[0081] [BO1A] 44FIG.aBZiiswl bimplifietlillastratiomoph udtkbcragniwitis¢ightnt er f ace
node, in accordance with an enbodi nrent of the present invention;[0082]

FI GS. ddamsdhéd amefaiugdd diaggbndllyuseladivieotts tloé scoeeh exdgexsrinsystens with
enbedded refl ective el enents, in accordance with an enbodi nent of the

pr esentagaovdanicenyithoms Zmbodiment dfsthe pregentfinyentidnistrati on of a touch
screen systemw th enbedded photo receiver elenents, in accordance with an
enbodi M8HT5lof FEG.p38d6r@ simplfieddHustradimn ofpdinger ibdogkisgngne fafddre
illustration of a fouch screen systemw th enbedded |ight sources and
enbedddigfPhBedmsetFiG- i?eaﬁﬁpg?éréﬁn%wkfam@n?mwna%n'éﬁﬁéﬁﬁrmse@t t he
present. invention; [0085] FIG 49 is a sinplified illustration of a touch
screen '8YSPER Wit h a picture array that reads inconing light from spread

[ooas] 19t 5oFEE 3R HrhBIRRATTBRHERE ofp (T SEREN thEbERbG bei ng
light beams projected in two non-orthogonal directions across a portion of
the screen surface, in accordance with an embodiment o the present
invention;

[0077] FIG. 40 is a simplified illustration of a touch screen with a single
LED and multiple PDs arranged along each of two adjacent screen edges,
in accordance with an embodiment of the present invention;

[0078] FIG. 41 is a simplified illustration of a touch screen system with
eight LEDs positioned along two adjacent edges of a display area, and
eight PDs positioned along the opposite edges of the display area, in
accordance with an embodiment of the present invention;

[0079] FIG. 42 is a simplified illustration of a zoom user interface mode
for panning pictures or pages by using sweep gestures, in accordance
with an embodiment of the present invention;

[0080] FIG. 43 is a simplified illustration of a menu user interface
mode, in accordance with an embodiment of the present invention;

[0081] FIG. 44 is a simplified illustration of a text input user interface

mode, in accordance with an embodiment of the present invention;
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reflected back into the touch screen of FIG 49, in accordance with an
enbodi nent of the present invention; [0087] FIG 5 1 is a sinplified

i Il ustratworzonf12ba3ght from a di spl ay being refl ected fr@crTaspaionsess back
into the touch screen of FIG 49, in accordance with an enbodi nent of the
present invention; [0088] FIG 52 is a sinplified illustration of |ight

under qopkAse PICY A8ILAALES e T R I Ens U O8GRE 755 1 < o
si npl i fd\age gé WatH ahhs dggdgetﬂ%%a*@/esere?ﬁ@nt@%hn&&ﬁﬂ%ﬂcé% dtHOéHtS Wi th

reflecti've enents e n the screen dlass, In accordance with an

enbodi &b oefiidie: @frgﬁeeﬁpeséw@m\;@mo,{]OOQO] FIG 54 is a sinplified
illustration of a |ight source positioned at a corner of the touch screen

of FI G[0b68B]t haFIG.c42ds % kirpptifiedtilushatier efa @wrdsscraerasgsterangithwi th an
enbodi nent of the present invention; [0091] FIGS. 55 and 56 are sinplified

i |1 ust rernbexdsledf phobh reseiver e eposnits, onexstcalrdagcarwigbd g @émbbodimeantiofscr een
of FIG 53 that project lightinto the screen glass, in accordance with an
enbodi rhinet poEsarteinvest@at; i nvention; [0092] FIG 57 is a sinplified

il lustration of a |ight source that projects light into a screen glass, in
accor ddA884]wi t FIGh %gﬂécﬂ renplifiediilesiadiamef antauah sereqrosysiern@thss is a

SIrT'p|Ier il]u ratlon of an arrang t of three light sources of FIG 57
pl aced %’@ Cflelﬁﬁ: ight é@H'S‘F%@é‘d wm cgereci:p@@[to|ne§ﬁtvqrnglgmﬁ@tsgdpeen gl ass,
I n accordance with ﬁ g f t.he Breset |nv ntion; [0094] FIG 59
is a sitROATHPRGE; Wit s‘—i"f' RAER @é/e\ﬂ Q% of Iight sources

fromt %O@g]r anﬁ@.nzw% ézls%pﬁﬁem I[]sEr%Qlo%{‘ ta' 8LdtFEereen system with

a picture array that reads incoming light from spread locations, in
accordance with an embodiment of the present invention;

[0086] FIG. 50 is a simplified illustration of light from a pointed being
reflected back into the touch screen of FIG. 49, in accordance with an
embodiment of the present invention;

[0087] FIG. 51 is a simplified illustration of light from a display being
reflected from a pointer back into the touch screen of FIG. 49, in
accordance with an embodiment of the present invention;

[0088] FIG. 52 is a simplified illustration of light under a glass being
reflected from a pointer back into a touch screen, in accordance with an
embodiment of the present invention;

[0089] FIG. 53 is a simplified illustration of a touch screen having
detection points with reflective elements embedded in the screen glass, in
accordance with an embodiment of the present invention;

[0090] FIG. 54 is a simplified illustration of a light source positioned at
a corner of the touch screen of FIG. 53 that projects light into the screen
glass, in accordance with an embodiment of the present invention;

[0091] FIGS. 55 and 56 are simplified illustrations of light sources
positioned along an edge of the touch screen of FIG. 53 that project light
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pl aced bel ow the screen gl ass, which project light into the screen gl ass,
I n accordance with an enbodi nent of the present invention; [0095] FIG 60
i s a sinpwofomdi2idsiiust rati on showi ng top and si de vi ews Pofl/use@lo3raetir ces
fromthe arrangenent of FIG 55 with side-emtting LEDs pl aced al ongsi de
the screen glass, which project light into the screen glass, in accordance

o rpl | N8 NP Lty g SoiP FESRtah Bt B e FiRE Bd mRs8nr, e
| ocati qQRyERti®dG! ass screen of a touch screen system in accordance with an

enbodi ment” of t'he present invention; [0097] FIG 6 2 is a sinplified

i1 ustrgpenn oFIG.I5PGH é@ﬁﬂﬁﬂfiéﬁﬁllu?;&’fa‘fﬁﬁl 8f adlig heBbuFan ghat 9FojtécQ§
guiding light emtted by an LED, in accordance with an enbodi ment of the

pr esentlightvieitdi ®Bcred YBdsd; | i accbridanteswithl ahiedboldimsintasfl e of the touch
screen of FIG 6 2 with mcrostructures enbedded in the glass, in

accor dgpresenttinvantiempodi nent of the present invention; [0099] FIG 64 is a
sinplified illustration of a touch screen that guides |ight over the

sur f acd0093]t he FIGucH8 dsrazeimplifieddustration of en arrangssdent of tbfeehe
present invention;[00100] FIG 65 is a sinplified illustration of a touch
scr een lighthseumsgssof FLGyrRd alaced belaw e sereen glagcovbighcproiads an

enbodi t of the present invention; [00101] FIGS. 66 - 68 are sinplified
7 st EANORS0 dhesSeRaTbOlASSe S0 ACCOBHRNAE WBOGH SENBRHITOGSE SR Fl G 53,
which i s nmounted vertical to a |light source, in accordance with an

enbodi T¥KSEOE IDMENHP s ent i nvention: [00102] FIG 69 is a sinplified

AN L T R S T R e P Y S
accor dapyift 98GR rBRP AL HPENGEM St of FIG. 55 with top-emitting LEDs
placed below the screen glass, which project light into the screen glass, in
accordance with an embodiment of the present invention;
[0095] FIG. 60 is a simplified illustration showing top and side views of
light sources from the arrangement of FIG. 55 with side-emitting LEDs
placed alongside the screen glass, which project light into the screen
glass, in accordance with an embodiment of the present invention;
[0096] FIG. 61 is a simplified illustration of light guides that direct light
to a desired location in a glass screen of a touch screen system, in
accordance with an embodiment of the present invention;
[0097] FIG. 62 is a simplified illustration of a touch screen that serves
as a light conductor, for guiding light emitted by an LED, in accordance
with an embodiment of the present invention;
[0098] FIG. 63 is a simplified illustration of the touch screen of FIG. 62
with microstructures embedded in the glass, in accordance with an
embodiment of the present invention;
[0099] FIG. 64 is a simplified illustration of a touch screen that guides
light over the surface of the touch screen, in accordance with an

embodiment of the present invention;
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present invention; [00103] FIG 70 is a sinplified illustration of |ight
that is reflected onto nultiple areas of a touch screen and directed

t owar ds awphotos2gstect or, in accordance with an enbodi meatr/uskoivioa12ps esent
invention; [00104] FIG 7 1 is a sinplified diagramof the touch screen

systemof FIG 53 with a canera that functions as a photo detector, in

accor daqgayi ¢ pren @810d UERRIALANGSAEERFTbS U Sered PAABTKELSS. 7 2 -

79 are SI np ns -~of camera | ens cap g r i ght

fromt hﬁté%@dsﬂtéecﬁe%cﬂéeﬁt |ﬁsa%dUrHEnEEQNFtﬁ@ %}wbokﬂ%bﬂ‘ﬂ%f el ances away

froma poi r that 1s touchi'ng the screen correspondi ng i mages
capturqg—ég)énithﬁvéﬁﬁgha I n accordance wi th an enbodi nent of the present
i nvention; [00106] FI & 80is a si nplified diagramof a side view show ng

t he sut{pemlqr NFIGS.1 66 <68 hee SHMPIificgeilieisttatibhs omd pRoereddetbr & ecti ve
el ements, in accordance wth an enbodi nent of the present invention;

[00107]tHéI ERictBstreerdsyatami o BEG. B3] idtich heansunbéd eertidal tom hc_t]nlntae
di fferent pointer touch locations, in accordance with an enbodi ment of the
pr esentsoumenun cao;cpcdaoeqa VAEIESIN 3mbo@mnenbo£|thﬁlmfesezmtnnwestloalt,u ons of a

si mul ati on of %{lt at nmultiple points on a touch screen, at which
r ef | ect[0QE023] elﬁ! 69ris aatreplitiad illusteseniaheellactad Hahbhsiaogment of the

D b SSE S rbASARCL e B TR S o7
pr esentl MV 7 GHIOPORTRSTO: @a%éér"cf e gL o LD B arase! Hasul 1o
gﬁgggrﬁ:@_&@éﬁ ﬁﬂgﬁéggfgg:]ttIhﬁvte(r)ltjlcgnscreen of FIG 88, in accordance with an
[00103] FIG. 70 is a simplified illustration of light that is reflected onto
multiple areas of a touch screen and directed towards a photo detector, in
accordance with an embodiment of the present invention;
[00104] FIG. 71 is a simplified diagram of the touch screen system of
FIG. 53 with a camera that functions as a photo detector, in accordance
with an embodiment of the present invention;
[00105] FIGS. 72 - 79 are simplified illustrations of a camera lens
capturing reflected light from the touch screen of FIG. 53, with the
camera at various distances away from a pointer that is touching the
screen, and the corresponding images captured by the camera, in
accordance with an embodiment of the present invention;
[00106] FIG. 80 is a simplified diagram of a side view showing the sub-
patterns in the camera sensor generated from the embedded reflective
elements, in accordance with an embodiment of the present invention;
[00107] FIGS. 81 - 87 are images of light beams reflected from three
different pointer touch locations, in accordance with an embodiment of

the present invention;
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[00111] FIG 96 is a sinplified diagramof a dual |ayer touch screen where
the bottomlayer transmts light emtted froman LED and the top | ayer
transm t swoeblogiet@d |i ght, in accordance with an enbodi memtused1obe4pr esent
invention; [00112] FIG 97 is a sinplified diagramof a nulti-Ilayer touch
screen with filamentary |ight guides, in accordance with an enbodi nent of

e o8y TETEIS B, 50358 s R e AT

ayers o yer touch scre

accor daficg, 'iglhea Bir%bgﬁg@nﬁcwfscr—@@npéem&hiH@f@&i\@"fﬁe{gﬂngé%br@G 99 is

asinplifie ram o ti-layer touch screen w't ed reflective

el e”entém‘breid%@cﬁ%iétc@rtlfaﬂtér\hitﬁiéﬁ%@@ﬁimbﬂt%@@?f@@ﬂﬂ v editigHrbodi ment
of the present invention; [00115] FIG 100 is a sinplified diagramof a

touch J00r®N WFIGSV 92 dnhd 92 keamnsingsifiad flfudthationsesmightheantiedifiose W th
an enbodi rent of the present invention; [00116] FIG 101 is a sinplified

di agr ammLE® lightingnupfa éingettpbafas monoh4samneefor the douoh daneenwft h an
enbodi mrent of the present invention; and[00117] FIG 102 is a top view of a
si npl i fFEQ. 8& dnaacasirdamesewithi an eippoidémentanfhidre paesenthinvantionght beans,
I n accordance with an_enbodi mrent of the present invention. DETAILED

DESCRI HOOHNI [ 0F1GH- 23pe @3 ast ineges 5466t raselss icoptveeddy @ £amgm - based

touch screens and |ight-based touch surfaces. According to enbodi nents of
the prd®&t ei‘?ﬂpégl? EEHO iF&%--gﬁsé'a RCEQE ageeé@ﬁhimpﬁa}@gdm@ngp?‘eme i nf
ra red . or near infra-red light-emtting diodes (LEDs) and a plurality of
phot odi%@eer?sﬁﬂt INYELNYG al ong the perimeter surrounding the touch

[00111] FIG. 96 is a simplified diagram of a dual layer touch screen
where the bottom layer transmits light emitted from an LED and the top
layer transmits reflected light, in accordance with an embodiment of the
present invention;

[00112] FIG. 97 is a simplified diagram of a multi-layer touch screen
with filamentary light guides, in accordance with an embodiment of the
present invention;

[00113] FIG. 98 is a simplified diagram of light beams guided through
different layers of a multi-layer touch screen, in accordance with an
embodiment of the present invention;

[00114] FIG. 99 is a simplified diagram of a multi-layer touch screen
with embedded reflective elements oriented in different directions, in
accordance with an embodiment of the present invention;

[00115] FIG. 100 is a simplified diagram of a touch screen with wide
light beams covering the screen, in accordance with an embodiment of
the present invention;

[00116] FIG. 101 is a simplified diagram of a portion of a wide-beam
touch screen, in accordance with an embodiment of the present

invention; and
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screen or touch surface. The LEDs project light substantially parallel to
the screen surface, and this light is detected by the PDs. A pointer, such
as a fingeo20rv/21681yl us, placed over a portion of the secears2tlnsiess sone of
the |ight beans, and correspondingly sone of the PDs detect |ess |ight
intensity. The geonetry of the |locations of the PDs, and the |ight

i nt ensihi th t. 16 el ! 3 C jnat of the

poi nt er[bbﬁ?g L éscp:jﬁgﬁlﬂﬁsggr)é \ﬁg\l’,]\{ §fogl%ﬁﬁé“oﬁg%glﬁéegﬁ}vegggﬂs\%gt\&gn and de

act | vatdeni &y réatfi patibehs SRNAEAL earfachh LEGANhEPWIAS o O connect or s

and sig smited to speci which PDs are

acti vat@aboddiEHt of tHe pResshOHVEtioRf the present invention, plural LEDs
are arranged along two adj acent sides of a rectangul ar screen, and plural
PDs are arranged along the other two adjacent sides. | n this regard,
reference is now nade to FIG 5, which is a diagramof a touch screen 100
having 16 LEDs 130 and 16 PDs 140, in accordance with an enbodi nent of the
present invention. The LEDs 130 emt infra-red or near infra-red |ight
beans across the top of the touch screen, which are detected by
corresponding PD receivers that are directly opposite the LEDs. Wen a

poi nter touches touch screen 100, it blocks light fromreaching sonme of PD
receivers 140. By identifying, fromthe PD receiver outputs, which |ight
beans have been bl ocked by the pointer, the pointer's |ocation can be
determ ned. [ 00120] Reference is now nade to FIGS. 6 - 8, which are di agrans
of a touch screen that detects two pointers, 10 and 20, that touch the
screen simultaneously, in accordance with an enbodi nent of the present
invention. Wien two or nore pointers touch the screen sinultaneously, this
is referred to as a "nmulti-touch.” Pointers 10 and 20, which are
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touching the screen, block light fromreaching some of PD receivers 140. |
n accordance with an enbodi nent of the present invention, the |ocations of
poi nt ers WO 2ardi2?B1are determ ned fromthe crossed | i negCofusthwe/osrzsra red

beans that the pointers block. I n distinction, prior art resistancebased
and capaci tance- based touch screens are generally unable to detect a
rrultl-tlgEle-RI I{EB éébR%ﬁO nore pointers touch screen 100

n horlzontal or vertical axis, the positions of

the pO'[Obﬂsﬁ al'A%B%EE F‘t&@dpllé\éehtﬂfi Fentief eﬁdﬁfét&‘}@;ﬁthﬁés@tﬁ fofkAcked.

Poi nters 10 and % are al |gne alon mon vertical axis and

bl ock s4gpekaBtdrd Ingh'tf@amﬁ’& ISRFRA A6, SA%&@r@ﬂn@nﬂ) bh@b@@"rﬁéﬁtéa@ﬂ%héf
touch screen 100; nanely the PD receivers marked , b, ¢ and . Along the

| ef t edgesenttiavehtiser eelight Wasdid fRidnbcaads nﬁxquEl@srcm@lo‘reﬁ@ré%f@f—
bl ocke Poi nter 10 bl ocks the PD receivers marked e and f , and poi nter 20

bl ocks relteoPReaedafreersd nigtitedndttimg diodeSHEEDS) aud st phs-adity afhus

determ ned to be situated at two | ocations. Pointer 10 has screen

coor di phetodiodas 8Ds) arrangedealoag thm p@frlmaben pgrmoureting thieotkech f r om PD
receivers a - d and PD receivers e and f ; and pointer 20 has screen

coor di rEresn ekueh surtace. i wherlselds inseiett ekt sustaniéalhy paralekEo f r om PD

- nd PD 1 P t 10 d 20 sh
| CR Goh Seyé‘q@@resavf@cﬁo%%%fhéééfw uéréer@c&%hﬂ%%néﬂ%ﬂé%mte«yigw al o
axi s, and tfhe% have dj ffere p ri zont al Iocat| ns and db[ ent ver |caI
| ocat i o2 TEISFh Ph& BMHﬁeB exsr@epertaon Cﬁ G $CeEY

PZ'SBteﬁ[%lﬁgﬁf@&%ﬁﬂ%@,&ﬁﬁﬁﬁ%%ﬁ%ﬁ'&%ﬁ‘a@%ﬁ‘ﬁé‘) P‘%e&%ﬁﬁﬁgéméﬁhiéo as
Itla:ouffa['f\h‘g'?s'tgu r?aggn@lirf&fsﬁwé FSLATEMY B EhEOPSE! B dt e Rghtom right and
intensities they detect, suffice to determine screen coordinates of the
pointer. The LEDs and PDs are controlled for selective activation and de-
activation by a controller. Generally, each LED and PD has I/O
connectors, and signals are transmitted to specify which LEDs and which
PDs are activated.
[00119] In an 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. 5, 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 or
near 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 a pointer 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 pointer, the

pointer’s location can be determined.
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as illustrated in FIG 8 . [00123] Discrimnating between FIG 7 and FIG 8
Is resolved by either (i) associating the sanme neaning to both touch

pat t er ns,wor0(0/1i2)03by associ ati ng nmeaning to only one of PChaISeaw/0812ug h
patterns, or (iii) by measuring the anmount of |ight detected at the bl ocked
PDs. | n case (i), the U arranges its icons, or is otherw se configured,

3uch ¢ fighuig)e BEFeRidls ABNIANE Fo FEGE! 8518 GunicAie Rl Gordil 67 bhe

sane. For € ouchi ng any onal | y 'opposi te corrers of fouch

screen (L ORGRIEth A SR RS kW Poitte?eN1d GRY220, that £856n thie) scrcls U
V\PSE configured, sﬁcn

arranges its ircons, or Is other re that only one of the

touch paphatazedlshy, Tn dteoFi&ncd Wik #h BRAPOAINARE OF itAkgsrddeeiew th. For
exanpl e, touching the upper right and |ower [eft corners of touch screen

100 opdngeasiono Wihes kwider snoeepointdrsttouch the stevet simaltarsadigpper | ef t
of touch screen 100 has no neani ng associated therewith. | n this case, the

U di sathigrisia¢esreddd &3 & "ruits-tohehc'orh@ictetodGhapdt 20y nvhifACGr25] | n case
(tii), a finger closer to a PD blocks nore light fromreaching the PD than
does a touehéng thatsdareenariloek lighbfromereamchingnsqane: of PHI sedaivaos 1140t he
closer finger blocking nore anbient !ifght fromreaching the PD that does
the farlfhagcandagse an; gMbaditnany; off dae Aresert invenfionakle doeatieRe wi t h
e ont s POEFS e 8P Sbrs S deBir I 25 R ke B ¥ 1 o
o e Hafbers T e Bk Il 18T B B 200,
o el OB G IRER P REEHA S WPk | (. | oo
than t hedd9h nflatiecdghat PDs g and h and at PDs a

[00121] When two or more pointers touch screen 100 simultaneously

along a common horizontal or vertical axis, the positions of the pointers

are determined by the PD receivers 140 that are blocked. Pointers 10

and 20 in FIG. 6 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, ¢ and d. Along the

left edge of touch screen, two different sets of PD receivers 140 are

blocked. Pointer 10 blocks the PD receivers marked e and f, and pointer

20 blocks the PD receivers marked g and h. The two pointers are thus

determined to be situated at two locations. Pointer 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 pointer 20 has screen

coordinates located at the intersection of the light beams blocked from PD

receivers a - d and PD receivers g and h.

[00122] Pointers 10 and 20 shown in FIGS. 7 and 8 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 pointers 10 and 20 are diagonally

-23-



and b, then it is inferred that the fingers are positioned as shown in FIG
8 . The conpari son nay be based on sunm ng or averaging the respective

bl ocked RDe 2aioongo3each edge separately, e+f vs. g+h, an@®CaAS2M9/031248l.

Al ternatively, the conparison nay be based on summ ng or averagi ng bl ocked
PDs al ong two edges; i.e., based on the maxi num and m ni nrum of the val ues

e opp T TR AT B R D,
—+ . .
i 9 Rk BRI,

to Fl Grespertideh? toubhitly i€ bdtesanghefarl £SO tEftSHF RRIEH Béfectf1@D,s a two

finger glide novenent, i'n accordance wi th an enbodi nent of the present

I nvent igyijlluBteat@d e FOIG(e®ent illustrated in FIGS. 9 and 10 is a diagonal
glide that brings pointers 10 and 20 cl oser together. The direction of the
gl i de [0 er Diswimiinatimghzeiyesen FEGU ZramiD FI&.e8\isresdtiMedby ditbheked. As
shown in FIGS. 9 and 10, bl ocked PD receivers are changing froma and b to
PD r ecdjiyassodiadingthe samaéeneaghtg tadbthriouah pattednsp oPii) dxyei vers 140
nore to the left. Simlarly, blocked PD receivers are changing frome and f
to PD rasssicialing meaniite te®nlyomeof dhe el teush RpBANNH @'b(liﬂ% Becei vers

éﬁ?n{"éirﬁe;f%u‘si%% Hy @aﬁ%&e?oﬁh%oﬁ?t,%”@%t‘%ﬂ%ﬁ@% E%dcileidiﬁbéfé‘f%kg‘%“g T the
[ | ' . .1 00127 ' 10. 20 [ |
common W6 P Gra 308 S EoRSaI0 s aher Rase Lot igditad syGhtty tHEEHERFS i ng
0l 1 de_pathGHiDSo WNEn POIY BEE. X AYFEE. 3 Sr8hedHASIFbP R RBTE

vertica
touching any two diagonally opposite corners of touch screen 100

operates to unlock the screen.

[00124] In case (ii), the UI arranges its icons, or is otherwise configured,
such that only one of the touch patterns FIG. 7 and FIG. 8 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. 7 is the correct touch pattern.

[00125] In case (iii), a finger closer to a PD blocks more light from
reaching the PD than does a finger that is farther from the PD. In part,
this is due to the closer finger blocking more ambient light from reaching
the PD that does the farther finger. The light intensities at PDs e and f
are compared with the light intensities detected at PDs g and h.
Similarly, the light intensities detected at PDs a and b are compared with
the light intensities detected at PDs ¢ and d. If the light detected at e, f
and at PDs ¢ and d is greater than the light detected at PDs g and h and
at PDs a and b, then it is inferred that the fingers are positioned as

shown in FIG. 7. Similarly, if the light detected at PDs e and f and at
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axis, there may be anmbiguity in identifying glide patterns, as illustrated
in FIGS. 9 and 10. | n case of such anbiguity, and as descri bedherei nabove
with refewenew/ o3l GS. 7 and 8, discrimnating betweenPET@GS2@0a82481 G 10
is resolved by either (i) by associating the sanme neaning to both glide
patterns, or (ii) by associating nmeaning to only one of the two glide

ti ng _ [two glide
B 1 he P s 2Rl bl Mem R B A E AR PP ER e IR R A at (B3 TS ©
¢ the BT | €15 "ot hmde _

cmhod i STl BIRRrSR OB (HEAhGRRS BEB PO R BRIl Ty yTe:

controlgedriy c@n?@é&%@h |rﬂ,é%/(lﬁ‘@ba%ﬁ@lmh -su-FhﬂjihEQ?r é@é?égi‘hgr gspective signals
LEDOO - LED15 from LED swi fches A, and receivé current” from VROV and VCOL

t hr oughrespieceive bliockedr BDB.aldhg dd&h edgel separetpBstev€ . gpahs arfed - PD15
fromshift register 120. PD output is sent to the controller via signals
PDROW aanrtl bBPIX-CE+ dOp &l teernabived y t thee contpatis@n ,may hébasedt aheurninrand of
current limters Bis described in applicant's co-pending application, US.
Appl i caan avieskgingl bikecked2PR3 Bleng o edages; Febr, imsgdion axichwmt it ed

LI GHT- BASED TOUCH SCREEN, the contents of which are hereby incorporated by
r ef er ertied Mmoo afcEhys yahdes @ Hh+enth @ hbrtg vh, igredphessbr@and nventi on, the

g CoATER | el iR TSRS e e R b ponac”
cor r esgBriIn MBS il el bt G5f (o A TPKITLER S U b B BFa Y bi ¢
doact i varts HyiEhER YERenttR s FHEGRF R Myl a3l €55 50 85 100y
Simlardngwhif FiE. 9. controlled by a second serial interface,

[00126] Reference is now made to FIGS. 9 and 10, 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. 9 and 10 is a diagonal glide that brings

pointers 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. 9 and 10, 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 pointers 10 and 20 farther apart, the blocked PD

receivers change in the opposite directions.

[00127] When pointers 10 and 20 are aligned in a common vertical or

horizontal axis, there is no ambiguity in identifying glide patterns. When

pointers 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. 9 and 10. In case of such ambiguity, and as described
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which transmts a binary string to a shift register 120. Successive PDs are
activated and deactivated by shifting the bit string in shift register 120.
Oper at i orwof2oshi2id31r egi sters 110 and 120 is descri bed i RCaski0as24S

co- pendi ng application, U 'S. Application Serial No. 12/371,609 filed
onFebruary 15, 2009 and entitled LI GHT-BASED TOUCH SCREEN, the contents of

uhi ch a1 diRLENVelRANARLALAS, DY EIREE! 975Ra & OFLTHNIndiil BEkRELON to the

enbodi nent i n_accor dance W't ment of the

presentp@yen hBrFI .Oiro ci‘l@@dadfei)éh%?le(g%'b@ %@d‘lé‘ﬂh Gl a touch

screen, and plural 140 are arranged a our |des of the screen,

as Shovmearmrlf o Beth y\haé pattEFRs, 130 (i p bly'éssddiaﬁ?hglrﬂ@bﬁn%stéré?nl‘?fohé ght

substantlally parall el to the surface of the screen 140 det ect

r espectafvithepwbi gide platteévirss, Idrgfiti) bgcewaduring anidheomgriringrieof the LED
130 and the PDs 140. The four LEDs 130 suffice to determ ne the screen

coor di rernesint$ of lpghintdetectedcdit e bldckapPDspl aced over a portion of the
screen, based on the light intensities detected by the PDs 140. [00132] The
pr esent[0083nt Refierances nopl erade éd FIGsdderwhidyised afcuibdiEgrasn exfns
including inter alia (i) touch screens that are responsive to both bl ocked
and r eftodlehesrneeghl 0Q friomtkXGh Ss dn caseordanre suitban @@a@éaneaﬁ@ﬁt € ii)
touch screens with errbed ed reflec él ve el enents, éiv screens with
rrult.-l%rﬁére%dw@ﬁglon(ﬁ gdiielps d3Qand RO 1diQere mtr%l Y @&nd (vi)
touch scr W|th | sensor nd i mage_processin ver al
ol e EPIET GOt RSN DS TR TEERNE ESSRRN St iAS AR G
or gani |G 13,
whi ch i d 0]

0TS fﬁ%ﬁf HELLShIERs Ao resore S B ESEE %@&%ﬁﬁ%‘@

bl ocked), bggh élﬂ‘?'ehgfh'n’?&le@ "Jirl gﬁ‘e PD8 RACENEPBESUilE sign&isosppient of the

present I nvéntion.” Shown
PD15 from shift register 120. PD output is sent to the controller via
signals PDROW and PDCOL. Operation of the controller, of LED switches
A and of current limiters B is described in applicant’s co-pending
application, U.S. Application Serial No. 12/371,609 filed on February 15,
2009 and entitled LIGHT-BASED TOUCH SCREEN, the contents of which
are hereby incorporated by reference.
[00129] According to an 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.
[00130] 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 registers 110 and 120 is described in applicant’s
co-pending application, U.S. Application Serial No. 12/371,6009 filed on
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13 is a touch screen systemw th a glass screen 210, and a printed circuit
board 220 with circuitry 225 for controlling the conponents nounted on it;
nanel y, awpl2oreal2iady of near infra-red LEDs 230, a first ppiousadiowngi2a$ PDs
250, and a second plurality of PDs 260. Circuitry 225 is operative to
generate signals in response to light emtted by LEDs 230that is bl ocked

that 1 8 SEHPRdr ks BOOR &Ry TR A RIBHIE BhSEE 10N SREERC e Che Toucn
Soren AR of ey v HePeBgSREbRSSIBobpBEl@Melh ref erence 1o

configurations nos. Reference is nmade to

FI G 1‘{001’§1‘]Ch1hﬁjl§tlﬁtﬂ6h'tﬂﬁﬂb nf86 @i eht 3hboHt th FIGRES, RY SiceBrawhde
sel ective area touch aligned with user interface buttons, in accordance

wi th anvightenotirrt e@fbddimdiitesetite ipresant mer&ebﬁpfmuﬁLED@amwsre_ref ers to
a touch screen for which a sub-area of the screen is touch-sensitive, and

t he r emriaoddrindthe feurscomersi of adbucbusdreensidrd/ plurédbDsaill40 asel ecti ve
area touch is used with md-size and | argesize screens, for which it is
unnecesarafaygeﬁaalonlgetmmmesmgﬁtheﬁtaeenaasashwmcmthGeﬂé! t WeenThe
touch screen of FIG. 14 provides a |l ow cost solution by e E/ I%’ a smal |
nunber @1 LEEDd 3dhis bbsit pieieetsa® ancreft bght aHbgtapdally paea gb §heo
optim ze touch dﬁt ection in the to ]tlﬂ(;a ensitive sub-ar ea@{ﬁ?Oé For
exanpl SURACR Of theireste hB§ FiEl ﬁeﬁﬁéﬁsgﬁﬁ@}’@lﬂﬁé”t ehERIS or text
I nput . | ocat i,.on he ke ‘boar re ed, and
then 1 HiMteatcoriTRRE the hedlinardte, LED 139, 8RaETE PH-GERLE Thecnes on
t he key; r user
P e e P P BRI L
fFor handy L5nPfiRBeR, PRICR o9Er dBoRG5RF the screen, based on the light

intensities detected by the PDs 140.

[00132] The present invention may be implemented in several types of

touch screens, including inter alia (i) touch screens that are responsive to

both blocked and reflected light, (ii) touch screens with selective area

touch, (iii) touch screens with embedded reflective elements, (iv) touch

screens with multi-layer screens, (v) touch screens with wide light

beams, and (vi) touch screens with image sensors and image processing

logic. Several implementation of the present invention are described

hereinbelow, organized as configurations 1 - 33.

[00133] Reference is made to FIG. 13, which is a simplified diagram of a

touch screen system responsive to blocked light and reflected light, in

accordance with an embodiment of the present invention. Shown in FIG.

13 is a touch screen system with a glass screen 210, and a printed

circuit board 220 with circuitry 225 for controlling the components

mounted on it; namely, a plurality of near infra-red LEDs 230, a first

plurality of PDs 250, and a second plurality of PDs 260. Circuitry 225 is

operative to generate signals in response to light emitted by LEDs 230
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[00137] The present invention is of particular advantage in providing | ow
cost touch screens with selective area touch. Conventional capacitive and
resi sti vewoaooh2sisnieens are costly, since the required crasnoioweriay
general ly cannot be used to cover only a sub-area of the screen surface.
Furthernore, the wiring used in conventional capacitive and resistive touch

| [.e: . f I .
he i ietIgopkeq TG BES 23860 4 BEuREr By Scfden 2L on 3t er o
I nvent '@%Rbﬁs%cl.% ﬁ@h@‘théﬁ?’s F@ﬁe?ﬁé’%{}b?%h@ﬁoﬁ%??&o%ﬁlﬁ)ﬁ? general |y
ional tot un-

proport perimeter of the touch sensitive sub-area. The touch

screen (p0pyy) | Dthlls ofdhel u@*38R3eh sYSRSMOHH FIG. LI Hre d&derie@ corner of
the screen, and PDs al ong the edges that neet at the corner, for a keypad

user i Mertdiabelow hetiPPefaeiree td cohfigueatiensatbdyl & Bamd FIGSLR Ag the
screen at one of the keypad buttons, which suffices to determ ne which

button 30. bei ng touched. [00139] Shown in FIG 14 is a touch systemwth a
gl ass screen 210 including a touch-sensitive sub-area 213 containing an
array dPOBNt oRefened)caaisdmmage totRkkG cilde uvhidboisr @ shaplifiechdisgran tafya 225
for controlling a plurality of PDs 270 that are nounted thereon. A so shown
i n Fl Gtowchas@eeansystersovithi salediiye areni tpwch alignedovish ysenuderiageer ence
i's rradel%lto FIG 15, which is a si Wfi_ed di agram of anot her touch screen
syst em R EANS IR ECFOEIBNER Wit @n eMmbogdiment At ENRiRNeSEAt dR¥BREHRBNt of the
present_i nvEnt i on. The r%ou h- sensi ti VE subar era 21 .ﬁwhown i n FI Gf 5i1s
non- r e AFGHVErAIGRHRICN SREETSY BOHEE) AL W ARHB 788 Of Hi%r f ace
desi gne r itiane ' d ordj -area 213,
o or e ERas DR RSBl IR AR s PP SERE S LEoRLRoRERR,
sub- ar g fehvAULGBAErAIRY, S8LERLEGdLHANGS iQUbaHARitAl mi i g e L iatge-

size screens, for which it is unnecessary that the entire screen surface

area be touch sensitive. The touch screen of FIG. 14 provides a low cost

solution by employing a small number of LEDs and PDs, which are

strategically positioned so as to optimize touch detection in the touch

sensitive sub-area.

[00136] For example, a user interface may include a touch-sensitive

keyboard for text input. The location of the keyboard within the screen is

designated, and then the LEDs and PDs are positioned so as to be able to

detect touches on the keyboard keys. I.e., the LEDs and PDs are aligned

to match the user interface. For another example, a user interface may

include stylus support for handwriting on a corner of the screen.

[00137] The present invention is of particular advantage in providing low

cost touch screens with selective area touch. Conventional capacitive and

resistive touch screens are costly, since the required screen overlay

generally cannot be used to cover only a sub-area of the screen surface.

Furthermore, the wiring used in conventional capacitive and resistive

touch screens generally traverses the entire screen. As such, for large

screens the wires must be large and thick.
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[00141] Details of the touch screen systens of FIGS. 14 and 15 are

descri bed herei nbelow with reference to configurations nos. 4 - 14 and

FI GS. 31 wo2410/1203142] Reference is made to FIG 16, whipch/usgo@/osizaplifi ed
di agram of a touch screen systemw th reflective el enents enbedded in the
screen, in accordance with an enbodi nent of the present invention. Shown in

PG LGqbEash, C BHSIIeRAEGH, thElbRsEheRRaloh el ssule R thus R apent s 217

enbedd ass; rinted crrcui ard Circuitry

225 1 Oghgogtfdcq{ FEF&F?%%@%S%Y VHXIB?E))?ESIRHBPEEQHE PR eter HfHY ?ddézrﬁoo‘c LEDs

230 an urality o own in G 16 are |enses t hat

di rect ddrifitivergu-adeldyY th&%odeR dPebhfsioWhVii FIGIY Sfotldxaiphd, a poi nter

t ouches screen 210, the light reflected by the pointer is detected at PDs
270, angsassedlyt a slayky NEDeirt hecdrpentdfothepbetden, ondtPDs aldidg 4R dajed | s of
the touch screen systemof FIG 16 are described hereinbelow with reference
t o confthgdrracebrt thescodter, f29 aakdypadlisetbinteBfacer! TSe FI3s deb8cslight t est
results of sinulations of the touch screen systemof FIG 16. [00144]

Ref er eneflecseddnie at poiRte: taachivig the issreer iating oédhei ey pad dluttonsuch
screen s%:stemwith a nmulti-|ayer screen, in accordance with an enbodi nent
of t he Whihestffigasett dekermiawvhighuttonysikeingttouahestreen with a

P ) A . S 606 Al G BB AS L7
LSt koS BB i b o e AR B Ay BBtk 250
vers BAatthartad Bl Bl A oS QUM oF1 G 1]
and FI G rality of PDs 270 that are mounted thereon. Also shown in FIG. 14
are lenses 280 which direct light to PDs 270.
[00140] Reference is made to FIG. 15, which is a simplified diagram of
another touch screen system with selective area touch, in accordance
with an embodiment of the present invention. The touch-sensitive sub-
area 213 shown in FIG. 15 is non-rectangular shaped, and may be
designated at will by a user interface designer. PDs 270 are positioned
and oriented according to sub-area 213, such that the touch screen is
functional for detecting touches within sub-area 213 but not for detecting
touches outside of sub-area 213.
[00141] Details of the touch screen systems of FIGS. 14 and 15 are
described hereinbelow with reference to configurations nos. 4 - 14 and
FIGS. 31 - 44.
[00142] Reference is made to FIG. 16, which is a simplified diagram of a
touch screen system with reflective elements embedded in the screen, in
accordance with an embodiment of the present invention. Shown in FIG.
16 is a touch screen with a glass 210 that has reflective elements 217
embedded within the glass, and a printed circuit board 220 with circuitry

225 for controlling components mounted thereon; namely, a plurality of
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96 - 99. [00146] Reference is made to FIG 18, which is a sinplified

di agram of a |ight-based touch screen system in accordance with an

enbodi mrerwoabiovhieo3pr esent i nvention. The touch screen sysTarse@i/ B2 18
does not require an overlay. Instead, a small frame 1 surrounds the display
with infra-red or near LEDs 2 and photo receptors positioned on opposite

sides qlebdoRghtNa AfaltBEPOE DY HshUidn 7 FIGI1RaFTTeREZe! . Vihen
ylUus, es r I p

a pointer, I'’nger” or a's ouc the 'screen"i1h a specific

area 3 24 ’ﬁa‘t%i?ﬁ%ﬁﬁ%hgﬁn@mwgﬁgﬁﬁﬁé Wréﬁ@c%l@rﬁ"er&?ﬁi#?t ed. The

obstructe ght etecte y correspondi ecreases In

l'i ght r eieyrrd poinf&etAliches ScriEt 21TGCaI fight refdcted biseask Poifkirssm ne the
| ocation of the pointer. [00147] The touch screen systemof FIG 18

over congsteiched ¢itsRUy A7 0gandofised tyeddticrnaiher sl RidatRoraod thapssintéme touch
screen systens, described hereinabove. | n particular, the touch screen

syst em[00143] G Deetads alfl thet outdt scteen sybtemt oUEEG. @ aspsdesanilsecd | ow cost
system with | ow power requirenents. The screen surface is 100%

t r ans padrenginbgiove avitheeéetanasteconfigyratinesgyes.ehd i-s 28bard t(RIGSpAH e f ast
poi nter novenents. The sgstem IS operable in an extended tenperature range.

The syst 82.sdi%t 9ot RSsshow tesh reswulks ofcsiBrationseokihe savidbssrasn

require calibr tiﬁ. The system has a durable glass surface. [00148] A
di sadvansigE 8f RI® 18uch screen systemof FIG 18 is the bezel height,

PG 1d00 iR RePherdit s T Co RS 0k 1 s 1 VR e ABQTBR o Tetr cen
Pyt e EhcRfireh o) SR EALPRL I M StbahkE BUETHEL o o
an LCD 4 spldphetdf fHe present invention. Shown in FIG. 17 is a touch
screen with a multi-layer glass 290, and a printed circuit board 220 with
circuitry 225 for controlling components mounted thereon; namely, LEDs
230 and PDs 270. Light emitted from LEDs 230 is guided through some
of the layers of glass 290, and light received by PDs 270 is transmitted
through others of the layers of glass 290.
[00145] Details of the touch screen system of FIG. 17 are described
hereinbelow with reference to configurations nos. 30 and 31 and FIGS.
96 - 99.
[00146] Reference is made to FIG. 18, which is a simplified diagram of a
light-based touch screen system, in accordance with an embodiment of
the present invention. The touch screen system of FIG. 18 does not
require an overlay. Instead, a small frame 1 surrounds the display with
infra-red or near LEDs 2 and photo receptors positioned on opposite sides
of the screen, and hidden behind an infra-red transparent bezel. When a
pointer, such as a finger or a stylus, touches the screen in a specific area
3, one or more light beams generated by the LEDs are obstructed. The

obstructed light beams are detected by corresponding decreases in light
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surrounding infra-red transparent franme. The cross-sectional view shows an
LED emtting light that is reflected by a cut-out in the frane, and
di rect ed wohstoanti3al |y parall el over the display surfacecTas2dessrisbed in
detail hereinbelow wth reference to FIGS. 24 - 29. As a finger approaches
near the display surface, some of the light emtted by the LEDs and

S R T PR T e

Wween nger e screen glass. Wen

the fingeatibAUSH Benidirspl ay surface, all of the light emtted by the
LEDs ang éprect eﬁﬁaoyer %he touch location is blocked by the finger. [00150]

Ref er enog1d7 NIWeNRARH Sciddh sPfteWBCRIGS 198 Bvaptbiricadtih agram of a

| i ght - based touch screen systemwi th 4 LEDs and 4 photo detectors,in

accor dafisadvwahtages effcomiveitiora| relfsthye aaal capa@ tiveabuchhscriagti em shown in
FIG 20 is advantageous for a wide variety of screen sizes, including inter
al i a L@ygtand,sdesdribdd hepeiorsbova.adgepdintouldt, the 85uch sceeas sfystem book
readers and net books, which typically range from9" to 13", and HDTV panel s
and el eaft FbGi & Is ablsoto disteahaomultigiotsd. y Thengestenois 42tow eoster 100" .

[ 00151] As shown in FIG 20, there are sixteen locations at which a pointer
t ouch cstem qwitéy lawePWerRedyirementsat EReearE6AsSWifacd és flé}%hor i zont al
and the four vertical Irl;anes. The Séstem I s thus able E&I dentify touch

i nput s ¥BRSBRKETe $INERAREre e MOaQVRTIAYer ENamysEaaT caBlSs o CRREUES fast
050! gt BL LRSS L mBhesRrObEETE 5 bR B o
oK SR o D BERD AT Mg P R S T MRS
di spl ayyo SUABE #2 quifePEaidtion. The system has a durable glass surface.

[00148] A disadvantage of the touch screen system of FIG. 18 is the

bezel height, approximately 4 mm, surrounding the display.

[00149] Reference is made to FIG. 19, which is a simplified cross-

sectional diagram of the touch screen system of FIG. 18, in accordance

with an embodiment of the present invention. Shown in FIG. 18 is a

cross-sectional view of a section A-A of an LCD display and its

surrounding infra-red transparent frame. The cross-sectional view shows

an LED emitting light that is reflected by a cut-out in the frame, and

directed substantially parallel over the display surface, as described in

detail hereinbelow with reference to FIGS. 24 - 29. As a finger

approaches near the display surface, some of the light emitted by the

LEDs and directed over the location of the near touch is blocked by the

finger, and some of the light passes between the fingertip and the screen

glass. When the finger touches the display surface, all of the light

emitted by the LEDs and directed over the touch location is blocked by

the finger.

[00150] Reference is now made to FIG. 20, which is a simplified diagram

of a light-based touch screen system with 4 LEDs and 4 photo detectors,
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the top right of the display, the bottomright of the display, the mddle
of the display, or the entire display. The sub-area with touch sensitive
functi onavotgivayosbe sel ected by a designer, and the LEPsTArsdoiplst2es
detectors are then positioned and orientated accordingly. Touch Screen
System Configuration No. 1 [00153] Touch screen system configurations nos.

Focas f BEirkE ] 4 bR O Bladutt D RSB 12

| ocati on I'nCt1 on, Conventi ona I'ght -ba ouch

SCIr eeNSSHEEN QFB%I&% ?'ﬁR@ba%ﬁE'a ods FoF At \ﬁ\l':clléGQagi‘;efﬁm %tﬁ—ebfhesi&eﬁ?t hon of

t he pointer. eference Ts nmade to Is a sinplified

11 ust riﬂtiﬁlnﬁfinﬁeﬁ aHah cDrsafelsy WHRBh ) picdTRARARGE fRORCRedolg-ght and
reflected light to determ ne a |ocation of touch, in accordance with an

embodi neireent fohe-poekerdaddrseamd eratbooren whichltgpically samgé dpom OWtwi th
four nearinfrared LEDs, NIRI, NIR2, NIR3 and NIR4 arranged al ong the bottom
edge ofl13',same¢DTVqpandéibsart lele@naniddBlboatdBd4vischaypechlbt oaggehe top

edge of the screen, and four nore PDs Pd5, Pd6, Pd7 and Pd8 arranged al ong
the ri ghomedgé tofovare 166 een. | t is noted that PDs Pdl, Pd2, Pd3 and Pd4
are positioned directly across fromrespective LEDs NNR, NIR2, N R3 and

N R4. TABIYdr ebs shawnfin EIGeRQ, dis@ aie BixteeRdopatigasatdwhi¢r @ ed by t he

LEDs and PDs, but is not shown. 0155 poi nter Pntr, includi i nter
alia a RQIpSer teych C@Pyb%éfetﬁ&mﬂ{?ag r\a('l‘%e ar ”Eﬁ&%%%t"?ri‘%ﬁ’? tEﬁi%&éd by one
or nore_of the LE and also, refl.ects light emtted b e, of nore of the
CEoe . S iaatal e HyfdonE iahe] HRes” sihdmysEimis ey aBli 0 a8RtRaS and
Pd4, a ecr f. C [ . f | s | L fied by
one. or oBL TSR s olny ol ag "hBREF ShEEchafrsks, Ui bid
Toget he isp{aﬁ%q SE%@éQé‘ 18&atiBfis PR e e in aRtail Merkfib&ache ity 9nt
determné"the 1ocation

reference to FIGS. 41 - 44.

[00152] It will thus be appreciated by those skilled in the art that the

present invention enables selective area touch, to localize touch sensitive

functionality to a designated sub-area of the display, such as inter alia

the top right of the display, the bottom right of the display, the middle of

the display, or the entire display. The sub-area with touch sensitive

functionality may be selected by a designer, and the LEDs and photo

detectors are then positioned and orientated accordingly.

Touch Screen System Configuration No. 1

[00153] Touch screen system configurations nos. 1 - 3 relate to using
light reflected off of a pointer to determine the location of the pointer. In
distinction, conventional light-based touch screens use only light blocked
by a pointer to determine the location of the pointer.

[00154] Reference is made to FIG. 21, which is a simplified illustration of
a touch screen system that measures blocked light and reflected light to
determine a location of touch, in accordance with an embodiment of the

present invention. Shown in FIG. 21 is a top view with four near-
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of pointer Pntr. [00156] | n FIG 21, for exanple, light beanms Lbl, Lb2,
Lb3 and Lb4 fromrespective LEDs NNR, NIR2, NIR3 and NIR4 are shown

di rect ed wowarod103e¢specti ve PDs Pdl, Pd2, Pd3 and Pd4. S8cmiusariop3iznef| ect ed
| i ght beans Pbl, Pb2, Pb3 and Pb4 are shown directed towards respective PDs
Pd5, Pd6, Pd7 and Pd8. A reflected |ight beam Pbl, Pb2, Pb3 or Pb4 is

_ . : : Li Lbl |
Doo " bR NI NTR2 SRARS & rid e brfandRa, Sbpd HE bBERTR D¢
I dd | ' ) dpoHi ' t Pdl
gngCrGef d(;gcét Ig)g qolgglﬁitéﬁ’s gtlﬁe]gtgg?%te F‘%’ P?hsdghge?gﬁgﬂﬁdr@ﬁé%%g?i@on of
poi nt erto@éﬂgétoﬂlﬂ‘fé 'Sé\*e%rrﬁeé?rﬁdl (Fﬁupfme@P‘D%fPHBiJ PHBP?!’&V%(H’d-’*d&”d the

horizontal ITne fromPd7. 1 n this case, reflected I'ight beans Pbl, Pb2 and

Pb4 ar earrahgeersioaigethe FHYhtSad g of ahler sdriceh. opersahoted that POsCPdICr een
systemof FIG 21, pulses the LEDs separately. Wien a single LED is

act i vatRd2, tRd3 RDid Pal4 Grdi pasitioneadcdivestly rearess dnoms resgzetivand E€sch of t he
PDs Pd5, Pd6, Pd7 and Pd8 are al so read. When pointer Pntr touches the

scr een,NIRJhtNERZ; MNIRB/apdtNIR4.i déwet $¢riesmn diselirie positionedoivithiDs thdl , Pd2,
Pd3 and Pd4, and light reflected by Pntr is identified at one or nore of
PDs Pdhomigss drlineatedrag threilPsiany PRS- Ibut is1nok pROwINgnal detected at Pdl

when NIRl is activated, is I_owler .than the signals detected at Pd%, Pd3 and
Pd4 whdA0IN pe bt PORLEERNHY, ROCIUGiRG 1RERS RliRA BRgeRc & &tulS, 2OUSNIRG Ul 1 of

po. andBuRHEE hDIKE HoNdk SPEF et PP g PSS SIS LhRSH G0t AR of Prir | s

cet e ket B AR RorEt E el SHSBladke thb #5501 11 g

reflectiadnb¥icd BYISHELrINBrE APAY, PE®, PeS'SnPPd4, as a decrease of
expected light. The reflected light is identified by one or more of Pd5,
Pd6, Pd7 and Pd8 as an increase in expected light. Together, the
location of the blocked light and the reflected light determine the location
of pointer Pntr.
[00156] In FIG. 21, for example, light beams Lb1, Lb2, Lb3 and Lb4
from respective LEDs NIR1, NIR2, NIR3 and NIR4 are shown directed
towards respective PDs Pd1, Pd2, Pd3 and Pd4. Similarly, reflected
light beams Pb1, Pb2, Pb3 and Pb4 are shown directed towards
respective PDs Pd5, Pd6, Pd7 and Pd8. A reflected light beam Pb1,
Pb2, Pb3 or Pb4 is generated when a pointer is placed in the path of one
of light beams Lb1, Lb2, Lb3 or Lb4 at an appropriate position. As
shown in FIG. 21, Pntr is placed in the path of Lb1 opposite Pd7.
Blocked light is detected at Pd1 and reflected light is detected at Pd7,
thus determining the location of pointer Pntr at the intersection of the
vertical line from Pd1 and the horizontal line from PdZ7. In this case,
reflected light beams Pb1, Pb2 and Pb4 are not generated.
[00157] A controller operating the touch screen system of FIG. 21,
pulses the LEDs separately. When a single LED is activated, the PD
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determ nation of both a horizontal and a vertical position of a pointer.
Specifically, referring to FIG 21, if PD Pd7 detects reflected |light, then
it may bewonbsynewit hat a pointer is | ocated somewhere @aTiUseolomsi2asont al
line fromPd7. Furthernore, the intensity of reflected |ight read by Pd7 is
a function of the distance of the pointer fromPd7. The closer the pointer

is t - hj ' | Ly f t ' d7. As
such, e B ari R R Ys TedsroniE eBE E e FDs REEE Be
o : ¢ . . _ " . : i .
2 eat oy &7 PR EERACAR fead DI ER, PO e P ISt S e e e
| ght gniBekal!by Pt idageriiied 8f oneRbF PRlofd af PRO PR PUD)PdBOSEO]
Reference is nade to FIG 22, which is a sinplified illustration of

ref | ectpd4l, emrkHghsedflactdd byePherid igengfiad stsoranaf midre o2RDsi Pd5,
accordance with an enbodi nent of the present invention. The four edges HEl,

E2, E3 Rd6, Pd?farih®Pd®udtefecriogntaaFEG 2 thésighalhwdetactEdGt PA1 r ef | ect or
| enses are only provided at two of the four edges. A first reflector |lens

i s prowhbeo NMIRddiscactivatemgiswowsar tHEDs the RignalsRietaated ainBdR, FRRD3r e
positioned, in order to direct |light beans Lbl, Lb2,Lb3 and Lb4 emtted
from r eyt Bd4 evhengesparctive iEDs i IR 2a NIRBrand NEBG areastiveted 85 t he
screen to respective PEDs Pd], Pd2, Pd3 and Pd4. A secqond reflector lens is
provi dé!jrﬁw'éd?jeb'@@ﬁﬁﬁ %Lbé;oﬁfﬂ%éget%@n? ghPALdadighghshpi &€ across

e oo 851" Pl S B B PR S B3 Bt S e i8S, P 0L

o0 b kel B8 Pk e B ReRC bR BB ERS PR BHTSE 2

have a pgfas3Ct o wWik'be apBHEdatEd R LY SRR B 3rt RRabmatysis of
intensity of light reflected by a pointer and read by a PD leads to
determination of both a horizontal and a vertical position of a pointer.
Specifically, referring to FIG. 21, if PD Pd7 detects reflected light, then it
may be inferred that a pointer is located somewhere on the horizontal line
from Pd7. Furthermore, the intensity of reflected light read by Pd?7 is a
function of the distance of the pointer from Pd7. The closer the pointer is
to Pd7, the higher the intensity of the reflected light read by Pd7. As
such, the intensity of the reflected light may be used to infer at which
vertical line the pointer is located. Use of intensity to infer distance is a
feature of reflected light, but not of blocked light. As such, reflected light
generally provides more information than blocked light.
[00159] Reference is made to FIG. 22, which is a simplified illustration of
reflector lenses used with the touch screen system of FIG. 21, in
accordance with an embodiment of the present invention. The four edges
El, E2, E3 and E4 of the touch screen are shown. As shown in FIG. 22,
reflector lenses are only provided at two of the four edges. A first
reflector lens is provided at edge E1 along which LEDs NIR1, NIR2,
NIR3 and NIR4 are positioned, in order to direct light beams Lb1, Lb2,
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[00161] Reference is made to FIG 23, which is a sinplified illustration of
a touch screen systemw th PDs positioned along three edges of a touch
screen, iwoacwonrdsmce with an enbodi nent of the present PCIWSRE10081248y

addi ng PDs al ong edge E4, the touch screen systemis able to achieve higher
precision in determining the |ocation of Pntr. Mreover, the touch screen

Syst emiis3a @ in SERESH BEord MBI NRLERDS NER, IKRRALCRERASAR! MUl L Pl e

poi nters ing the Streen similtaneous € system of
FIG 2 d I I | d e PD
acrossjlﬁgﬁ?ﬁl&ﬁlg‘ gﬁfga"t%d%iz?rﬁ’%s%gﬁédﬁ{ttﬁ\%%&e%gllvgngtg gggiE?%%dP 4:§1 are
read. B¢ ipaiy! 'N%bcbﬁdqféf%ﬁt@ﬁl |Es ﬁ@%rﬁ’@c@cpag e%l%eE§3ln Bedéeed effrddtoht is

detected by the PDs al ong edges E2 and E4. [00163] n the case of a single

poi nt ertheolight behens etansrhitbed lrosg thegasfaee @T&h@s@@@rﬁt@ réspéetive
resolution than a single set of PDs along edge E2, as in the systemof FIG

21. Speath$iRdl) Pd2hPd3:=batdiRd4i.ntensities of reflected |ight detected at a
PD al ong edge E2 and a PD al ong edge E4 determ ne the distance of the

poi nt er[001@h eAshdessrjieed ibedzowagéth[ Efeeance ta FIG. 2958°0s Rdb; Pd&, poi nt er
touches, consider for example poi nters touching two diagonal corners of
the scrlRdd andRd8; V\mjcht@teucg r@flggaedﬂl@hédgée@psumﬂeddo@@@etfm, and a
second poi nter |s cl oser, to edge E4 tha to edgI ﬁﬁgp each pointer, the
light r ﬁ@@t%br faee iand dpdael redgeeiare ?G;Fl?(re'ﬁ £ Y%é EisphEePeffect ed to

its farther e The rel ve inte S|t|es of light reflected onto the
cl oser %\(%J%(EZ g&&é a‘ib??’rﬁrﬂer?ﬂg %&eﬂ on of each pointer between the
edges. | n addition, if blocked light is detected at non-adjacent PDs al ong
edge E3, then this indi cates that two pointers are touching the screen.

Eizm;alngr uc!.'henp%%ﬁcéggtéhg@oﬁﬁgqmﬁ%ﬁqqat Jw0n-adj acent PDs al ong edges

[00161] Reference is made to FIG. 23, which is a simplified illustration of
a touch screen system with PDs positioned along three edges of a touch
screen, in accordance with an embodiment of the present invention. By
adding PDs along edge E4, the touch screen system is able to achieve
higher precision in determining the location of Pntr. Moreover, the touch
screen system is able to determine a multi-touch; i.e., the locations of
multiple pointers touching the screen simultaneously.

[00162] As with the system of FIG. 21, the NIRs are pulsed separately.
When an NIR is activated, the PD across from the NIR along edge E3, and
the PDs along edges E2 and E4, are read. Blocked light is detected by
the PD along edge E3. Reflected light is detected by the PDs along edges
E2 and E4.

[00163] In the case of a single pointer touch, the sets of PDs along edges
E2 and E4 achieve better resolution than a single set of PDs along edge
E2, as in the system of FIG. 21. Specifically, the relative intensities of
reflected light detected at a PD along edge E2 and a PD along edge E4

determine the distance of the pointer from each respective edge.
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I ndicates that two pointers are touching the screen. E.g., if reflected
light is detected at a PD along E2 near E3, and also at a PD al ong E4 near
El , then wbi2si0/n2didcat es that two pointers are touchi ng Phg/usceemsi248 f
reflected light is detected at a PD al ong E2 near E3 and at non-adjacent PD
along E2 near El, with an internediate PD that does not detect reflected

B T e S e e

[ 00165 rence I's nade to s’a’sinp

o ! g T . o
a porti erqg%raaf‘%céﬁfﬁ&g : 8%ﬁagbﬁ81 BYriveld éPEHé’Fggéi%g] Ag tgb?ht%?qgr ance

with a e present 1nvention. Reference 1s al so nade

to Fl GclgSer vhiekiyd E20tHERIE Eddd EY,en@la §8C05€ Poifterois EibSer 8¢ difse gnat ed

A-A, in accordance with an enbodi ment of the present invention. Shown in

FI G 2E4<than totdger EQ. t Fanepahemintegnhellight refleceed ed itsBloder and a
display 5. Franme 1 may be inter alia a photo frame, a nonitor, a TV or an

e- book.edye is bhimhter thehGhe2bght rafleated o i fartheamelgk.. Theeredativgap from
cut out 2 generates a mrror with a 45 surface, which directs refl ected
| i ght 4nb@nsitieshefl kgint aefecfedippd dhexclos¢nand7farbeee edgecdetermine to FI G
26, which is a si nPI i fied idi agram of an LED for a touc_:ril screen system wth
a di odehenpesigian ot eaght PeINGaT Deswicgs, the edaesr dimeddiion, Hnblogksd nent of
LT 2 SRR s PR Tl P 105 Bt Gl 1B T
2 o S SR o R oSl SRS RS, Eheeien IBhE L B
o b AR ARG d BBt POCSRIIERERY £ B BECHE ShPhite, preser
\LMEch Cglihaftedfh%tﬂh%@@ tNPPBinRMe fe tAlthifY B Sded2E. §EGR AR IR oM

is detected at a PD along E2 near E3, and also at a PD along E4 near E1,

then this indicates that two pointers are touching the screen. If reflected

light is detected at a PD along E2 near E3 and at non-adjacent PD along

E2 near E1, with an intermediate PD that does not detect reflected light,

then this indicates that two pointers are touching the screen.

[00165] Reference is made to FIG. 24, which is a simplified illustration of

a portion of a touch screen display and surrounding frame, in accordance

with an embodiment of the present invention.

[00166] Reference is also made to FIG. 25, which is a projection view of

the section of FIG. 24 desighated A-A, in accordance with an

embodiment of the present invention. Shown in FIG. 25 is an infra-red

transparent frame 1, an infra-red LED 3, and a display 5. Frame 1 may

be inter alia a photo frame, a monitor, a TV or an e-book. Also shown in

FIG. 25 is a cut-out 2 in frame 1. The air gap from cut out 2 generates

a mirror with a 45° surface, which directs reflected light 4 above the

surface of display 5.

[00167] Reference is made to FIG. 26, which is a simplified diagram of

an LED for a touch screen system, with a diode that emits light from the
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and re-directs the light over the surface of LI. [00169] Reference is nade
to FIG 28, which is a sinplified diagramof an optical elenent that
focuses |wohvieemiaied by an LED focused into a narrow beamuszeioasres dance
wi th an enbodi nent of the present invention. Shown in FIG 28 is an LCD LG,
a PD LI, alight beamLil emtted by an LED (not shown) near and focused

by an Qﬁaécﬁ% mﬁkgp&&ﬁcgwtﬁ%ﬁe%mﬁgm o\‘fﬁlp He%%h?qn{lﬁtlﬂoﬁ gfﬁhe\ﬁ# oCUS

beam R~ onf I's surficrtent [0se to

of opt ijakrg! ?%5578]‘%%&? /2talt HRpRAY X L D) [%C‘éngbW%n gagges through

to FD nce 1S nmade to FI a sinplified
d' agr anmef %f@u%ﬁ?rotécﬂ@iraﬁﬁﬂ wreaAaab Che Withng side R rhRbigly aRIRen for

detecting reflected i ght above the touch screen, in accordance with an

enbodi Me0168)f Refergresey maveod iFIG. 279wWehidh sl @surim%lnf@cadmgaahmofu a
protection glass G overlaying LI, and a PD Pdl situated underneath GI. A

poi nt erarPILE@efar attesich saleecsestein ghtith eadioliel thathértits Eghts éctradhey a
cutout in @ to Pdl. As such, reflected Iight beamPil is detected by PdI
beneat Ho@, iTacsorganeenvihsar@ndoadigentaf dheNoresertoinventioRef Shawe s
made to FIG 30, which is a sinplified illustration of an arrangenent of

phot o dNJtE@; 2phist antkGAsk 11 areraghirtaiasioalCi anel €htwithad|tePa t ouch
screen systemto read rs t at are snaller Fe sensor_el enent s,
' accariR d ,a@n bk @fL%eth@té@gﬁtvqsﬁ@m AT DN FI G 30
are a mrror r hbns 9% nfr QLEDQOZ a reflected Iight
beam oc¥'d &ep fﬁ? g Ec?vzfr 696‘51r AfrQ ﬁ or optical |ens 901 generates
a i demgﬂ{g]deﬁ%gg%}ﬁ;ekgnﬁoms¢m IR a didiEY Blddi8m Yr oPti o

| ens.
an optical element that focuses light emitted by an LED focused into a

narrow beam, in accordance with an embodiment of the present
invention. Shown in FIG. 28 is an LCD LO, a PD L1, a light beam Lil
emitted by an LED (not shown) near L1 and focused by an optical
element O1, such that light is reflected into a reflected beam R1 only
when a pointer P1 is sufficiently close to LCD LO. The focus of optimal
element O1 ensures the only the focused beam R1 passes through O1 to
PD L1.

[00170] Reference is made to FIG. 29, which is a simplified diagram of a
PD that is placed underneath the plane of a touch screen for detecting
reflected light above the touch screen, in accordance with an embodiment
of the present invention. Shown in FIG. 29 is a display L1, a protection
glass G1 overlaying L1, and a PD Pd1 situated underneath G1. A pointer
P1 generates a reflected light beam Pil, which is directed by a cutout in
G1 to Pd1. As such, reflected light beam Pil is detected by Pd1
beneath G1.
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possi ble to sense an anal og change in the amount of |ight detected at PD
905 when a pointer blocks a portion of the wide beam The w de beam enabl es
sensi ng awmoanalw3ichange when pointer 904 is placed in PcomaS2ai/0ki2ag or or

| ens 901. The wi de beam al so enabl es nmounting the mrrors or |enses far
apart fromone another. [00172] Wthout the w de beam there are generally

spaces gl YR8 cPEaRPS] Bbnd CNFIBFSRS NBIIZ10 it | mossible to

di stingurs etWeen a’'uUSer draggFng a poi nter across the beans, and the

user t gpp g ORe@'éFér?c‘eeLé;njf&?éTﬁo PG S8 E 'whith 13 MsHpNifiRPARA AR 61 Yrdeams

t he pointer "touch nust very precise in order to cross a narrow beam

Touch S eprarySiRtGMphats dio@es Nohoth tRHS HorSaued optices eI Sxfdria

configurations nos. 4 - 14 relate to selective area touch; nanely, the

abi | i t tHae dresisiei 7 onoh Hceeehasattean tdetadt poimters ehatbrarseaaldér thenscr een.
Sel ective area touch significantly reduces the cost of providing touch

functi dna seysdroeldraeges,sicr aecardancd witint angemdocinfantcof thepregemo one or
nore designated areas of the screen; e.g., to one corner of the screen. | n
di st i ndnventionesbhiowmr infIGaglcare aemitoctorseptical kEns®0darminitaved only
a sub-area of the screen. | n addition, resistive and capacitive touch

scr een LER B2 ogi &flgsdeddighiobean K3, ainpinten PRk andea IFENP0Rs is the
case for large screens where the signal lines extend the entire | ength or
wi dt h MIrfRE 5&@&5%0&961 Q%erfa&gérﬁ M@ﬁﬁ!‘ﬂ?\t b%a%H?%bsd%Qfdls@ﬁe cor ner

o L R, b8 by BB SR kB e C T L b el '
cccor da6e i by SR ENAULIERL Shchi® Y BieaabNERY Al FURIRCTYG. 3 L
mount edg§8 FhBHE: PlintdrBOdKR!a ALGR! offife FRBRESLSH. P12 &AL Bdimt O

enabl e
enables sensing an analog change when pointer 904 is placed in front of

mirror or lens 901. The wide beam also enables mounting the mirrors or
lenses far apart from one another.

[00172] Without the wide beam, there are generally spaces between
beams that go undetected, making it impossible to distinguish between a
user dragging a pointer across the beams, and the user tapping on
different beams. Moreover, with widely spaced narrow beams the pointer

touch must be very precise in order to cross a narrow beam.

Touch Screen System Configuration No. 4

[00173] Touch screen system configurations nos. 4 — 14 relate to
selective area touch; namely, the ability to localize pointer location
detection to a sub-area of the screen. Selective area touch significantly
reduces the cost of providing touch functionality for large screens, by
limiting touch functionality to one or more designated areas of the
screen; e.g., to one corner of the screen. In distinction, resistive and
capacitive touch screen films cannot cover only a sub-area of the screen.

In addition, resistive and capacitive touch screen technologies perform
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control via a single integrated circuit (not shown). The PDs are arranged
three along the top, for detecting |ight blocked by a pointer near the
surface ovoaosxresm; and five arranged al ong the side, Pomr/usetiensizag |ight
reflected by the pointer. [00175] The configuration showmn in FIG 3 1
supports sel ective area touch, whereby touch screen functionality is

bl ' f " - .
ivan GBI O eF SRR U AR AR 10511 an
power Cﬁ%%?%ig‘n%glih‘éspé?éél_ the &t U|'ér CE[jir}?,leh;idtﬁ B¢ th@%c‘?@bhr R\egf gen, due

to the nunber o Ds and P to surround thé screen. By

provi digh@ ®lch &N ideshfhed td-5Re @thePlef @loB88rdx.ti ons of the screen
edges, the cost is reduced. Mreover, by positioning the PDs close to one

anot her[poi74ggh Regerendnid aade toRIG 0BAl, iwbidhsisas sieiydidi ddniliuseratoos lof
sensitive area of the screen. [00176] Shown in FIG 3 1 are button icons Pl
al i gnecdh wtibh tsltee®D systangertEnselachive grea ltoaehe ah acneraddntaivtitimaral i gned
with the three PDs al ong the top edge of the screen, and five rows of

but t onserabogirenti efhthehpreésert Piertiong Shewni ighFIGd @l arettheeedrEles. Such
al i gnment enabl es accurate detection of which one of the buttons Pl is

e e enca Lo e L Bl G 2 o i 2 orprt] S L ugt rat on o anot her

uch She ot b biin il Sl S el
and fﬁﬂntﬁb@%an{f@a &Hts CE:ar.C%M%h?wga- J@ﬁt DS AF e Belm Lal ;
Sor BBk bt B Ll blRdcrlry IBH BbE08 by o RSRLEF nkBPtinghow) ol ose

to or t
surface of a screen; and five arranged along the side, for detecting light

reflected by the pointer.

[00175] The configuration shown in FIG. 31 supports selective area
touch, whereby touch screen functionality is enabled on only a portion of
the screen. Selective area touch is advantageous inter alia for large
screens, for which it would be costly and power consuming to provide
touch functionality for the entire screen, due to the large number of LEDs
and PDs required to surround the screen. By providing only a small
number of LEDs and PDs along portions of the screen edges, the cost is
reduced. Moreover, by positioning the PDs close to one another, high
precision touch functionality is achieved in the touch sensitive area of the
screen.

[00176] Shown in FIG. 31 are button icons P1 aligned with the PD
arrangement; namely, three columns of buttons aligned with the three
PDs along the top edge of the screen, and five rows of buttons aligned
with the five PDs along the right edge of the screen. Such alignment
enables accurate detection of which one of the buttons P1 is being

touched by a user.
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Touch Screen System Configuration No. 6 [00178] Reference is nade to FIG
33, which is a sinplified illustration of another touch screen systemwth
sel ect i vewDaoohi2a03¢a, i n accordance with an enbodi ment @CTiUseopNERENt

i nvention. Shown in FIG 3 3 are three LEDs LI, L2 and L3 and five PDs Pdl,
Pd2, Pd3, Pd4 and Pd5 nounted on a PCB. Also shown in FIG 3 3 is an

opt i cal-ﬁ;gﬁﬁiggg%mﬁgvg?em %@gl}‘@&bﬁrﬁbt%d fromthe LEDs al ong a pl ane

subst an 0 an e screen surface. The PDs read |ight

refl eCt[ﬁ@l'hlr]OWRfe*Fér%ﬁ.%sgs ig,aede td . 8%, RIS é@gm:p*ﬁﬂ%d F%{%a;ﬁiéﬁfdfeﬁ ed

by a pointer (not shown ose to or touching the screen. The LEDs

ar e actarysiey RRRY dtrdlen syster alitRcdactiv8Yreastdlfithesdccdrdante a col um

coordinate is determ ned based on the currently activated LED, and a row

coor di ngith a5 etebedirhead diasedpessdriteinbentivai. GHeehed FIG. BX (eated |ight.
E.g., if a pointer touches the button marked "1", the second fromtop PD

det ect ssingfd EEDetdli ght eighb PDemMedntes onL&POB Clxl i VEtedDsSread dighy, if a
poi nter touches the button marked "2", the second fromtop PD detects

r ef | ectreflectedtfromebhdilhe. @i, dighd emittes by tidhttbat is reflacted biyug be

appreci ated by those skilled in the art that the two-di nensional |ocation
of a pd?Qinéer {BekRhpywetloski toear tavaling thegreeedw of LEDs, acti vated
serially, and using a single colum of PDs activated in parallel. Touch
Screen System Configuration No. 7 [00180] Reference is nade to FIG 34,

o o ateh SRSy B R SR e oo Ser Sy stem
O s T o PG R 2 R I Aoy P
light refd@rabuch screen system with selective touch area, in accordance
with an embodiment of the present invention. Shown in FIG. 33 are
three LEDs L1, L2 and L3 and five PDs Pd1, Pd2, Pd3, Pd4 and Pd5
mounted on a PCB. Also shown in FIG. 33 is an optical element O1
which directs light emitted from the LEDs along a plane substantially
parallel to and near the screen surface. The PDs read light reflected from
the LEDs; i.e., light emitted by the LEDs that is reflected by a pointer (not
shown) close to or touching the screen.
[00179] The LEDs are activated separately. If reflected light is detected
at a PD, a column coordinate is determined based on the currently
activated LED, and a row coordinate is determined based on the PD that
detected the reflected light. E.g., if a pointer touches the button marked
“1”, the second from top PD detects reflected light when the leftmost LED
is activated. Similarly, if a pointer touches the button marked “2”, the
second from top PD detects reflected light when the middle LED is
activated. It will thus be appreciated by those skilled in the art that the
two-dimensional location of a pointer touch is determined using a single
row of LEDs, activated serially, and using a single column of PDs

activated in parallel.
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fromthe LEDs. A first optical element O directs the light emtted from
each LED over a correspondi ng colum of the screen, and substantially

paral | el wo 2btve12¢@sneen. A second optical el enent Q2 di r ecrasthwe/osefis ect ed
light to the PDs. The systemof FIG 34 operates simlar to the system of
FIG 33; however, optical elenments A and O2 enable use of a small PCB to
house all of the LEDs and PDs. Optical elenent O ensures that |ight from
each LED is directed over a designed area of the screen. Optical element Q2

ensur es-raﬂeh ébﬂ@én@{/k gs(p‘yflg t;%ﬁWb?gdi rected fromthe designated
Touch Sc Y

area of the screen to reen stem Configuration No. 8

[ 00181]106%803" eR@ereﬁqd@%eniéUect&Ff& 34)iwhichSisAa %I.ﬁwlulfa‘ecpmud&aﬁém gfi on of
a touch scréen with four LEDs and 4 PDs surrounding the screen,

accor dansstharttoudh sereeti spsterafwithesdleet eattouaheatdznrin é’ctm)rﬁ@mb screen
shown in FIG 3 5 is generally a large screen; e.g., a 42" television

di spl aywithGri&hbediraeabof the presentrite endidd.GSHByNhiEIGiI 84aasenpl i fi ed

illustration of a finger blocking one of the light beanms of FIG 36, in

accor ddieevikbs &, ehBandidd aofl five R Peit, PdZPd3n Pd4cand #d5 bl ocked

by the finger is detected by respective PDs, and indicates the |ocation of

the fi ngeuntadydeseitpgetherend §m@wq%oﬁéﬂ%PD§uﬁaﬂwygbﬁ rteﬂ@§be<éen at

positiaons aligned with_the pasitions of the LEDs and t ere
hg b L BenligfE eamt

pl acengh®MbEng Lk st &} fiEstno ECG ?l@d’ﬂ@ﬂt O3 direds, T ati on
N0, | R ool da0E B S LA e RGP A o
post {1 QUL P3ghel SOBEHET n Exdh BRI QRRoBEL R nEidde e
light to the PDs. The system of FIG. 34 operates similar to the system of
FIG. 33; however, optical elements O1 and O2 enable use of a small
PCB to house all of the LEDs and PDs. Optical element O1 ensures that
light from each LED is directed over a designed area of the screen.
Optical element 02 ensures that light reflected by a pointer is directed

from the designated area of the screen to the PDs.

Touch Screen System Configuration No. 8

[00181] Reference is made to FIG. 35, which is a simplified illustration of
a touch screen with four LEDs and 4 PDs surrounding the screen, in
accordance with an embodiment of the present invention. The touch
screen shown in FIG. 35 is generally a large screen; e.g., a 42" television
display.

[00182] Reference is also made to FIG. 36, which is a simplified
illustration of a finger blocking one of the light beams of FIG. 36, in
accordance with an embodiment of the present invention. The light
blocked by the finger is detected by respective PDs, and indicates the

location of the finger. A user interface displays icons or buttons on the
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two edges, spaced 5 mm apart from one another, concentrated in one portion
of each edge. A correspondi ng nunber of PDs are positioned in a simlar
dense ar reiogemeniodin portions of the other edges. The | ipgintusb@arsi2esn tt ed
by the LEDs thus forma dense matrix over a sub-area of the screen. [00184]
Such an arrangenent of LEDs and PDs enabl es accurate precision detection of

A oS AR PR e A RPN S s pPE B BB o he.
touch SARBFE picatRridio, Hoife: 88 BRgoRabaan, arrangement | mpr oves

accuracy o ol nter touch'l ocation ection, since each touch is close to
the PD that senses its |ocation. Touch Screen System Configuration No. 10
[ 00185] Reference is made to FIG 37, which is a sinplified illustration of

a touclTtéeaeheScreeh Sysbénd Configiatation Noc@ed di agonal ly relative to the
screen edges, in accordance with an enbodi ment of the present invention.

[ 00186][06E83r ehic @dcordanoe meidl dro efh i diBBentvoif thei sresesitnplvehtiec,
illustration of a finger blocking one of the Iight beans of FIG 37, in
accor daneseviEDs andeRbsdinamthaese showir 53 FIGS n3Snand 36 Rressngtoyad, 38
show that |ocation of a pointer touching the screen can be determn nedby a
si ngl e AnGposéAned Kieserstageihiesd. EQue hnsteasheof §upakElbp ner eachafttheul ar
advant age when only a _fe uttons. are needed to operate a user interface of
a devi d&O0 fHgESs 32 %fﬁci%/sggr@@gﬁggépaw@ﬁ & plecedoplpng eﬂ@#‘é?f i s
made tq FIG, 39, which is a sinmplified illustyration of oych screen that
loes | R ChloB: shRGFACE Zath AR, i e AGShEN SPpeepfakedin ok s

por ti on, Ghid 6 X RCLaGY! TR rrddh At EiRG AN HeY 5f PR are positioned in a

similar dense arrangement in portions of the other edges. The light
beams emitted by the LEDs thus form a dense matrix over a sub-area of
the screen.

[00184] Such an arrangement of LEDs and PDs enables accurate
precision detection of touches and gestures in the touch sensitive sub-
area of the screen. As shown in FIGS. 35 and 36, the photodiodes are
preferably positioned close to the touch sensitive sub-area of the screen.
Such an arrangement improves accuracy of pointer touch location

detection, since each touch is close to the PD that senses its location.

Touch Screen System Configuration No. 10

[00185] Reference is made to FIG. 37, which is a simplified illustration of
a touch screen with light beams that are focused diagonally relative to
the screen edges, in accordance with an embodiment of the present
invention.

[00186] Reference is also made to FIG. 38, which is a simplified
illustration of a finger blocking one of the light beams of FIG. 37, in
accordance with an embodiment of the present invention. FIGS. 37 and

38 show that location of a pointer touching the screen can be determined
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enbodi nent o the present invention. FIG 39 also shows that |ight froma
single LED can be sensed by sensors positioned along different screen
edges, bywguodingsthe |ights beans in nultiple directi oRreT/UsS0@083i246uch a
configuration provides nmultiple screen coordinates that can be

di sti ngui shed based on a conbination of PDs that detect blocked Iight.

byt wo 1003 TRGTE JBhs PR RS Bk ¥ os el A EBfalfatBh T o op %fe{ ed
755 o SERLBE TGN 94 e dhepbschscppla oo

t he bl away fromthe area ere t eans | tersect Thus

addi ti qusdr ipbERRe &F ald@ngecan be placed on the screen anywhere along the
path of a beam and away fromthe area where the beans intersect. \Wen only

a single beamis detected as being bl ocked, the user interface may activate
a function corresponding to the additional icon or button associated with

t he sirbbacheSareen SysteneConfiguratppnMet 1k touching it. Touch Screen
System Configuration No. 12(;00189] Ref erence is nade to FIG 40, which is
a sinpl[09187d i Refierersad tnmeAdento dtldh. 38 erhiahi isha simiplifies ilEGteatdomaft i pl e
PDs arranged al ong each of two adjacent screen edges, in accordance with an
enbodi rekeUeR SCReep thatnsasnieht beamsxprmt(eddn mmn-@rtfmenal ght from
each LED on oneed e to each of f&Ple PDs on t e ot her ed n this

config 5@@%”513 0$$ GripOBiImOf Ihe %@Y@ﬁﬁe@‘f R&R: tTh@Clp ¢%N‘§t|?bfa”t he
Do o bRl A bt Preslns RS ERuRes, BB sl LRSS B o
O P ARy R O B S RSyt o
I nvent i ghhed N5 @RfdMg the lights beams in multiple directions.
[00188] Such a configuration provides multiple screen coordinates that
can be distinguished based on a combination of PDs that detect blocked
light. E.g., each point of intersection between two beams is uniquely
identified by two PDs that detect blocked light. Moreover, if only a single
PD detects missing light, it can be inferred that the pointer has been
placed along the blocked light beam away from the area where the beams
intersect. Thus additional buttons or icons can be placed on the screen
anywhere along the path of a beam and away from the area where the
beams intersect. When only a single beam is detected as being blocked,
the user interface may activate a function corresponding to the additional
icon or button associated with the single beam, as it infers that a pointer

is touching it.

Touch Screen System Configuration No. 12

[00189] Reference is made to FIG. 40, which is a simplified illustration of
a touch screen with a single LED and multiple PDs arranged along each of
two adjacent screen edges, in accordance with an embodiment of the

present invention. A lens (not shown) directs light from each LED on one
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one LED emtting light beans to nultiple PDs, a plurality of LEDs
positioned along a portion of a first screen edge emt |ight beans to a

l'i ke pl ursibi20w/2i03PDs al ong a section of a second adj ac@QT/Uscelempi2egige.
Furthernore, a plurality of LEDs positioned along a section of the second
edge emt light beans to a |like plurality of PDs along a section of the
first s f on . - are
|t or 1 S o T bR s Spr i Rerer e i ERESonfidfrtal, RS IEHE Pe
on one g8 ' f e Y ong the
adj acent edSe&é;ﬁlgsﬁeﬁ%ﬁt %Fﬂhégﬁ{@%%gﬁtﬁgréc&eg@.beéaéﬂ\@%,l ilr%ebt ed by
a | ens,g@ndodesehnedeREratdtPoytiRberdetiNdlight PEHMRSS T |GEATION OF &
sub-area of the screen, thereby enabling accurate detection of pointer
touch Imsiatéoosuetichgpainbc igdstectest by alednilsinationSys photédiidegurtaiti on No.
14 [00191] Touch screen configuration no. 14 is particularly useful for
devi cedetiech Hlacked dighéens, including inter alia notebook computers, GPS
navi gators, electronic ganmes and toys, digital photo frames, nonitors, TVs
and e-books, where high inage fidelity and | ow cost are inportant. No

overlay covers the display. The nunber of LEDs and PDs is kept to a mninmm
necessafQuch Sereen System:Configuration Nee 13 quired, such as text and

N AT Bl s el
such eyl ege.fsaihes bl €LGHILY, DS A5 oxoil BNy RLER e Such
extent RS AREBSRRE & it 8F gridfscrBhiedad ¥l oreRERMTS 9 Vg,
expensiyigrafif oP PR dRord's LetlorPbf BHEECH@ ddi¥cent screen edge.

Furthermore, a plurality of LEDs positioned along a section of the second

edge emit light beams to a like plurality of PDs along a section of the first
screen edge. Along the first and second edges, the LEDs and PDs are
interlaced as PD LED PD LED PD LED ... The light beam emitted from an
LED on one edge is directed by one or more lenses to one or more PDs
along the adjacent edge. The plurality of light beams emitted by an LED,
directed by a lens, and received by a PD, thus form a crisscross pattern
over a sub-area of the screen, thereby enabling accurate detection of

pointer touch locations and pointer gestures.

Touch Screen System Configuration No. 14

[00191] Touch screen configuration no. 14 is particularly useful for
devices with large screens, including inter alia notebook computers, GPS
navigators, electronic games and toys, digital photo frames, monitors,
TVs and e-books, where high image fidelity and low cost are important.
No overlay covers the display. The number of LEDs and PDs is kept to a
minimum necessary to detect the user inputs that are required, such as

text and number input.
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[ 00193] Conventional touch screen systens, such as resistive and capacitive
based systens, have several drawbacks. They require additional glass or

pl astic Isgersyiavet the LCD gl ass, which causes a reducPCorusSed10p3UsIr e
gquality. They have undesirable reflections frominternal |ayers of the
screen, reduced contrast ratio, altered colors, reduced view ng angle and

. KLi - | Vi
such: ad0AGH FaP aebFEhIc SRR S ol Blor et piftdie M By “Ehe
appl i catd PE6SS it | 844 zg]:gi(? It overl a of
cggv:antacls%na ’q{)lguch ggragg?\éé g:t\r/\ gouE‘Pgr{%ﬁ ﬁéggﬁof t Cgﬁ %W’c%¥ 0\6195] yisl'he

touch sgé\Aeas yegueresfiaf cFathyPﬁﬁéRlH% bAVeEHAD YdEsipamieal Bueh dé@ees
drawbacks. Touch screen systens of the present invention use a small bezel

around dlbe reigtiteapuserarhrealscalorena wilepvigwielg angle)va $iighednteadt fiel d
across the display surface. The bezel is generally conprised of an

i nf r ar edtio andpahegh byigistriess. FBicta pengudeiy cbepersads bo a®matexteakion di gi t al
photo franes, a bezel is desirable since it resenbles a conventional photo
frame. theoeos] andiqualityeobtreILCD Elsceaind hhilght quakitye pChissare expensigsd on
opposite sides of the screen. A controller pulses the LEDs to create

i nvi si B proyidestha Beskhpidusetdialtfyspl ay surface. Wien a pointer touches
the screen, it _obstructs the H ht field. The bl ocked |ight is detected by
the phd0B193dcefOaVENtigNp! o8 SCreeesYsieaNs heUFlp @s: resistdye @nd

poi nt er R BUE. Purl AV SO Beba e L A bAsSge Sty 450U Gb107] The
and ar SOBFOrB AT of nip ific TESR bt EXERACE IS B BT el R it ity
trace GRRIEHH bPPRGEUPE ltYS FREVMEATe uHMRd A8 reflections from

internal layers of the screen, reduced contrast ratio, altered colors,

reduced viewing angle and increased backlight requirements.

[00194] Moreover, the cost of a device such as a digital photo frame is

dominated primarily by the LCD and by the application processor and its

memory. Resistive and capacitive overlays of conventional touch screens

can double the cost of the device.

[00195] The touch screen systems of the present invention overcome all

of these drawbacks. Touch screen systems of the present invention use a

small bezel around the display screen, as a lens to project an invisible

light field across the display surface. The bezel is generally comprised of

an infrared-transparent plastic. For some devices, such as inter alia

digital photo frames, a bezel is desirable since it resembles a conventional

photo frame.

[00196] Below the bezel, LEDs and photo receptors are arranged on

opposite sides of the screen. A controller pulses the LEDs to create

invisible light fields across the display surface. When a pointer touches

the screen, it obstructs the light field. The blocked light is detected by

the photo receptors, and used to determine the location of the touch.
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screen systens of the present invention can detect nultiple sinultaneous
poi nter touches, can neasure the area of each touch, and track each

poi nt er' swoobiooni@nd vel ocity. [00198] Reference is nmadeCrwsEii®o3ris which
is asinplified illustration of a touch screen systemw th eight LEDs
positioned al ong two adj acent edges of a display area, and ei ght PDs

oSt SORARRISIANE BPACSL T E9RR Ao ISP R Ay 5 BOFREFToe, 1

an enbodi eseént rnvention. nfra-red

LEDs 1 cortoBPShionih sheeg dweeatlaGepinadgesualsa di oplay arca, and

i nfra-red phot osi t1oned ong opposite edges of the

di spl ayjogiea- Faehtdh %ré@?ﬁs?ﬁ'&@n@foftﬂh% FSSB Y indie®Rtiohialeda fast

correspondi ng photo detector at the opposite edge of the display, defines a

det ect isampling. rede} @¢id are lable soadetelbhighrspddd/ nisvardieints aln yher i ent ed.
When an LED is turned on, the correspondi ng photo detector opposite the LED
senses ddreehitghacdum@atetyherddeDcoplex|firgder 05 styleseggsitired. | Tlyhtoutbwever,
the presence of a pointer on the detection |ine blocks the expected |ight,
and i s streeotsybtamshohthegeraseatpoventionotan ldetesp swuléigl¢ isimultargauhe LED
I's not detected by the photo detector. [00199] Horizontal and verti cal

det ect iRRINEERERUEheSr et tngasurg Ehe arerdel pachteuchpiand trackseaste such

i ntersect.ion ,goi nt. A 8i nter 19 may sweep over a portion of the display
area, tRRIBtEr é’f‘PH@naa'g MelPEtYAn arrow 20 indicates a sweep gesture

per O i s PR R Sis MRS S Hha R Fleh ok St AL Baah o5 OEe
el Sy bifel AUEERTRG | ERs hboRERAIE LR askhesecs
0ok S5 075, bR PBraS . AMEPERf PO ibRed Ao Bpffet o 13
edges of the display area, in accordance with an embodiment of the
present invention. Shown in FIG. 41 are infra-red LEDs 1 - 8 positioned
along two adjacent edges of a display area, and infra-red photo detectors
9 - 16 positioned along opposite edges of the display area. Each LED at
one edge of the display area, with a corresponding photo detector at the
opposite edge of the display, defines a detection line. Detection lines are
horizontally or vertically oriented. When an LED is turned on, the
corresponding photo detector opposite the LED senses the light from the
LED. This light is the expected light. However, the presence of a pointer
on the detection line blocks the expected light, and is detected when at
least a portion of the expected light from the LED is not detected by the
photo detector.
[00199] Horizontal and vertical detection lines intersect at intersection
points. Point 18 is one such intersection point. A pointer 19 may sweep
over a portion of the display area, thus creating a gesture. An arrow 20
indicates a sweep gesture performed by pointer 19. The sweep gesture
is detected by photo detectors 13, 14 and 15 sensing an absence of

expected light from corresponding LEDs 1, 2 and 3, due to pointer 19

-46-



then photo detector 14 detects an absence of expected light, and then photo
detector 15 detects an absence of expected light. Simlarly, absence of
expect ed woghto/i2s033ensed serially fromright to | eft wheoTaszomwes121® sweeps
fromright to left. [00200] I n general, a left-to-right sweep is detected
when at | east two detection lines are swept over fromleft to right. A

| el L- t Gpkahtq AYRPRAAG! tA] BDLallSEEWEBIRT S AEeHFOmEAdy SHEl Abdenier alia
a conman o display a previous picturetin a sequence of pictures displ ayed

on a phgt Ryt %”?engéclzl %g?%mﬁﬁ@rﬁ Pl RPHGHER| RN CYE nPéWSQQfSW%%P?' book.

[ 00201] Anarrow 17 indicates a sweep gésture in the opposiie ection to

that offrgpf vt 28 rigarphito detectd 9B Heté@stan Abskesidk-dPekpétetRERL, |
activates a user interface conmmand, such as inter alia a command To display

a next thiest photo tetesestutacdetaictpiatt abeande sifl @ysected ligin)cdred thane, or a
command to display a next page of an e-book. [00202] A left-to-right or

ri ght - tphotef debsetep B ddiectebacaleserary ohexpented light. vBimiladly, det ect i on
lines; i.e., a sweep need not traverse intersection points. Simlarly, an
up or dahgenoseepexprched dightds sensegwseriallpeomt righhdoi lefihwilerdpoaderron
lines. As such, additional gesture support is provided outside the

i nt er sekPiHEPRS Hfgyn rgbt @@gefu nterface can thus display buttons at

i ntersection points an? igg\'ttgate_ vvee\&s outside of the button area. The

i nt er f d08200n" {n@engrel a2 daHafP HighinsWeRBWS Hetsrtead yyhemiat ergkEWen) ect
that slides . along the path of the swe Accqr.di ng an_.enpodi nent of the
br esentdatactin s A ert preB ot ian BTt Aclred i EhERn ep

det ect i gn. ff. [ t. | user

it or t St s s ptemabe el cadeth 351 Bt CPREE SRtREERIC accor di ng
to anotiep | RMGNTELs Yicllre iR § LR REest bRRurédGisplayed on a photo

frame, or a command to display a previous page of an e-book.

[00201] An arrow 17 indicates a sweep gesture in the opposite direction
to that of arrow 20; namely, from right to left. A right-to-left sweep
activates a user interface command, such as inter alia a command to
display a next picture in a sequence of pictures displayed on a photo
frame, or a command to display a next page of an e-book.

[00202] A left-to-right or right-to-left sweep can be detected anywhere
over the vertical detection lines; i.e., a sweep need not traverse
intersection points. Similarly, an up or down sweep can be detected
anywhere over the horizontal detection lines. As such, additional gesture
support is provided outside the intersection points. The user interface
can thus display buttons at intersection points and indicate sweeps
outside of the button area. The interface can indicate a sweep by an
arrow or by a dynamic video object that slides along the path of the
sweep. According to an embodiment of the present invention, the user
interface enables a user to toggle sweep detection on and off. In this
case, a detected sweep activates a user interface command only when

sweep detection is turned on.
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user interface enables a user to select a user interface node froma
plurality of possible nodes. Each user interface node associates a

di f f er entweebi1oof21@ommands with sweep gestures. E. g., a PCTAS20m008124% a
standard view ng node, in which a right-to-left sweep navigates to a next
pi cture or page, and a left-to-right sweep navigates to a previous picture

or page[pgﬁpjecﬁ%?ﬁ@ @#}osago%l‘?&”eﬁ?&? %‘f‘%ﬂeag%s“ewruﬂv%htu% A0 pRel ng

vi ewed rger I'splray, an y a po ion of éture or

page i %é%rsll?ﬂtéyf%@e Jﬁ@bl%'ssé’lu%%‘?cbp%lbtﬁ)% u§erIr BHRE Hﬂacﬁé aVisible
w ndow e pict u

n zoom node, sweep gestures are USE to pan t re or page,

e, t8udssE) é‘i’g@'sfsftﬂéQﬂbd@@”E@ﬂﬁ WertiRBefat UhBder adaifaterf fectively
sliding the Vi si bl e wi ndow over the picture or page. Aright-to-left sweep

may, f afiffexanplset ofatorhhtamdsvitie siWedngestorddieElgf ta first tcge &y aa portion
of the picture or page that was previously outside to the right of the

di spl aystandardefieedng vabyeslin dvinight aeightstdileftvéwdep navighees itgra next
Simlarly, a left-to-right sweep may, for exanple, pan the picture or page
t o t he pictne or padies @ry aaefiotormahbsweaep pavigatesdio payevidiss pictsire
previously outside to the left of the display area, effectively sliding the
vi si bl ©mpagew Asacead arade s aczaqanosieedp WhICh AdPiCEkEEr ®3g%an t he
e e e e e R e P
Sl ol | reRa PRI RAGH o g GISBIEPOTHOBr Pt orredbtd a5 SRmY SR ct ures
or coenc ittt I SURERTRREL 4 Eer G dRREE TR Gl by ol BREGTER ofer 1 ca
detectioqydi Ngs {4 Q8PIAPNirePehEhbrtibAe SHHE P rd I GHPHEYE defiethivefy

sliding the visible window over the picture or page. A right-to-left sweep

may, for example, pan the picture or page to the left, to display a portion

of the picture or page that was previously outside to the right of the

display area, effectively sliding the visible window to the right. Similarly,

a left-to-right sweep may, for example, pan the picture or page to the

right, to display a portion of the picture or page that was previously

outside to the left of the display area, effectively sliding the visible

window to the left. A vertical sweep may, for example, pan the picture or

page upwards or downwards. Diagonal sweeps may also be detected as

combined horizontal and vertical sweeps, to pan the picture or page in a

diagonal direction.

[00204] Reference is now made to FIG. 42, which is a simplified

illustration of a zoom user interface mode for panning pictures or pages

by using sweep gestures, in accordance with an embodiment of the

present invention. When a pointer sweeps over two or more adjacent

vertical detection lines from right to left, the currently displayed picture

or page is panned to the left. When a pointer sweeps over two or more

adjacent vertical detection lines from left to right, the currently displayed
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or page is panned to the left. Wien a pointer sweeps over two or nore

adj acent vertical detection lines fromleft to right, the currently

di spl ayedppDebure1@r page i s panned to the right. When aPpoiust@n/03izeeps over
two or nore adjacent horizontal detection lines fromtop to bottom the
currently displayed picture or page is panned downwards. When a pointer

sveeps SRird UP (B0l GaAflE e ind FigHO it S SETIHEP WS, frampstom to

top, tHe curren plraye Oof page I's panne 205]

Shown g} ﬁ&e 4dfadehthd P&rtdé%@cﬂioﬁtnﬁegwﬁ p tEURLESH IpR of 2

hori zontal and a vertical detection I'ine. Tapping on zoombutton 1

gener at@frrant§edispiyRd pr@upeBrRPEge 5§ Partfed BoWnwbrds. WAGhiag i n and out
of zoom node, or changi nhg the zoomfactor to increase or decrease the

magni f i geihten swiepar 6o+ Bwehommaerd atljadentr h@hiosva edeteesion Bned\framr ow 3
shows a bottomto-top sweep gesture. The sweep gesture can be detected

anywherothoat to tepy éhei @alreatly displaymad pictdet ent pagelis mpesnek apptards. t he
i ntersection points occupied by icons along the right side of the display
area. [[00254] BboavreindFlG. 42dis a zopnG.buttonvhiata peint ef mflerseetion of

il lustration of a nenu user interface node, in_ accordance with an

embodi rROrFoNtAkapHea vertical date@ion tincee TapPiNG@H aeenshofion 4 FIG 43

A G T T R e
are avai l abte. A ta(g on _the up.ar rtﬁw shoma?% trtle 1 OP of sl iqde bar 1 causes
It_he th;%g tPPHYE" A€ e AR AHE NG thE 2R fAL5er tPHNSTERARS Ght %fe?ﬁ?pgghba
) ausdbAdifipa g AR bR, 2O RE R e A PR SEeR YRt Ahe i or

of settd g?\rng[squ\%]a Botldrfietd8bp sl 88h Gkaré GtHd SWecPhEstfte Ean

correspon
be detected anywhere over the vertical and horizontal detection lines,

except for the intersection points occupied by icons along the right side of
the display area.

[00206] Reference is made to FIG. 43, which is a simplified illustration of
a menu user interface mode, in accordance with an embodiment of the
present invention. Three settings are shown in FIG. 43 along the left
side of the screen; namely, brightness, contrast and wired equivalent
privacy (WEP). A slide bar 1 indicates that additional settings are
available. A tap on the up arrow shown at the top of slide bar 1 causes
the three settings to change to other settings, thus navigating through a
list of settings. A tap on the down arrow shown at the bottom of slide bar
1 causes the settings to navigate in the other direction through the list of
settings.

[00207] A slide bar 2 indicates a current value of a corresponding
setting; namely, a brightness setting, a contrast setting and a WEP
character string. By tapping with a pointer on the right or left arrows of
slide bar 2, a user causes the value of a setting to increment or

decrement, respectively. An extended touch on the right of left arrow of
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setting; nanely, a brightness setting, a contrast setting and a VEP
character string. By tapping with a pointer on the right or left arrows of
sl ide barwd20m/12s81 causes the value of a setting to i neCEMSAE10081248
decrenent, respectively. An extended touch on the right of left arrow
of sl ide bar 2 causes the val ue of a setting to increrrent or decrenent

cont | el ap' Ebubhe theURliubor 888G ] IRAOHoRGh dusLafka FLG 4 3

S pos a Cross pol n e ween ersec ron~Iines, naki ng

it possdo?tﬁw&&uél?eu”ﬁhft’hé"‘ﬂbﬁ@ht?é'trb%hée% bei ng touched by a pointer. A tap

on icon generates a user Interface conmand to di splay an al phanuneric

keypad [hozos]npﬁbthr&;ﬁtghtmapﬂenw@% positieIlatRecrsenpointSbaBldEeeho FI G
44, which is a sinplified illustration of a text input user interface node,

I N accdntarveetinig Hetactiom titiest making epdssibrRnto iidestify ahicBbwsobnds
repeated taps, referred to as "nulti-tap” with the displayed keyboard, a

user sdiangstonvhean b lpoirtart yAddapcbarieoh 3 gaassatéabedsar iriteafdung t on. As
such, a full set of characters and nunbers are available for input. | n
addi ti comagnedpadisptay extalphgovinnanc leypadsommpudindeexsaddt o assi st
the user in |nputt| ng words A button 1, shown in FIG 44, is associated
with t HUBBErScters w, x, y, z and the number 9. Each button is positioned

at a cross point between horc\ zontal and ve tlcal dete 't{egﬂ Ilnes th s
maki ng 092 clssR@f%r%ed@ter@ &nhP dH Gu o v BiGhoisHa sfmpdif H'Mﬁ%a [¢1)

cont + o FeropUloust ifterbi-d Biode. inarertdatss, & 8 BRerOadiRiEnt of enbedded
0 SR e B S Tt R R dF LS R - 1@
with the displayed keyboard, a user selects one of a plurality of
characters associated with a button. As such, a full set of characters and
numbers are available for input. In addition, a predictive text algorithm,
such as T9, may be used to assist the user in inputting words. A button
1, shown in FIG. 44, is associated with the characters w, X, y, z and the
number 9. Each button is positioned at a cross point between horizontal
and vertical detection lines, thus making it possible to detect which

button a pointer is touching.

Touch Screen System Configuration No. 15

[00210] Touch screen system configurations nos. 15 - 29 relate to
reflective elements that are embedded in a glass front for a touch screen
system.

[00211] Reference is made to FIG. 45, which is a simplified illustration of
a touch screen system with embedded reflective elements, in accordance
with an embodiment of the present invention. Shown in FIG. 45 is a
glass 600 with reflective elements 601 embedded therein. Light
generated from under glass 600 by a backlight or an organic light

emitting diode (OLED) hits a finger, and generates reflected light rays
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a touch screen systemw th enbedded reflective elenents, in accordance with
an enbodi nent of the present invention. Shown in FIG 4 5 is a glass 600

wi th reflwotzbwer2edsenment s 601 enbedded therein. Light gemeratSeaofosras under
gl ass 600 by a backlight or an organic light emtting diode (OLED) hits a
finger, and generates reflected |Iight rays602, 603, 604 and 605. The

ol 1 eotgllal B3 BRI EHS DI LI ANHT Bl LIRS i Bda Y ugllass 600 to

one or noré photo defectors.” Touc creen rgurat ron 16

[00212]¢|BA{&42N60 1 ﬂwr’lﬁ@weg%éﬂt ﬁog‘ng%g‘yg{jslﬂ mﬁrépﬁcliew;c?éﬂe%ﬁ'oﬁé.' ustration of

anot her touch screen sy W reflec enents, in
accordance with an enbodi nent of the present invention. Shown in FIG 4 6
is a glass 500 with light emtting elements 501 and 502 enbedded therein,

and a phoeuehdsteeenr SyStem Configendtion™NolL a6 500 or situated beneath
gl ass 500. Light emtting elements 501 and 502 are arranged to emt |ight

at dif fle0212] aRgfercnani@bimade detFrIGI A&, iwhiabf ist heimmgligietd difusaratdomtodr over
gl ass 500 based on the light reflected by the pointer. [00213] The fi nger

i n Fl Ganothdarsosigbwscraen systes ghitth embdes dgdseflecive islements; ini ng

el ements 501 and 502 are activated separately in order to determ ne which

| i ght efqordance widhean &mbodpnens dfdhecprrsatzinventian.| ihaweintiEes 501

AT A L R R
DY PO SRS %8 o BBl SDY pl LSS i BRAcL S el ot 0 e
o, 0ot SRR BRBAR, 2BASe LRI Lo ERhbbgR o LRI Sl SELLSB 382 15,0
I ocati g} -gRgeRriLBRAL 1ightYt diffdr@ht angles, enabling determination of the

height of a pointer over glass 500 based on the light reflected by the

pointer.

[00213] The finger in FIG. 46 is shown at two heights above glass 500.

Light emitting elements 501 and 502 are activated separately in order to

determine which light emitter is detected by photo detector 502. Since

light emitters 501 and 502 emit beams at different angles relative to

glass 500, when the finger is farther from glass 500, light from light

emitter 502 is detected by photo detector 503 and light from light

emitter 501 is not detected; and when the finger is placed closer to glass

500, light from light emitter 501 is detected by photo detector 503, and

light from light emitter 502 is not detected. Since light emitters 501 and

502 are activated separately, the location and orientation of a light

emitter determines the location and height of the finger above glass 500.

[00214] In general, the number of light emitters and photo detectors

used in a specific system varies depending on the required functionality,

on the resolution and on cost constraints. For some systems, the light

emitters and photo detectors are strategically placed so as to detect

touch and proximity at designated screen locations used by user interface
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emtter determ nes the |ocation and height of the finger above gl ass 500.
[00214] | n general, the nunber of light emtters and photo detectors used
i n a specwbi2o1ssi3em vari es dependi ng on the required f@agitisonalodt2ys on t he
resol ution and on cost constraints. For sonme systens, the light emtters
and photo detectors are strategically placed so as to detect touch and

oot iE¥nalarfiPSRIRRIER] ACTaRth | AEPENNS. AR RIpHAR TRE gL cons and

gestures pI acenen orl en at | on ters and

phot o ldfTﬁ%‘?&éPsf éntlsp Qe?ﬁcl.‘d?'g |§~°§Jséd‘BﬁrEcl"%Cﬁsé’|’3ﬁﬁt@quc% E@Efg:]h S@[ een

control T er uses the nown [ocations and orientati ons o Ight enmitters

and phaioicties @eler éorﬁl?oﬂéFQ}S'e%t&é RAoWIT RS nBebgBht&tiods Of nger
approaching the screen or of a finger touching the screen. Touch Screen

Syst em|fghtf égiittetrs @mdphotd ddtecidrs fetelcenste tise ocktidn dridhefght vhich is
a sinplified illustration of a touch screen systemw th enbedded photo

r ecei vaa fielgeray srodaniag cbedsareenvot bf anfiaghpdooehingthe lserpersent

i nvention. Shown in FIG 4 7 are a glass 300, photo receiver elenents 301,
a row control line 303 for reading signals froma row of photo receiver

el ements 301, and a control line 304 for readi ng signals fromall such row
cont r ol ToughsSgpeenrhystem ContigwadientNogd are enbedded into gl ass 300,

gt "amiRle' Bererndh Bomade ﬁ(gE:)Ia% PRz ibick E%ai'r'@ﬁ»'f%yq h%ubgsgm@n 60 by
di spl af I ﬁ%gﬁégé?sm SEeer Wil eMaeding sV e A BrRerbar il on No. 18 |
00216

& L ouch? @?ﬁ@éﬁ%f}@ 1B AT b Blbghe st ﬁhﬁbp%%ﬁcﬁﬁgﬁ%néiﬂ%&h e o ©

r ecei vej76l @B 555 FOGCHADEG ReBelV iR EHROSOTE 18l E6GtrBl §ReS03

for reading signals from a row of photo receiver elements 301, and a
control line 304 for reading signals from all such row control lines 303.
Photo receiver elements 301 are embedded into glass 300, and function
to read a picture of a pointer using display light, i.e., light emitted by the
display that is reflected back onto the glass 500 by one or more pointers,
or using ambient light, or using a combination of display light and

ambient light.

Touch Screen System Configuration No. 18

[00216] Reference is made to FIG. 48, which is a simplified illustration of
a touch screen system with embedded light sources and embedded photo
receiver elements, in accordance with an embodiment of the present
invention. Shown in FIG. 48 are a glass 700, photo receiver elements
701, light sources 702, a row control line 703 for controlling a row of
light sources 702 and for reading signals from a row of photo receiver
elements 701, and a control line 704 for controlling all such row control

lines 703 and for reading signals from all such row control lines 703.
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I nvention. Shown in FIG 4 8 are a glass 700, photo receiver elenents 701,
| i ght sources 702, a row control line 703 for controlling a row of |ight
sources M0 2amdi2i@n readi ng signals froma row of phot opPceascmen3eierent s
701, and a control line 704 for controlling all such row control |ines 703
and for reading signals fromall such row control |ines 703. Touch Screen

Systemﬁpte:hglgf:%éﬁrs?ﬂggﬁﬁgrdﬁgﬁéuug %ﬁr'qat_:e_‘_és made to FIG 49, which is

a sinpl ra screen systemw th a picture array
that r hncen | d ' 5l nmg)q n i n
enmbodi ﬁ[’gﬁ?ﬂ)f &%E@%brﬂedsegnmt nﬁn%?ﬁ?? g%&ﬁﬁ!dﬁﬁ% %;s'4 i?%rcgﬁlg agé'{sﬁéf}(gld,EF an

area AR tyLEh sepBeddsarent Watt bvsiceliesTBptsy that réa@ainto iy IiH Bbass 401,

directed Iight 403, a two-dinmensional or three-dinensional picture array

404, argpreadalddationsalinlddaoirdanueceith®n ebhigbtirhentnofable peddeattti ve el ement
in the screen is projected to a corresponding | ocation on picture array

404, t HawvebyioenaBhiown detFG. 40 isfatglass 4Ol | an arkeat 402 efitreembeddédnent
that is being touched, based on the | ocation of the pixel in picture array
404 t haeflbstive elemhentstivat bfeak lightinte dlashd st diredted light 4Q@3een i s
used to detect the location of a pointer touching the screen, the touch
cor r espgRIglimengionakcpedbecewlimensional PigHTe aTar AQ4eapdi dher reflects

a reflective element. | n

i st i ndwoNA TR S08nt LM 6Bl eachardiaciieclenant dn BE a poi nt er
Lo TG RSk L oS R TR 155 T BRAERE SRy SRRAC: o0 Lo
100 v SubrbBl) Al HESEEDn dRRRIAlA T e R RE g
screen.ding {Rh P $asdd'dn' tFffocation of the pixel in picture array 404

that detects the touch.

[00218] When light emitted by the screen is used to detect the location

of a pointer touching the screen, the touch corresponds to an increase in

detected light, since the pointer reflects projected light back onto picture

array 404 via a reflective element. In distinction, when ambient light is

used to detect the location of a pointer touching the screen, the touch

corresponds to a decrease in detected light, as the pointer blocks ambient

light from being protected onto picture array 404 via a reflective

element.

[00219] Alternatively, the image at picture array 404 may be analyzed to

locate contours of a pointer touching the screen. In this case, the image

at picture array 404 corresponds to an image of the screen surface.

[00220] Reference is made to FIG. 50, which is a simplified illustration of

light from a pointer being reflected back into the touch screen of FIG. 49,

in accordance with an embodiment of the present invention. Shown in

FIG. 50 is a display 801, a photo detector 802, an additional light

source 803, embedded reflective elements 804 and a glass front 805 for

the display 801.
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at picture array 404 corresponds to an inmage of the screen surface. [00220]
Reference is made to FIG 50, which is a sinplified illustration of |ight
from a powotzero/taei3mg refl ected back into the touch screenTafS260@31249, in
accordance with an enbodi nent of the present invention. Shown in FIG 50 is
a display 801, a photo detector 802, an additional |ight source 803,

nmbedd fl i : I ] [ |
S5 ST T ST B A R e S R
(L) oA L 3P 1 1R S8 BIGIAR RN bl

(i) digepeenl aghhdideted 5?&%‘ SToNE PYirkimgiup /Y FIG&ks0nbdd e areeen. to
photo detector 802. [00222] Reference is nmade to FIG 51, which is a

si npl i fligtet tHdtuist refldcead Ay i pbinter Gack idits thaysdreieng toghhets edtécton a

poi nter back into the touch screen of FIG 49, in accordance with an

enbodi r@@R. of the present invention. Shown in FIG 5 1 is a backlight 90, a
di splay 91, a photo detector 92, a protection glass 93 and an LCD 94.

Enbeddd@0222di dReperaras isomafate FIGabd, nehickcis o simipdifiedt dlusteation rofct
l'ight reflected by a pointer back into the screen, to photo detector 92.
The badightgfior sofislayibging reflestad duemx adPeinters Packrioke £ba WUCK phot o
det ector 92. &002 3] é?e]‘erence is nade to Fl %C&EZ vvhitc)B?i s asinplified
i 11 ust reeBR & FIGgy A9 uiercerdancs W g eeadiment ebEe NSERPEr back
into a.touch screen, in rdgnce w th .an odi rent_ of, .t he present
| vent iBNEREREn v fn HSY BL150a Hackyahy U S AT5Play 9t gt PRGTR: gh
recei ve Melgl cll s S r active
Cpcen vedeiiof Wl BEOEC HAaSoR AhACH) RO P nelgit S e
P;]?JI 2g:|5§%tb8tiaﬂ 56 B9 Fre! RAISRENREBISHHERRS EhafBftet RYHE Rr g IS al |y
pointer back into the screen, to photo detector 92. The backlight from
display 91 is modulated and synchronized with photo detector 92.
[00223] Reference is made to FIG. 52, which is a simplified illustration of
light under a glass being reflected from a pointer back into a touch
screen, in accordance with an embodiment of the present invention.
Shown in FIG. 52 is a main board 80, a display 81, a light receiver 82,
light beams 83 and a protection glass 84. No reflective elements are
required to be embedded in protection glass 84. Light is projected in an
arc above the screen surface, and a pointer substantially reflects
oncoming light beams in the opposite direction, so as to be detected by
light receiver 82. Light receiver 82 is preferably a pixel array that
detects a plurality of light beams. Analysis of saturated pixels indicates

the location of the touch pointer.

Touch Screen System Configuration No. 20
[00224] Reference is made to FIG. 53, which is a simplified illustration of
a touch screen having detection points with reflective elements embedded

in the screen glass, in accordance with an embodiment of the present
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oncom ng light beans in the opposite direction, so as to be detected by
light receiver 82. Light receiver 8 2 is preferably a pixel array that

det ect s awpl2oreal2iady of |ight beans. Anal ysis of saturat @edTaiSz@®3i2ngli cat es
the | ocation of the touch pointer. Touch Screen System Configuration No. 20
[00224] Reference is made to FIG 53, which is a sinplified illustration of

a touchSeneen MAiALeLeRL oo PohoLs i b allestine RlePphs bedded i n

t he screen gI ass, Th acc ance WI € prese |n\/ent|on

A Screa%'ht ?ﬁ FEG, 53 hedrse Fhetitssa ﬁgﬁﬁf’ogg;aﬁl%dg'na?r%a shown in FI G

53 as e dotSTare s ovvn organi zed 1 n the geonetry o | attice. LEDs

emtti "&cbﬁﬁfe'tﬁy b‘?(ﬂa Rittieear LEPEramitethd iria-rRICor FRGraRfHd-88H IR &&s for
t he touch screen. [00225] The LEDs emt light fromthe edge of the screen

gl ass tugerligh lidit gh@ses s Westsudledchesel nabove with reference to FIG
50. The light is projected upward by the enbedded reflective elenents. A

poi nt er[002X3] ecThet leDs praitdighbfrechithg &dgatofbidnek somraan glasst theouighe
el enent, and the reflective elenment projects the |ight back onto a |ight
sensor ,ther glasse asndesarifecd dregeinabave avithwettnenes bnkIGi %@ Bhedght[ 00226]
Reference is made to FI G 54, which is a sinplified illustration of a |ight
sour ce ipd¥oieehestiupwagdcly rtbe @mhaﬁl«slq%t@fme%wé@ﬂﬁmfemseAwmt@t pr oj ects
| i ght |nto t he, screen gl ass, ccordance with an enbodi ment of

Hake #@e

pr esent S@EREhEHPYa tF’rTPée%tH% Rackontem reféeehye edemsnt hta ams are
goner oo JERINIIE eFORAR SRiEHS ARG T ntd YR A
I T Y B e e e Bt
as 13" 9o REFERIee IMANILE PIREIBAY WhEH isP§ ¥plified illustration of

a light source positioned at a corner of the touch screen of FIG. 53 that

projects light into the screen glass, in accordance with an embodiment of

the present invention. In this embodiment, all of the emitted light beams

are generated from the corner of the touch screen, with small angle

variations between adjacent beams. As the distance between reflective

elements and the light source increases, the angle between light beams

directed at neighboring reflective elements decreases. As such, in large

screens, such as 13" or 42" screens, the angle between light beams

directed at neighboring reflective elements located at the far end of the

screen is very small.

[00227] Preferably, a two-dimensional or three-dimensional picture

array, similar to picture array 404 of FIG. 49, is used here as well. Light

from each reflective element in the screen is projected to a corresponding

location on the picture array, thus enabling determination of the location

of the reflective element being touched based on the location of the pixel

in the picture array that detects the touch.

[00228] In an alternative embodiment, the light source positioned at the

corner of the touch screen is configured to emit successive beams of light
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directed at neighboring reflective elenments |ocated at the far end of the

screen is very small. [00227] Preferably, a two-dinensional or
t hr ee- di nwo20v2llo3pi ct ure array, simlar to picture arr@¢TAGB4010/03UEG 49,
is used here as well. Light fromeach reflective element in the screen is

projected to a corresponding |ocation on the picture array, thus enabling

det er miGal iRl 1 RE JREAIAND e BRI ACLiYEq S0 ehEL et Ouched based

n the location he pi’' xe P ure array t €CtS the touch.

[00228]¢| bl nisPbEREPR Bt 5m0§iir\{gﬁgsimé NAvheANs pRAMEGCr RIS PRGgRE the

corner O screen 1S C ured to emt successive beans

l'i ghti nsaai BHEd lavlighe sEHSBr (ABL%HINEN )| 91 theaiserd@dl deitepnésthect i ve

el enent is generated at any given tine. Wien a pointer reflects the |ight

back onbeatiohi ghthe postter(awtopfedpondihgeot thie locaticeof dhkeginghes the
| ocation of the pointer as corresponding to the location of the single

r ef | ectrieflectivenel@mant aftivehichhiehd light besamissaieeckd. Touch Screen System
Configuration No. 21 [00229] Reference is nade to FIGS. 55 and 56, which
are sinplified illustrations of |ight sources positioned al ong an edge of
the touch screen of FIG 53 that project light into the screen glass, in
accor daFRuch $rreancpystent Gonfiguratipae: 2hvention. Preferably, as

oo dheEbE Bpretded (e #Gd R a6, AR S LRShifther 00
cach cdluEBRs ek S3uBERS as i de BPherE FoserObErEERUCh ST8en 't he
apart, OrEEer ShEndf BRERSE RN Pubhe SR BERR, S RRRER G it g e <
2 tan Ismpodiment of the present invention. Preferably, as shown in FIG. 55,

the touch screen system is arranged so that the light beams emitted by

the light sources do not overlap; i.e., they generate non-overlapping

cones. As such, there is an upper bound on the angle of each cone,

which depends upon the width of the touch screen. E.g., if the light

sources are arranged along the long screen edge spaced a distance d

apart, and if the width of the touch screen is w, then the maximum angle

is 2- tan‘l(%) z% (in radians). As such, if the light sources are spaced 5

mm apart, as in FIG. 56, then for a touch screen width of 30 mm the

maximum angle is approximately 10°, and for a touch screen width of

110 mm the maximum angle is approximately 2.5°.

[00230] Reference is made to FIG. 57, which is a simplified illustration of

a light source that projects light into a screen glass, in accordance with

an embodiment of the present invention. Reference is also made to FIG.

58, which is a simplified illustration of an arrangement of three light

sources of FIG. 57 placed below the screen glass, which project light into

the screen glass, in accordance with an embodiment of the present

invention.
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2 w-w (in radians). As such, if the |light sources are spaced 5 nm apart,
as in FIG 56, then for a touch screen wdth of 30 mMmthe nmaxi mumangle is
appr oxi mewel2g1012103and for a touch screen width of 110 mrCThiS20mes0B12usn angl e
is approximately 2.5. [00230] Reference is made to FIG 57, which is a

sinplified illustration of a light source that projects light into a screen
I o o _ : o . : Rof
s ar s ORI T SHEPRT G B 2 g P RER R wblGer AT S B Py = o enee

arrang offa 58S P.‘% R’ &Gt %I%'sg%is;h%ﬁhaé'seﬁabﬁ{oq’g fHiGkSEE£EN

gl ass, ch project “into the sTreen ass, 1n acc ance W th an
embodi NeRgé wiéc(lj@@%li@?@ﬁ&lnindyﬂbé%l'aﬁ%r[ B8P3, ednayeh BB dn @llipticalsmirror.
reflective wedge, aligned with the |eft edge of a screen glass. The screen

gl ass iThehwdgesebamiesdight beaknesom thaght dorirdeagsoal thescheem) andr, or
curved such as an elliptical mrror. The wedge receives |ight beans froma

| i ght swiflects thedighthbeanTeitp dradscrefdregtass. hAsl styhwnlieaREGL B2, tHee screen
glass. As shown in FIG 57, the bottom of the wedge is configured to break
a cone hottomybf thatwedgpadsamanfigunes! tubheaka cenacrofkaing intivesepafatect ed by
the wedge, is directed through the screen glass substantially parallel wth
t he scrRamsusycthat eagheame oviher gefigicked haf the wedgewidgéireakdd shown) is

pl aced at th osite edge of the s(ﬂeent? direct light beang arriving
t haougﬁ%@P@gnﬁ%giﬁre@hn OehsS §'élﬂ§?§*}t@ dyppf?lé‘?" &l With tr[@)ﬁ B3N REf ge i 3
e 0053 Ko i PoEC o P e EPAA B0 1
sccor A IBoSFE e RpEEiRERe B Fretl At BediE arkivaid thbiahErBEht onea
bel ow tdig9h ARFhtSSERSE oPPikdINGrrhfDs are

[00233] Reference is made to FIG. 59, which is a simplified illustration

showing top and side views of light sources from the arrangement of FIG.
55 with top-emitting LEDs placed below the screen glass, which project
light into the screen, in accordance with an embodiment of the present
invention. A PCB is positioned below the glass screen, and the LEDs are
mounted on the PCB below the glass side and to the side. An optical
element, such as the wedge of FIG. 57, controls the angles of the cones
of light shown travelling through the screen glass. Shown in FIG. 59 are
top and side views of two top-emitting LEDs and a reflector, or optical
element, along an edge of the glass screen, that directs light from the
LEDs through the screen glass.

[00234] The arrangements of FIGS. 57 and 58 may be modified to
project the light cones of FIG. 59, in which case the reflective elements
direct the light onto an expanding cone instead of a parallel swath

through the screen glass.
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mount ed on the PCB bel ow the gl ass side and to the side. An optical

el emrent, such as the wedge of FIG 57, controls the angles of the cones of
| i ght showo 20rozmeedsiti ng t hrough the screen gl ass. Shown iPRTRIS@1089%12a8 € t op
and side views of two top-emtting LEDs and a reflector, or optical

el enment, al ong an edge of the glass screen, that directs light fromthe

LEDs thfgglgﬁ %gp?éﬁrggjgggb@ﬁenfiggﬁ%ﬂoI‘.[I*ﬁoa{z%ngerrents of FIGS. 5 7 and 58

may be nd 0 pr cones 0 |G 59, in which case the

refl ecty |l e | [ : el ' of a
par al | e[lw?vﬁt hmt%ﬁéieu&é t%ﬁtnidgg%nﬂghgg’%ﬁ@hheégﬁeen I;%?;mdég%t?gﬁr ation

No. 22 JHERR] thisfRiesRR VRidee lightHddarces. frofi ehe iatrangemnt 6ERIG.
illustration™showi ng top and side views of |ight sources fromthe

ar r angessnwithfsife Gmitth QILEDss plircermaldrighd & ERe sdreeedgrissngaiidh the screen
gl ass, which project light into the screen glass, in accordance with an

enbodi maject light iprceblea tscreer rglass),. inShogerdandd Gittbal emdadimentdofsi de
views of two side-emtting LEDs and a reflector along an edge of the gl ass
scr een.thahpresentt iny enkon.i ©Hava 16 F G e 66k boavtopeand side viewsaafetwo he LEDs
in FIG 60 are ali %_ned with the screen glass | evel. Touch Screen System
Conf i gurideremitigng 2EQanda refiestasnalondsanwige of the gless saeen. is a
sinplified illustration of light guides that direct |jght to a desired
dest i natinGhepn taegiaks '@cﬁ’eénggf age tb@EQW §6rr?e§]/§%‘5'!tﬁ%eir rthﬁcle%@ﬁé'ﬂce Wi th
an enbaqdi of the present. invention., As ,shown in FIG 61, filanmentary
l'i ght g'%‘g:g%w%@'glr{%ﬁw&}mél%ﬁ‘ané;l@?%ée%? ‘the glass screen to a
desired destination. Touch Screen System Configuration No. 24 [00237]
Reference is nade to FIG 62, which is a sinplified illustration of

Touch Screen System Configuration No. 23

[00236] Reference is made to FIG. 61, which is a simplified illustration of
light guides that direct light to a desired destination in a glass screen of a
touch screen system, in accordance with an embodiment of the present
invention. As shown in FIG. 61, filamentary light guides direct light from

along a side of the glass screen to a desired destination.

Touch Screen System Configuration No. 24

[00237] Reference is made to FIG. 62, which is a simplified illustration of
a touch screen that serves as a light conductor, for guiding light emitted
by an LED, in accordance with an embodiment of the present invention.
FIG. 62 is a side view of a touch screen that acts as a light guide.

[00238] Reference is made to FIG. 63, which is a simplified illustration of
the touch screen of FIG. 62 with microstructures embedded in the glass,
in accordance with an embodiment of the present invention. FIG. 63
shows that microstructures embedded in the bottom of the touch screen
leak portions of light through the top surface of the touch screen. Light
reflected by a pointer touching the screen is led back into the light guide

to a photo detector.
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a touch screen that serves as a |ight conductor, for guiding light emtted
by an LED, in accordance with an enbodi nent of the present invention. FIG
6 2 is awDdelwizeos1of a touch screen that acts as a |i girCTgs2@le/031209238]
Reference is nade to FIG 63, which is a sinplified illustration of the
touch screen of FIG 6 2 with mcrostructures enbedded in the glass, in
accordance with an enbodi nent of the present invention. FIG 6 3 shows that
m crostructures enbedded in the bottom of the touch screen | eak portions of

| i ght tﬂguﬁhsepéehggggyém%ﬂ{ig ng:(Engcﬁq en. Light reflected by a

poi nter touching t creen 1Is into the light guide to a photo

det ect quoFsychREFERGTLSIShRIAE D FIT 84, ABhip: 25 SidPAsRId Mefseratiss drs made

to FIG 64, which is a sinplified illustration of a touch screen that

gui des d t@hith @ceeehhbasydides ligfhttdheett thie Busfaceeof the tacehrsiaees, Wit h an
enbodi nent of the present invention. As shown in FIG 64, light is led in

al ong aqardbhek withren @rnabedirardt ofithe preserithimvamnticate Asf shbwntiouch
screen. Alternatively, a wedge-shaped plate may be used instead of a

par al | FIGI & lghit is. letbucalahg acpasiisl @tacemlater andexit® ovee theo240]
Reference is made to FIG 65, which is a sinplified illustration of a touch
scr een SMIface ohdhe foucysataan.i Adernréivedy eanvedgesshanedmiatemay de

enbodi ment . of the (grr esent i nv?nt [ or?. Smal | fibers are used to collect |ight
from a Y3&phinsteadc@f ampraliedPIane RlIakht to a desired destination. The

fibers may be round or square fibers, and may be arranged as a fan or as a
lattice. Shown in FIG 6 5 are top and side views of fibers arranged as a

| Corofeh, SEREGR SRR MR T MBI 7 PreferobLey T nce @

MRy genghgel ARHAGH RIMUL 8o G E6%, which is a simplified illustration of
a touch screen with fibers integrated into the screen, in accordance with
an embodiment of the present invention. Small fibers are used to collect
light from a light source and guide the light to a desired destination. The
fibers may be round or square fibers, and may be arranged as a fan or as
a lattice. Shown in FIG. 65 are top and side views of fibers arranged as
a lattice. For some screens, the lattice arrangement is preferable, since a
fan arrangement, in combination with the pixel structure of the display,
may generate an undesired Moiré pattern.
[00241] The fibers may be inserted into the touch screen. Alternatively,

the touch screen can be designed to be comprised of fibers.

Touch Screen System Configuration No. 27

[00242] Reference is made to FIGS. 66 - 68, which are simplified
illustrations of a photo detector for the touch screen system of FIG. 53,
which is mounted vertical to a light source, in accordance with an
embodiment of the present invention. The photo detector may be inter
alia a photo diode, a light sensor or a camera. As shown in FIG. 66, a

photo detector is mounted perpendicular to the directions of the light
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[00241] The fibers may be inserted into the touch screen. Alternatively,
the touch screen can be designed to be conprised of fibers. Touch Screen
Syst em Combizguviati3on No. 27 [00242] Reference is nade t ®@CFIUS3N10661248 68,
which are sinplified illustrations of a photo detector for the touch screen
systemof FIG 53, which is nmounted vertical to a |light source, in

accor dafifbtil e SRS o6 LR RERARAT HEMRNes TOAYIO! Sifekect o

my be Tnter a sensor or a own 1 n

FIG 6Gheas ﬁﬂﬁ}r& ﬁ?hﬁﬁl’s%atﬁn{ﬂ)gﬁ‘ézﬁwcﬁgcﬂ’@ﬂ?é@t&”lé‘peh%rénfIQéé %ﬁé{ﬁ'ﬁ% of the

lightemtte I ght sourtc arrangement m ninl zes age. Since

the anmbudit df‘ )1 éﬁﬂ@l’.@d@ tﬂﬂ\% ﬁ’?ﬁﬁ 8otpEE€CHRbLD Betea®raldre | ess than the
anount of light emtted by t t source, photo detectors are preferably

posi ti q:n@deeémvgocbéiaoh@malror@ﬂm %ngéeeslgee@mth@@drée@hanaqtgmes are
preferably arranged al ong the shorter edge. Moreover, each photo detector

pr ef er ddurcesmne peeferably drramged atagie thelslmortef edgikeedikateoetlcebche

el enents. Correspondingly, the angle viewed by the photo detector depends
on the pholg detdctonereteraly dapturas lighdtfsooeaesingle callemspakted a di st ance
d apart along the shorter edge and_ if the Ionger edge is of length x , then
t he mﬁm@d&#@@ ecflecivrl & lb@n@rwﬁot@oer@w@n@mgly,ttarErqngl)e viewyed bydthgs) .

engt h'rﬁﬂéé’f) atRE CReEAm O Wi f%w%rﬁgpéth% S5 %ééx.mﬁ% é%to%%ﬁ“?& A
LOLED RO Tl é‘z? iy e SRABRT R
ﬁﬁvfﬂgwﬁnge?%éﬁé ﬁsééﬁiéb%v& qﬁgb 4@? flagibtl %%ts% SR B TR a over
t he scrdstacsor e e )bb (iprigdtahsNg Bgw ifeche photo detectors are

spaced 5 mm apart, then for a touch screen length of 40 mm the

maximum viewing angle is approximately 7°, and for a touch screen

length of 145 mm the maximum viewing angle is approximately 2°. FIG.

67 shows a touch screen with a simple light guide geometry, and FIG.

68 shows a touch screen with dual layer lighting.

[00243] It is noted that having the light beams travel a longer distance

before being reflected over the screen surface enables projecting a wide,

substantially parallel, light beam across the screen surface. If instead the

light were to travel only a short distance before being projected over the

screen surface, the light beam would be shaped as a cone with a narrow

end at its source. Similarly, it is of advantage to have the wide light

beam traverse a longer distance after it traverses the screen, in order

that the full wide beam converge with minimal leakage onto a single

photo detector.

[00244] Reference is made to FIG. 69, which is a simplified illustration of

reflected light being re-directed by a reflective element embedded in a

touch screen and directed towards a photo detector, in accordance with

an embodiment of the present invention. As shown in FIG. 69, light
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substantially parallel, |ight beam across the screen surface. | f instead
the light were to travel only a short distance before being projected over
t he screawoordreel the |ight beam woul d be shaped as aPCEUS20400B12a8 nar r ow
end at its source. Simlarly, it is of advantage to have the w de |ight
beam traverse a |l onger distance after it traverses the screen, in order

Lhat. | Narldikh o, BeamntenKe i ah bR PhAThl S7keRe PRRYIGELRkegEM™
11 ustrgid of thAk Fe?[]éc%ﬁ}eeglém@@ls %%B@dgédth §€l—e%ﬁ16taar‘ic?fié getedeEhyment

enbedded in a touch screen and directed towards a o detector, In

aCCOfdaé‘F)ﬁo\ﬁbtdbt@@t@rnB@ﬂimﬁ% &dreldpe present invention. As shown in FIG
69, lightreflected froma pointer is guided back into the screen. The |ight

stops gUOMR ORefbeeri@ |eaidde te! RIGNY®, anhivtidisda isimipiifiestiik@trationl dfs
detected by a photo detector bel ow the screen. [00245] Reference is nmade to
FI G 7dighhthat iissreflesitetd| oriticerhultiples areas @f atolclylscredatand direfdtedt ed ont o
mul tiple areas of a touch screen and directed towards a photo detector, in
accor ddwweandst & photendeifiatent inaccordanass aith anvembioshiment shth in FI G
70, light reflected onto nultiple areas on the screen surface by a pointer
i s ref IEseatinvestivaet AsshawhidftBLGnd&dight refleeed-eprtn muditier ected to
a phot o detect (%bgoutsi de of the screen surfac i_ght. reflected by a
I

poi nt erafieas @R (LB EACERRITBCE DHhatRPIgEek 5@&%@5%195 ctiyer at £ ce
20201 100t BCLIREN i PRt LERING FLETER'S, SThsaBiig et ector,
el o SRR e clo RSSO | SEE BTG L1 ot
det ect Qlof|det8d BRK 8 & pRELGTRYELHM |1 ght

[00246] For a lattice spacing of 10 mm between the reflective elements

and the photo detector, approximately 0.6% of the light is detected by

the photo detector, and for a lattice spacing of 15 mm between the

reflective elements and the photo detector, approximately 0.4% of the

light is detected by the photo detector. In general, the amount of light

detected by the photo detector depends on the size of the photo detector

and the optic elements used.

Touch Screen System Configuration No. 28

[00247] Configuration no. 28 relates to a camera chip that is used as a
photo detector of a touch screen. The image of the touch screen
captured by the camera is used to infer the location of a pointer that
touches the touch screen, or approaches the touch screen.

[00248] Reference is made to FIG. 71, which is a simplified diagram of
the touch screen system of FIG. 53 with a camera that functions as a
photo detector, in accordance with an embodiment of the present
invention. To obtain an optimal image on the camera sensor, the camera

is oriented at an angle with respect to an edge of the touch screen, and
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detected by the photo detector depends on the size of the photo detector
and the optic elenents used. Touch Screen System Configuration No. 28

[ 00247] wof2ogumadsiion no. 28 relates to a canera chip tiratr/usgowsed4sas a
photo detector of a touch screen. The image of the touch screen captured by
the canera is used to infer the location of a pointer that touches the

Louch. S§8RBed°to BBRPAGIER. R bOUCNIFETRRRe. [GBRARAITERE Sesd Bemde to

FIG 71, dragra totuch sctreen systemof FIG

53 withia tﬁcFé@H at Yhsichote ﬁgn% e%é}%é%g@ﬁk?ﬁéoédﬁﬂd%iﬁ%%mance W th an

enbodi nent o e present 1nventi arn an i mal 1 nmege on the

caner a &HEtrict RRhCEHE EamSraPlargnt ed at an angle with respect to an edge
of the touch screen, andarranged so as to collect light at a wi de angle.

Gener al[pp2491e snirdradee tof miihenizeuliteslr &egleatit pesfdradle itghhoeaxtttheshoul d
be approximately concentric wth the canmera lens. [00249] | n order to

m ni m z@arhetaradla gogher; of thestouchf scralgne Adteroabivelhetwarmramoae a cor ner of
the touch screen. Alternatively, two or nore canmeras may be used. [00250]
Wen a gauneras maydiessede screen, or approaches near the screen, a

pattern, such as one of the patterns in FIG 71, fromthe reflective
el enentl802¥@ eddéaen @ pRENteEtBEIghES theof@eesd QroaPRECIE RS BEARItPE The | i ght

pattern on the camera sensor provigdes information_regarding the distance
bet weerPG RENc AnBAECARd SHRA %Bﬁﬁeqffjﬁ'[%@@f@ﬂmﬂfé‘ F&ﬁ-?’e?rt#rﬁ’gfr‘ ttP'ﬁns of FIG 7
R R SRR R R L U
cor r espandi ne DR I8Py UeHEa TR Ae AP U8REor BRoB M irBrFafor 1+ @ ! ar ger

regarding the distance between the camera and the pointer.

[00251] The two left portions of FIG. 71 show the touch screen with

reflected light at two different distances from the camera lens. The two

right portions of FIG. 71 show the corresponding patterns on the camera

sensor. As shown in FIG. 71, a larger distance between the camera and

the pointer corresponds to a larger number of sub-patterns on the

camera sensor.

[00252] Reference is made to FIG. 72, which is a simplified illustration of

a camera lens capturing reflected light from the touch screen of FIG. 53,

with the camera 10 mm away from a pointer that is touching the screen,

in accordance with an embodiment of the present invention.

[00253] Reference is also made to FIG. 73, which is an image captured

by the camera of FIG. 72, from three reflective elements spaced 5 mm

apart and located 10 mm from the screen edge, in accordance with an

embodiment of the present invention.

[00254] Reference is made to FIG. 74, which is a simplified illustration of

a camera lens capturing reflected light from the touch screen of FIG. 53,

with the camera 20 mm away from a pointer that is touching the screen,

in accordance with an embodiment of the present invention.
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t he pointer corresponds to a |l arger nunber of sub-patterns on the canera
sensor. [00252] Reference is made to FIG 72, which is a sinplified

i 1l ustratworronfi2ao3canera | ens capturing reflected |ight pCTaseelo®3t2aich
screen of FIG 53, wth the canera 10 mm away froma pointer that is
touching the screen, in accordance with an enbodi nent of the present

capt ur QB RSt araRs by TERdradd 87 FRECZE e an Mk KR eddea
™ apardy g fEHESrEGIYIY TR BEeRIE oIt MARSFRUES ], 21

enbodi nent of the present 1nvention. Reference is nmade to FIG 74,

whi ch igpatdnPloddted 20! meh FRdiOth@kcPe&iIge, liANgccorBbAteWithedh ect ed
light fromthe touch screen of FIG 53, withthe canera 20 mm away from a

poi nt ererhbaldimeritafctia prédenisanagaitiomn accordance with an enbodi nent of
the present invention.[00255] Reference is also made to FIG 75, which is

an i made02sgt uRefelandehs neadky o FIGH B6, Adhidhr isna tsimgdi fieef illerstrattorlofnent s
spaced 5 mm apart and | ocated 20 mm from the screen edge, in accordance

wi th ard eabwghantants oapturingrefleated hghttfrom theteseh wReeenaricEIGs Sdde to
FIG 76, which is a sinplified illustration of a canmera |ens capturing

r ef | ectWithl fhgheamesm 3B @ve s frarena goiptes, thed, isyiquehing thens¢ees0 mm
away froma pointer t atlﬂ'qsrﬂbgﬁchi n% he screen, in accordance with an

enbodi dﬁrﬁ‘?%rd@ﬁ_@ep‘ﬁ’ e &R C{f PTEFRAIMERIGN: al so made to FIG
I, SRR SR e IO RS i S AR oo
202, ol BHEURRRE oYt AR e PP e R S b 2"
apart and located 30 mm from the screen edge, in accordance with an
embodiment of the present invention.
[00258] Reference is made to FIG. 78, which is a simplified illustration of
a camera lens capturing reflected light from the touch screen of FIG. 53,
with the camera 39 mm away from a pointer that is touching the screen,
in accordance with an embodiment of the present invention.
[00259] Reference is also made to FIG. 79, which is an image captured
by the camera of FIG. 78, from three reflective elements spaced 5 mm
apart and located 39 mm from the screen edge, in accordance with an
embodiment of the present invention. By comparing the respective
captured images in FIGS. 73, 75, 77 and 79, it will be appreciated that
the number of sub-patterns in the images corresponds to the distance
between the pointer and the camera lens.
[00260] Reference is made to FIG. 80, which is a simplified diagram of a
side view showing the sub-patterns in the camera sensor generated from
the embedded reflective elements, in accordance with an embodiment of
the present invention. In the configuration of FIGS. 72, 74, 76 and 78,
a light source, along an edge of the display screen that is 1 mm thick, is

20 mm away from the camera lens. For such configuration, five sub-
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a canera lens capturing reflected light fromthe touch screen of FIG 53,
with the canera 39 mm away froma pointer that is touching the screen, in
accor danceownton2ansienbodi nent of the present invention. PCOAR2@N/0R2fEr ence
is also made to FIG 79, which is an imge captured by the camera of FIG
78, fromthree reflective elenents spaced 5 mmapart and | ocated 39 mmfrom

¥ ! . ! : Lo
By combantag T Abe R arEd 1 Syl e SERe0 ey 4 TerEagip. L Ovos. T
wil | b?é’cﬁ@ﬁ‘?%b?f}é‘éb&}rﬂﬁh tiPanY eQﬂreﬁ:‘E _'H?Ht'lérc'éﬁtéﬁ, HA8 tWESHD-
corresponds to the di stance betweeh the Poi nter-and the camera | ens.

[ 00260]pdReérieREPrdspOrRARG D FafRctBA, intliged drSeact sk idfitp’ ebagaam of a

side view showi ng the sub=patterns in the camera sensor generated fromthe

embeddeshib-@fatestn. vahel suipistteris aoespametofdbuses efihigitfesin of the
present invention. | n the configuration of FIGS. 72, 74, 76 and 78, a

| i ght sdiffecent aleptbsaf féelde iad., tthemddEfdrantistamcdshat diffedemm t hi ck, is 20
nm away fromthe camera | ens. For such configuration, five subpatterns are
gener atpasitiansraloognheabsans diireatinm| phortenfoeus distpacesrgeneiatespondi ng
to an image directly in the center, and twy subpatterns corresponding to

r ef | ectfewembgkPraereatirpatirms, amk lereer focus gistances genaiate upopat t er ns
correspond to focuses of light fro d]ifferernt dept hs of field; Iag),lle from
di f f er L MR leR P -PAERMSer é\ﬁtSLfﬁTbi pnges facyadistrnasaat@pretgradiec,

o Rl R0 85T BPA T e I Hhch RS BB RR el o oroe”
ocu. BaBET R ey | SaeT for, 2 systen Lo count the
Referenggadiy MRefetchdd Smdtle to FrGENsT- BF, WHGTSrETIMAGE of light
beams reflected from three different pointer touch locations, in
accordance with an embodiment of the present invention. The three top
portions of FIG. 81 show the actual camera sensor images, and the three
bottom portions of FIG. 81 show the corresponding optics between the
camera lens and the camera sensor. The rightmost portion shows six
sub-patterns in the image on the camera sensor, corresponding to a

pointer touch location that is far from the camera lens.

Touch Screen System Configuration No. 29

[00262] Configuration no. 29 relates to a light sensor that is used as a
photo detector of a touch screen. The advantage of a light sensor over a
camera is a larger sensor area that may be used for light detection. The
LEDs and light sensors may be frequency modulated in order to improve
detection sensitivity.

[00263] Reference is made to FIGS. 88 - 90, which are simplified
illustrations of a simulation of light at multiple points on a touch screen,
at which reflective elements are embedded, in accordance with an

embodiment of the present invention. Shown in FIG. 88 are circular dots
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beans reflected fromthree different pointer touch |ocations, in accordance
with an enbodi nent of the present invention. The three top portions of FIG
8 1 show wbeoscust canera sensor images, and the threePbotuseonopsrzas ons of
FIG 8 1 show the correspondi ng optics between the canera | ens and the
canera sensor. The rightnost portion shows six sub-patterns in the image on

2 , por t . patterns in the inm
from 1D ShaaP R d el T8RP S Rh0 SubRdtes! reiive ST tsy Foozozy
Conf | 9 ATINPTGP R, A R chidrgbisORl EEPaIaCkAaf Bclised 9898, BeL©

detector of a touch sdreen. e advantage o Sensor over a canera

is a | agepePHirierXigAs fBRthERLURR s&Reén aFe bipPRbxHARESTY 9T ke3LEDs and
| i ght sensors may be frequency nodul ated in order to inprove detection

sensitiminhy. [00263] Reference is nade to FIGS. 88 - 90, which are
sinplified illustrations of a sinulation of light at multiple points on a
touch 40026, Refalrercde iehadd to FEGS O andr92eneidteare simplifieddance with
an enbodi nent of the Erese_nt i nvention. Shown in FIG 88 are circular
dot son itlustrediosts etligbh emigped $eomi ag LEDdigiheing epl @dtngarti efdnmdn >as
shown in FIG 89, the circular dots have a relative fill factor of 20% and
the pi ¥eM@E, fondhentud sereen of d GcB8erin AEOsEIBNER WAy 3 Mm x 3 mMm
[ 00264] Reference is made to FIGS. 9 1 and 92, which are sipplified
i || ust r%ﬁ%&%ﬁﬁntl ‘?f;!dﬂe PREEERE TS HH QM TEE@ ﬂi'%tﬁf‘icﬁd%ﬁﬁ(\’%e‘ﬂitﬁgéf@@flﬁ 4 mm
x 4 mm_for the touch,screen of ELG 88, in accordance wth. an enbodi nent
ot 't ho thiesarsa ochiBRY BY Prnetie &g, elemeisds Frssripalil L idmifo
occupi g . flget | Iy | . roxi mately
Soe o ARG G D e PR B PR bR ORE

fingertip. The darker lines in FIG. 91 represent light that escapes from

the glass, and the lighter lines represent light inside the glass. FIG. 91

shows light escaping from the glass surface at a dot location that is 10

mm away from the LED, indicated by a white diamond.

[00265] FIG. 92 shows only those light beams that reach the dot

location. The small box shown at the upper right corner of FIG. 92

represents a camera that captures the reflected light.

[00266] Reference is made to FIGS. 93 - 95, which are images of test

results captured by a camera for the touch screen of FIG. 88, in

accordance with an embodiment of the present invention. The tests used

a large screen display of dimensions 30 mm x 40 mm and 1 mm

thickness. The tests used simple light guides, of 5 mm thickness. The

tests are based on a camera lens with focal length f = 1.4 mm and a

diameter of 0.7 mm. The tests were simulated from three points on the

touch screen at different distances from the camera lens.

[00267] The images shown in FIGS. 93 - 95 were captured using a

mobile phone camera. FIG. 93 shows an ambient state, where no

pointer is touching the screen, and FIG. 94 shows a state where a

pointer is touching the screen. FIG. 95 shows the results when the
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fingertip. The darker lines in FIG 9 1 represent |ight that escapes from
the glass, and the lighter lines represent light inside the glass. FIG 9 1
shows | i gD 2en¢i2pi3mg from the gl ass surface at a dot | oeamiuseomwhat24§s 10 mm
away fromthe LED, indicated by a white dianond. [00265] FIG 9 2 shows
only those |ight beanms that reach the dot location. The small box shown at

ror 1 ecngipds BTGy B SR bt rd PR B P ERTR, DA Bh R ¢ 5 o
émages cﬂ?fe?@ﬁ&er@%%biid E'?%ﬂbae%é%r%fc ra for the touch screen of FIG

, In accordance wt ment he present invention. The tests

used a [pgzEs3 S‘Fh%etﬂllsﬂéﬁ@é@!' the ﬁblméﬁ*fﬁﬂﬁ & Baher#0iend @i bemm t hi ckness.
The tests used sinple light guides, of 5 nmthickness. The tests are based

on a cafeteaniines ﬁmtﬁntheqmmlmgiﬁsubﬂpaktérmmmde@aqbtan@d:lemalje_sﬂaﬁdmﬂ The
tests were sinmulated fromthree points on the touch screen at different

di st andieilf positidres.cdiner positions DO BubFpatieragedetarovine thad-diB&ctiod - 95
were captured using a nobile phone canera. FIG 93 shows an anbient state,
wher e rfeopowdiieh the lighichrrgeshe screen, and FIG 94 shows a state where a
pointer is touching the screen. FIG 95 shows the results when thei mage of
FIG 93 is subtracted fromthe image of FIG 94, and the difference is

scal ed 8 ¥|n§ factor of 10. [0Q0268] The di stacgce of the pointer fromthe
camer a 1 @HShpagreendjaystem Lon SM OANGe3Q¢ sub-patterns in the

ot o mil e BerBaHraRonstiv o Drache § aAEe &P yaultitoRnt&istben Syet em
onf | 9 ALLAN oy s%%a[rgpé?@Jer?ﬂéé@%{aaém%ﬁgHPandSPO Bedt gkl ate to a

mul ti-|1
[00270] To minimize leakage, two or more layers of screen surface are

employed, in order to separate layers used to emit light from layers used
to detect light. Preferably a facetted or curved grating is used to direct
the light across the plane of the touch screen. The reflector for the touch
screen may be shaped as a cylinder, or otherwise shaped.

[00271] Reference is made to FIG. 96, which is a simplified diagram of a
dual layer touch screen where the bottom layer transmits light emitted
from an LED and the top layer transmits reflected light, in accordance
with an embodiment of the present invention. To reduce space along the
sides of the touch screen, it is preferable to focus the light beams
narrowly, to direct the light beams along different layers of the touch
screen, and to avoid a cluster of light sources in a single group. Instead,
the light sources should be distributed.

[00272] Reference is made to FIG. 97, which is a simplified diagram of a
multi-layer touch screen with filamentary light guides, in accordance with
an embodiment of the present invention. FIG. 97 shows light cut
through filamentary light guides, arranged in multiple layers, to reduce
space. The touch screen of FIG. 97 is assembled in several stages, with

filamentary light guides running both horizontally and vertically, in order
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screen, with separate layers used to emt light and to detect |ight.
[00270] To mnim ze | eakage, two or nore | ayers of screen surface are

enpl oyed,worowiden31t o separate | ayers used to enmt |ightrcrruspobayess used
to detect light. Preferably a facetted or curved grating is used to direct
the light across the plane of the touch screen. The reflector for the touch

scr een Ry Ry RERSE: 3R ApGYbigl nuiihof BRI S elinaedo fAGPELL Eef er ence

is made t0 Simp I ed di agram ayer "t ouch

SCreen Wagr Ge tHiEa M d ‘E?‘lth%y%d—e}eiﬁ*gﬁf??&ér td QEHHE@ @ froman LED and the

top layer ‘transmts reflecte I n accordance wth an enbodi nent of

the prqegms)i NBgNEMAEting ShESIBNCHERATELa B dMErdMetiMEE I HY sigialiteuch screen,
it is preferable to focus the Iight beans narrowmy, to diréct the |ight

beams ai¢iBg réitid B eitrehsg @ andf tHehdetattidn sceeacy adndde anord preeldest er of
| ight sources in a single group. Instead, the |ight sources should be

di stri By edguldr sam pehgrtbecdarks amdéenbliGhGsi@Tal, watebtion sersitipltyf i ed
diagramof a nmulti-layer touch screen with filamentary |ight guides, in
accor ddacnhancedin Spdniticatbnt the signalpieeseise ratierisiioareadad b97 shows i ght
cut through filamentary |ight guides, arranged in nmultiple layers, to
reduce actingdheodark seimdianbiight signaly/frosn dbeca@ivl Signalever al st ages,
with filanmentary |jght guides running both horjzontally and vertically, in
or der t PT&e dﬁ'ﬂ@ %Mb'g'ﬁﬁF'Qﬂr isdfRPisingREeG{n |th§rﬁn§@@n%on"@we§tea bers
may be attached to ,the.screen in order to_reduce .space..[.00273] By emtting
The 1 it it domear SIS pindachion S iRgdes st aidifalddthalcr csed
and the ' 1 ' nore precise. By regularly sanpling the
dar kK, a%%?éeﬁlw f%q@?é%"ﬁé%r’egg@gcﬁbn sensitivity is enhanced.
Speci fi , | onals hsdel to@ i\,ShiMncie N | t he
dark, a[ggﬁéﬂt Hég%'tsé Si glnsafﬁ)?c;%'rtﬁd‘?: hlfaé'a%ﬁ’vvzhfsc%ﬁgi:?a?.%%pw'ewmégq%}ﬁ o

light beams guided through different layers of a multi-layer touch screen,

in accordance with an embodiment of the present invention. In order to

prevent stray light from being incident, and to prevent reflected light

from being transmitted in a wrong direction, the light beams are guided

through different layers of the touch screen.

Touch Screen System Configuration No. 31

[00275] Reference is made to FIG. 99, which is a simplified diagram of a
multi-layer touch screen with embedded reflective elements oriented in
different directions, in accordance with an embodiment of the present
invention. As shown in FIG. 99, incident and reflected light is stopped at
reflective elements embedded in the touch screen and oriented in
different directions. Use of embedded reflective elements in two different
directions serves to minimize leakage between light emitters and light
detectors, prevents stray light from being incident, and prevents reflected

light from being transmitted in a wrong direction.
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Preferably, this subtraction is inplenmented in the anal og domain instead of
the digital donmain, since subtraction of images in the digital domain
gener al | ywoegqu/nes1hi gh resol ution. [00274] Reference i $CRABROMO3IEUE. 98,
which is a sinplified diagramof |ight beans gui ded through different

| ayers of a nulti-layer touch screen, in accordance wth an enbodi nent of

h ' ' . l'i ght f bei
i nci dont SUSH SEESRhSustem HARig AN Wb 322 ) P aneritted i1 a wrong
 nci dent ) “dd TO dn eing tra i
Ser con Pl BN RMAS L AXSCHOT WAL PO R PR mde

to FI Ga QQucN‘@cﬁéehSNi;%hs\Mﬁé iibh?%éﬂrﬁgrc@)me?fngatﬁé”sﬂeéﬁyﬁf at@éalﬁdl‘arff@é een
wi th enbedded reflective elenents oriented in different directions, in

accor damith aw tdmbodinendiofethie predditt ipvesrion. Morith sereefsspstensi n FI G
99, incident and reflected light is stopped at reflective el enents enbedded

i n the usinghwila beanadrerdesdridred m dpplicant’s pliovesibhahpateat of enbedded
reflective elements in two different directions serves to mnimze | eakage
bet weerappligatiani Yi®er Applidatipghberdat blo. & %/,3 Ipf,@bénfikedsonaarchy4,f r om bei ng
incident, and prevents reflected light frombeing transmtted in a wong

di r ect | A G GheBbi@shOBIICHR EOMGIGGREEN WO THOWIRDBEAMRef er ence | 8

made tq_ FI G_ 100 ich is sinmplifjed diagramof a touch screen with w de
ant | cEaAsHOdERS AN RECEIKERS, theceruanics Oh whiGhaERASIERsnt of | he
present. i nventio Tougch screen systens using w de beans are described in

appl i cdHFo'ép?)rracWB.sl?%ﬁﬁ S58Ent application, U S. Application Serial No.
woe e el ik Re ARadN £ R 00 R R r oty
widely apart. Generally, the LEDs are not activated simultaneously.
Instead, they are activated one after another, and the coverage areas of
their light beams are substantially connected.
[00278] FIG. 100 shows a top view and a side view of a touch system
having a touch screen or touch surface 1000. The touch system provides
touch-sensitive functionality to a surface irrespective of whether or not
the surface includes a display screen. Moreover, a physical surface is not
required; the light beams may be projected though the air, and the
location of a pointer in mid-air that breaks the light beams may be
detected.
[00279] Also shown in FIG. 100 are LEDs 1002, reflectors 1004 and
1005, and PDs 1007. LEDs 1002 and PDs 1007 are positioned beneath
screen 1000. LEDs 1002 project arcs 1003 of light under screen 1000
onto reflectors 1004. The distance between LEDs 1002 and reflectors
1004 is sufficient for an arc to spread into a wide beam at a reflector
1004. In various embodiments of the present invention, the distance
between LEDs 1002 and reflectors 1004 may be approximately 4 mm,

10 mm, 20 mm or greater, depending on factors including inter alia
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I ncorporated by reference. [00277] The LEDs and PDs shown in FIG 100 are
spaced relatively widely apart. Generally, the LEDs are not activated

si mul t anew02b1/120033t ead, they are activated one after amorhiseqlomsctsg he
coverage areas of their light beans are substantially connected. [00278]
FIG 100 shows a top view and a side view of a touch system having a touch

screen O ebAUae SHEARFE 1N AEILABED LBIS LRSI AR SRSRensT (T Ve

functi on ace I'Trespectrveé er  or surf ace

i ncl udeg F%bc‘E'bls%éYa rR{ks. Moreover, a physical surface is not required,
the |ight beans nmay be projected though the air, and the location of a

poi nt er[OOZBGP dRrafflecthid 100 kBrddiehd Eil@lﬁt Bgaﬁﬁjé@éaﬁﬁs 4L tRGFosE @P279]
Al so shown in FIG 100 are LEDs 1002, teflectors 1004 and 1005, and PDs

1007. Lsﬁlihtht@ﬂ%ceé@wBla_s-feiém7Aav\@d@mamgrmoouemHEsﬁcé@@aot@(mosEDs 1002
project arcs 1003 of |ight under screen 1000 onto reflectors 1004. The

di st anoghluit (i eedit€ot theOkglanhbenef Ibatdwr screE@@d100Gudhd diiigmtariow e arc to
spread into a wide beamat a reflector 1004. | n various enbodi nents of the
pr esentWidﬁ/bﬁah@ﬂ,Othnm araacld)aét wasrsudips node kaamr 00k conyerges nay
be approximtely 4 20 mm or greater, depending on factors

i ncl udiiREe |theesur£a¢@§<frq;zﬁ10§|Piés 1007 ihelaw Bir Buriass) of s@rreerLE@OO
characteri stl cs, and o tical reflector characteristics. Ref |l ectors
1004 dilPRE&11t hdhei e %‘ér%'% a?é 1891 e @gé/a@téﬁﬁt'ﬁ sfg{ee%d%urface.
A w de b 1001 reaches reflectors ) irect the |ight
beam bélgﬁﬁ%@mcqv%?h St SOReTy SHIToRE: SPOEEibE BRPDHEE TIHT ar cs 1006,
As suc e urf n f 1007
bl ow t eﬁémgjgg‘égﬁnia@% FIQAVRES 3n' tHe sbfers VA RfifioRG 19N th8  cdde%r

materials for the touch screen is reduced, since relatively few LEDs and

PD components are needed.

Touch Screen System Configuration No. 33

[00282] Reference is made to FIG. 101, which is a simplified diagram of
a portion of a wide-beam touch screen, in accordance with an
embodiment of the present invention. A feather pattern 10 is shown
applied to the surface of a lens associated with a photo detector 11.
Feather pattern 10 may also be applied to the surface of a lens
associated with a light source.

[00283] When applied to the lens of photo detector 11, feather pattern
10 is operative to transmit light to photo detector 11 from different
angles, instead of from a uniform angle. When applied to the lens of a
light source, feather pattern 10 is operative to transmit light emitted at
different angles from the light source, in a uniform direction over the
screen. A light arc 12 indicates light output through feather pattern 10
that is directed to photo detector 11.

[00284] Reference is made to FIG. 102, which is a top view of a

simplified diagram of lenses with applied feather patterns 21 and light
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[ 00281] The configuration of FIG 100 is of advantage in that the w de

| i ght beans cover the entire screen surface, thereby enabling touch

sensi ti vewbunorizonsal i ty anywhere on the screen. Additi omrariusomwhei2epst of
materials for the touch screen is reduced, since relatively few LEDs and PD
conponents are needed. Touch Screen System Configuration No. 33 [00282]
Refere i I i ¥ i {:E1 i portion
Ref erengeads 3844 95! § adfdradhichiti? of SiBRldifd et of A% Bp-gkng

béam touch Screeéen, i n accor dance an e t he

PresentinlBKEIdH. OFheft iﬁgbgﬁh@%% LW u'ﬁF P%?EHEéﬁHgil%n%@l%&”ace of

i
a lens associated wt oto detector eat her patt 0O may al so be

appl I epArallehHestné iR1 ekitihd $&%s 205 88! e AMal IRl HAds! FOH Gildr00283]
When applied to the |l ens of photo detector 11, feather pattern 10 is

oper at imanner] winsriat fdathler part@hed |eled fcirmyertdd fhedordisf ighesbuadg) es,
instead of froma uniformangle. Wien applied to the lens of a |ight

sour ce,ndregidratiepighébeaifisi 22 grdeatthedens amarexiti aslpayiat|eé inebnes 20.
different angles fromthe light source, in a uniformdirection over the
screen. A light arc 12 indicates |light output through feather pattern 10
that is directed to photo detector 11. [00284Ei Reference is made to FIG
102, wHP8BSls Aheopresesi ipveatioinppshredddapplieation toeplestrani€ Kleyees ed

f eat her tterns 21 and |ightbeans 20 and 22, .in accordance with an

enbodi ¥ ﬁt@w%éem'&'é/@nw mt'i‘%'h'.d'ﬁgém?@?ﬁ'z%eﬁﬂﬁ"%ﬂlz@ IR IGHG 102

ont e i LERS, 23R AR Sl AR S e i, S AR L
0o 01 © kb, P AREERE S SEL s, b RS e T,
to el ectieefichidg4niES and toys, digital photo frames, digital musical

instruments, e-book readers, TVs and GPS navigators.

[00286] 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, the specification and drawings are to be regarded in

an illustrative rather than a restrictive sense.
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Wi th touch sensitive screens, including small-size, md-size and | arge-size
screens. Such devices include inter alia conputers, hone entertai nnent

syst ens, wanromRestai nment systens, security systens, PPAT/USec@blo3ph®nes,

el ectroni c ganes and toys, digital photo frames, digital nusical

i nstrunents, e-book readers, TVs and GPS navigators. [00286] | n the
foregoi@QAﬁ@gci fication, the invention has been described wth reference to
speci fiT exenpl ary enbodi nents thereof. I t will, however, be evident that

vari OUS’VV'F%@iigic‘Fﬁitrﬁé’Hgs?”d changes may be nmade to the specific exenplary
enbodi ments w thout departing fromthe broader spirit and scope of the

invention as set forth in the appended clains. Accordingly, the
specification and drawings are to be regarded in an illustrative rather

than a 1estri ch tuciepstadd-8y derihaomprisirgj:ned is: 1. A touch screen
system conprising : a near-infrared transparent screen conprising a

plurality of rafheat-ineasdd e spamdntdirdenhasmiprisiag @ ptunality adr d
conprising circuitry for controlled selective activation of electronic
conpondgefiectivenelareanthensheddad thessin;one |i ght source connected to said
circuit board, for emtting light; and at |east one |ight detector
connected to sai@reVit bgarduein@rising iUl ey corjmelledisalectivg said at
| east one |i ?ht &ﬁéce and refl ected bg sai cheerct ive elements. 2. The
t ouch ﬁqtéé?ht%@/ _ Glfro@l'%lcﬁmp(?r&‘?"t"??e? '_86%‘?@ fheretor | east one opti cal
el ement Tor SuLghogel LARYGHE L4 SRRl rd SBR R bhka ST co tover ds
emitting light; and
at least one light detector connected to said circuit board, for
detecting light emitted by said at least one light source and reflected by

said reflective elements.

2. The touch screen system of claim 1 further comprising at least
one optical element for guiding light emitted by said at least one light

source towards said reflective elements.

3. The touch screen system of claim 2 wherein said plurality of

optical elements comprises fibers.

4, The touch screen system of claim 2 wherein said plurality of

optical elements comprises elliptical mirrors.

5. The touch screen system of claim 2 wherein said plurality of

optical elements comprise filament light guides.

6. The touch screen system of claim 2 wherein said plurality of

optical elements comprises wedge-shaped plates.
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3 . The touch screen systemof claim2 wherein said plurality of optical
el ements conprises fibers. 4 . The touch screen systemof claim2 wherein
sai d pl urabi2ow/i2io3epti cal el enents conprises elliptical PeITUSENS/03R248 The
touch screen systemof claim2 wherein said plurality of optical elenents
conprise filanment light guides. 6 . The touch screen systemof claim?2

wher el iy sai d_piryeald for o0t boalerd RIS SQURELSASARIYETSAPEE pl ates. 7

The t'ouch screen sys erein sard plurality of” opti cal

el emm&pt@%lbﬁ?er?ﬁsg%‘nfﬁiﬁt Eﬁac th@E%s@ﬁbﬁbH%artacﬂe?%'stvalaaﬁéé'lf—r ared

transparent screen. screen systemof claim erein said at

| east qRErdredtrafiebasdff s€sBr.i ses at | east one canmera. 9 . The touch
screen systemof claiml wherein said at | east one |ight detector conprises

at | east one photo detector. 10. The touch screen systemof claim1l wherein
said at |east one light source is placed underneath said near-infrared
transpa@ent scibentouch sditeer systeraafecairnyttwehendincéaidnatlledstranan sai d at
| east one |ight detector is placed underneath said near-infrared

t r anspdighit detacten comprisas atdeaht smecemmeyat em of claim 1 wherein said
near-infrared transparent screen conprises at |east two |ayers, wherein
said at | east one light source emts light in a first |layer and said at

| east ope light detector detects light transmtted in a second |ayer. 13. A
t ouch SQT een s?@@e‘?ﬂ@wﬁ?ﬁeﬁméyﬁe&“o@éﬁﬁw LovRereinssidra f@cas&%

conpri si ircuitry for. controlled selgective, activation of electronic
corrponjlﬂr}g: @%ﬁ@g{gﬁ@ﬂggg@& I8ast one pﬁoEo déetector.
10. The touch screen system of claim 1 wherein said at least one

light source is placed underneath said near-infrared transparent screen.

11. The touch screen system of claim 1 wherein said at least one

light detector is placed underneath said near-infrared transparent screen.

12, The touch screen system of claim 1 wherein said near-infrared
transparent screen comprises at least two layers, wherein said at least
one light source emits light in a first layer and said at least one light

detector detects light transmitted in a second layer.

13. A touch screen system comprising:

a display screen;

a circuit board comprising circuitry for controlled selective
activation of electronic components connected thereto;

a plurality of near-infrared LEDs connected to said circuit board,
for emitting light;

a first plurality of photo diodes connected to said circuit board,

for detecting received light along a first edge of said display screen; and
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a plurality of near-infrared LEDs connected to said circuit board, for
emtting light; a first plurality of photo diodes connected to said circuit
board, fowodetoeetisang received light along a first edge eCTam2adodseps ay
screen; anda second plurality of photo di odes connected to said circuit
board, for detecting received |ight along a second edge of said display

screen. wher o! & aaidh bl QARISHE BRI B9RhEfPRO B Gykoup! ocked

light fromsaid near-1nfrare ed at sal i rst ity of

phot o diggles Bp 8BRS PO/ 1Bnceh ! e Lightoff 2|

near - i gc?rar éﬁL%lﬁe?eggt cEéeC?agasg{ﬁ <—gsg(r:%;n% %%E)r g‘l (léatjggoc% %ﬂg]tcgggl%oydes. 14.
The toughespreen systemof claim 13 wherein said circuitry calculates a
position of a pointer that touches said display screen, based on the

si gnal swhereihhsaildl ciete@idry gehlerath sighais gaspensive tdelsekdctighd frommht
signals. 15. The touch screen systemof claim 13 further conprising at

| east @doparcaifrereimb&DS detantiedi atgsaidgfitstepliurabty by pwtd dieaesi anidar ed
Nl Rs over said touch screen. 16. The touch screen system of claim 13

wher ei reigaats respongive doereflaebeddighteirben dadd wiadrimfeaiied] HEDSI dgtesteden.
17. The touch screen system of claim 13 wherein said display screen
conpr i sssaidpserand puislity 3 RReta diedesent s enbedded therein, which
reflect light emtted by said near-infrared LEDs. 18. The touch screen
system of claim 13 wherein said first plurality of photo diodes are

mbedd i thi i d displ : _. The,t h en . f clai
T3 wherbfn sai ANEIEBH SHEEN SV et adebeleE SRELEREREYt ni n sai d
di spl Dcaléhatls %Opoéitfo%'gP a%&ﬁ‘ﬁ@r%ﬁ %BLchRIRAd 'd?gpléy screen, based
on the signals for the blocked light and the signals for the reflected light

signals.

15. The touch screen system of claim 13 further comprising at least
one optical element for guiding light emitted by said near-infrared NIRs

over said touch screen.

16. The touch screen system of claim 13 wherein said near-infrared

LEDs are embedded within said display screen.

17. The touch screen system of claim 13 wherein said display screen
comprises a plurality of reflective elements embedded therein, which

reflect light emitted by said near-infrared LEDs.

18. The touch screen system of claim 13 wherein said first plurality

of photo diodes are embedded within said display screen.

19. The touch screen system of claim 13 wherein said second

plurality of photo diodes are embedded within said display screen.
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a display screen for displaying a plurality of buttons at designated

hori zontal and vertical screen coordinates thereon; a plurality of photo
di odes cowpl2et/miasm sai d di splay screen, for detecting PetaiSe@d/oBizght ; and
a plurality of lenses coupled with said display screen, wherein the

desi gnated horizontal and vertical screen coordi nates span a touch

sensi tii(ﬁ_ sub- ﬁrfo%cfl"f sélaé'ech gygﬁd@{g@ﬁgﬁ?@werei n sai d photo di odes and

| enses ‘are positioned So as *h of said display screen at the

touch sensiti vga?igpgarasy ggre@,pgo%gﬁézir{d]go@gyghmgr b@fttér?é didi splay screen

i's non-function etecting s n-co I nates of a touch thereof. 21.

The tpltfé"si?ﬁéﬁ@d‘ HFgtaPhnd feFiicd] MreEnl dbdriifnaisCh&RIdH;t | ve sub-area
conprises Tess than 25% of the area of said display screen. 22. The touch

screen system afplelrality 80 phiveoediodebecdupletl withssdidvdispley stesers,ofar i ses

| ess than 10% of the area of said display screen. 23. The touch screen
syst em adtectimgmrateiwbdright; tdred t ouch sensitive sub-area is situated in a
corner of said display screen. 24. The touch screen system of claim 20
wher ei n sai d t auplrakiysof lerseuiboupkad mdtls saiddisf¥dyscreen; si des by
portions of the remainder of said display screen. 25. The touch screen
syst emWheein e designaled Barigoatalpang vertisahsereaie capedingtes spagr aj n

| engt h. 26. The touch screen system of claim?20 wherein sajid, disp gﬁ screen

is at |%OKh Sensifine Féhtgxa{eazqf.y saidedisply SeEe@Rn IR EHINSEId PhRthAIBUGRRer ei n
sai d di bl ool 80 1ol sast 1400 A0 8WPHDucRr SIS digh) sissnapystem
the touch sensitive sub-area, and wherein the remainder of said display

screen is non-functional for detecting screen coordinates of a touch

thereof.

21. The touch screen system of claim 20 wherein the touch sensitive

sub-area comprises less than 25% of the area of said display screen.

22. The touch screen system of claim 20 wherein the touch sensitive

sub-area comprises less than 10% of the area of said display screen.

23. The touch screen system of claim 20 wherein the touch sensitive

sub-area is situated in a corner of said display screen.
24, The touch screen system of claim 20 wherein said touch
sensitive sub-area is surrounded on four sides by portions of the

remainder of said display screen.

25. The touch screen system of claim 20 wherein said display screen

is between 6” and 9” in length.
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are spaced approximately 10 mm apart. 29. The touch screen systemof claim
20 wherein a first coordinate of a touch location is determ ned based on

| i ght detwotet/fayo3at | east one of said photo di odes, an@#Ca/useio/s248
coordinate of the touch location is determ ned by correlating the detected
light wth an activation of at |east one of said |ight sources. 30. A touch

screen stem [ 4 ; L e LS] PG itive
sub-aré%§'a p|Iﬁ%ﬁ?ﬁ%ﬁtgaﬁﬁ%féggﬁﬁﬁgér@§ﬁ§|ggq&ﬁgﬁé§2?5“§9§%#§€fﬁfgéﬁn, for
det ect i; rese #f@ﬂkjha”d a plurality of lenses coupled with said
displaﬁgggrgggF%ﬁﬁgreln gafd phot o di odes and said | enses are positioned so
as to detect the position of a touch of said display screen within said
touch sensitive sub-area, and wherein the remai nder of said display screen

i's non 2Pncti oMak tfoalchdetiedn Bygstara dfociaimoR0oi hartipusaid disptey scBden The
touch screen system of claim 30 wherein the touch sensitive sub-area

conpr i desatl least WENn2ledigih. t he area of said display screen.32. The touch
screen system of claim30 wherein the touch sensitive sub-area conprises

| ess than 10% of the area of said display screen. 33. The touch screen
system of claim 30 wherein the touch sensitive sub-area is situated in a
corner - sai dThestoIugh seragshsysemafeclabncR0swhesainsgaidepheto eiedes 30
wherein said touch sensitive sub-area i s surrounded on four sides by

porti O,@*e&p@@%ﬁ@mpm‘@@t@yg iMMiaddhy screen. 35. The touch screen
system of claim 30 wherein said | enses are operative to focus w de beans of
| i ght onto said photo di odes, the touch screen further conprising a

processgy connegbed fdh SAELPLYLR A §9E8ih°20 wherein a first coordinate

of a touch location is determined based on light detected by at least one
of said photo diodes, and a second coordinate of the touch location is
determined by correlating the detected light with an activation of at least

one of said light sources.

30. A touch screen system, comprising:

a display screen comprising a touch sensitive sub-area;

a plurality of photo diodes coupled with said display screen, for
detecting received light; and

a plurality of lenses coupled with said display screen,
wherein said photo diodes and said lenses are positioned so as to detect
the position of a touch of said display screen within said touch sensitive
sub-area, and wherein the remainder of said display screen is non-

functional for detecting the location of a touch thereof.

31. The touch screen system of claim 30 wherein the touch sensitive

sub-area comprises less than 25% of the area of said display screen.
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calculating a position of a pen tip that touches said display screen within
one of the wi de beans. 36. The touch screen system of claim35 wherein said
processorwoabnui2aides t he position of the pen tip based wrp@rusaotoiogis
intensity detected by at |east one of said photo diodes. 37. The touch
screen system of claim35 wherein said processor cal cul ates the position of

the peglséi p alond l%l?ckﬁéé:l%et?‘?g(?gt_éf@%\’ éll'hgrﬂ%bg\h/ﬁ'é?éH fve @8{1@%55%?15@% he

phot o odes along a single a tou Screen sys aifrm 30

wher ei ny fiifed YiseSr|888 thanPEHYE R the &th 8F s : The touch
screen systemo c?all m 3% wherein said tﬁiespl aygsg?@eﬁﬁgégtsﬁgggf 30" in
| engt h. 40. The touch screen systemof claim30 wherein said display screen

is at least 40" in length. 41. The touch screen system of claim 30 wherein

said piBBp di oTee wuktspacrth sppieriofatlain 30 wheepir the 48uchverisities
screen systemof claim30 wherein a first coordinate of a touch location is

det er mswd-alveadd situdteghin detoroeedflsaidtdibplst sore=mf sai d phot o di odes,
and a second coordinate of the touch location is determi ned by correlating
the detected light with an activation of at |east one of said |ight
sources. 43. A touch screen systemconprising : a display screen conprising
a plura34ty of They@urhssaehbysiam Qfa@'é!me38t\dh@ﬁ@|rhﬁ@ kuchy circuit
board conpri.sing ci rcui_t%jéfor goatrolled sel ective activation of

el ect r SHNSIHY SRS d8RveEeeRded Qrafeur §'CEQSJPXIF?QGF'QHS ﬁgé?ei nfrared LEDs

connected to said circyit board
remainder of saldc('flsplay screen.

35. The touch screen system of claim 30 wherein said lenses are

operative to focus wide beams of light onto said photo diodes, the touch
screen further comprising a processor connected to said photo diodes for
calculating a position of a pen tip that touches said display screen within

one of the wide beams.

36. The touch screen system of claim 35 wherein said processor
calculates the position of the pen tip based upon a light intensity detected

by at least one of said photo diodes.

37. The touch screen system of claim 35 wherein said processor
calculates the position of the pen tip along one axis based upon light

intensities detected by the photo diodes along a single axis.

38. The touch screen system of claim 30 wherein said display screen

is between 6” and 9” in length.

39. The touch screen system of claim 30 wherein said display screen

is at least 30" in length.
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for emtting light that is guided through a first |ayer of said display
screen; and a plurality of photo diodes connected to said circuit board,
for receiwOngio/i2gisn that i s guided through a second | ayecTafS2¢aiosli2ds spl ay
screen, wherein said circuitry generates signals responsive to |ight
detected at said plurality of photo diodes. 44. A touch screen system

conpri sigg : an‘%-r‘%ﬂﬁ'faﬁ’ie?g’ﬁgﬁ%r@r?d {;)ggip %ﬁ;\{vﬁ%?‘eﬁ'loggilaegiSﬁléeg s\tjtmi’i%%ns ai d

screen, Tor emtting 0 dirodes cou

screen,isfHr 48t ¢ ipg etrﬁﬁhl ight emtted by said |light sources, and for

i dentifying tﬁe Iocatll on of a touch on said screen when an absence of the
emtted light is detected; and a plurality of |enses coupled respectively
with said plurality of light sources to generate wi de beans of |ight over a

porti omof sai Thecicrfih shelegi By starmtemtladhl 300aheesiredaial pastedicaesl screen
are covered by nei ghboring wi de beans. 45. The touch screen systemof claim

44 f ur tarer spacgd apprgxamaeelyntlO phon @pary. of | enses coupl ed respectively
with said plurality of photo diodes to narrow the w de beans onto said
phot o di odes. 46. The touch screen systemof claim4 5 wherein said second
| enses are placed at | east 4 mmaway fromrespective ones of said photo
di odes.437. Théhedwsichsseraan systasm off claimi 30468 hereinea firshic@osAtIaledi odes

and sai d second | enses ar | aced adj acent o an edge of said screen. 48.
The t olH@ §eus@d0§9eperfﬁdfet%rmlmeﬁ!§vémf é’if"nﬁ@akC gep,aé-@d EM@U@@St one
of said photo diodes, and a second coordinate of the touch location is
determined by correlating the detected light with an activation of at least

one of said light sources.

43. A touch screen system comprising:

a display screen comprising a plurality of layers substantially
parallel to one another;

a circuit board comprising circuitry for controlled selective
activation of electronic components connected thereto;

a plurality of near-infrared LEDs connected to said circuit board,
for emitting light that is guided through a first layer of said display
screen; and

a plurality of photo diodes connected to said circuit board, for
receiving light that is guided through a second layer of said display
screen,
wherein said circuitry generates signals responsive to light detected at

said plurality of photo diodes.

44, A touch screen system, comprising:

a screen;
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are placed under said screen and said second | enses are placed adjacent to
an edge of said screen. 49. The touch screen systemof claim44 wherein a
first setwofzotiieinside beans span the | ength of said screemspdoasregond set
of the wi de beans span the width of said screen, wherein an overlap between
the first and second sets defines a touch-sensitive sub-area of said

“and wh . _ e ; : - . i
et ecting tho. Parplfy BFTEREG eI bISALERA sd e RHI oL BIRHRL, o
claim 4%wg1er ein the touch sensitive sub-area is situated in a corner of

sai d screen. 51. The touch screen systemof claim49 wherein the touch

sensi tive sub- grgiaraftys Bf phivtdediodesf @ipleddgrhbyaiBosdreens feF ddtecriagri nder
of said screen. 52. The touch screen systemof claim44 further conpfising

a procesgoliglibengictet byyosaidiligmhedorcispdasd for idealifyingithe lacheioatoba of a
pen tip that touches said screen within one of the wide beans. 53. The

t ouch douebnos \ssidscoéen|vanenEh abseaca ofalilte pnutiessk bight @ detattesd;t he

| ocation of the pen tip based upon a light intensity detected by at | east

one of a&xd photo diodes. 54. The touch screen system of claim52 wherein

sai d processor calculates the location of the pen tip along one axis based
upon |ight inteRiurabty aélensesiceypled respeetdvelyonds stidnplugalityngfe axis.

55. Theiitouch screen s%stem of. claim 44 wherein said screen i s between 6"

and 9" liGNG e0KiGes EICTREAtGUAC RGBSR AYHIRLDYEr & BPFHAA Alsdiseresnd
whor o i BsfirL SR el ch R et g PEER eGPy ! & 44

neighboring wide beams.

45, The touch screen system of claim 44 further comprising a
second plurality of lenses coupled respectively with said plurality of photo

diodes to narrow the wide beams onto said photo diodes.

46. The touch screen system of claim 45 wherein said second lenses

are placed at least 4 mm away from respective ones of said photo diodes.

47. The touch screen system of claim 46 wherein said photo diodes

and said second lenses are placed adjacent to an edge of said screen.

48. The touch screen system of claim 46 wherein said light sources
are placed under said screen and said second lenses are placed adjacent

to an edge of said screen.

49, The touch screen system of claim 44 wherein a first set of the
wide beams span the length of said screen and a second set of the wide
beams span the width of said screen, wherein an overlap between the

first and second sets defines a touch-sensitive sub-area of said screen,
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58. The touch screen system of claim 44 wherein said photo diodes are
spaced approximately 10 mm apart. 59. The touch screen system of claim44
wher ei n awbiznar12¢30r di nate of a touch | ocation is deter®rCmas2@ase4on | i ght
detected by at |east one of said photo diodes, and a second coordi nate of

t he touch Iocation is determned by correlating the detected light with an

act | Vatérf@vﬁi 2rLin ﬂ%sllerﬂgﬁﬂd)ér gﬁ%gid kOerp ! Bﬁsgﬂﬁﬁ cfrTé\efotriﬂ%cgﬁg £rom

systemoO vvher elrn sal enses are p ace east

reSpeCtt'h\éelo‘E'é%g)rﬂ %aﬂ(ﬂ]dH ghdretpprces. 61. The touch screen system of claim

60 wherein sai t sources are placed under said screen and said first
| enses are pl aced adj acent to an edge of said screen. 62. The touch screen
system of claim®60 wherein said |ight sources and said first |enses are

pl aced @] acenThectquttedatearf spetamssi caim 49. whieeirotied teackaseraysvem of
claim44 wherein said |l enses are placed at |east 10 mmaway fromrespective

ones ofsudaadehiighsitisbaedcia a@brnéneftsaidiscgeeaen system of cl ai m 44 wherein
said | enses are placed at |least 20 mm away from respective ones of said
| i ght sources.
51. The touch screen system of claim 49 wherein the touch sensitive
sub-area is surrounded on four sides by portions of the remainder of said

screen.

52. The touch screen system of claim 44 further comprising a
processor connected to said photo diodes for calculating a location of a

pen tip that touches said screen within one of the wide beams.

53. The touch screen system of claim 52 wherein said processor
calculates the location of the pen tip based upon a light intensity detected

by at least one of said photo diodes.
54, The touch screen system of claim 52 wherein said processor
calculates the location of the pen tip along one axis based upon light

intensities detected by said photo diodes along a single axis.

55. The touch screen system of claim 44 wherein said screen is

between 6” and 9” in length.

56. The touch screen system of claim 44 wherein said screen is at

least 30” in length.
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57. The touch screen system of claim 44 wherein said screen is at

least 40" in length.

58. The touch screen system of claim 44 wherein said photo diodes

are spaced approximately 10 mm apart.

59. The touch screen system of claim 44 wherein a first coordinate
of a touch location is determined based on light detected by at least one
of said photo diodes, and a second coordinate of the touch location is
determined by correlating the detected light with an activation of at least

one of said light sources.

60. The touch screen system of claim 44 wherein said lenses are

placed at least 4 mm away from respective ones of said light sources.
61. The touch screen system of claim 60 wherein said light sources
are placed under said screen and said first lenses are placed adjacent to

an edge of said screen.

62. The touch screen system of claim 60 wherein said light sources

and said first lenses are placed adjacent to an edge of said screen.

63. The touch screen system of claim 44 wherein said lenses are

placed at least 10 mm away from respective ones of said light source.

64. The touch screen system of claim 44 wherein said lenses are

placed at least 20 mm away from respective ones of said light sources.
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