LI GHT- BASED TOUCH SCREEN FI ELD OF THE | NVENTI ON [ 0001] The field of the
present invention is touch screens for conputers. BACKGROUND OF THE

| NVENTI OWPQ0BAJ93x2onvent i onal touch screens are capacit a0Casbasme3409

resi stancebased. These touch screens provide user interfaces through which
a user enters input to a copputing device uching a screen at a

sel ected location, with a 5ﬂgﬂJéﬁﬁéﬁﬂlﬂKﬂHE£L§Eﬁﬁﬂﬂi [ 0003] Conventi onal
touch screens are generally |arge. Wen space is at a premum such as with
smal | handhel d el ectroni c devices, conventional touch screens are linited

S ! yreover, these inputs are not accurately

e I < **=s not use a stylus. [0004] Conventional touch
screenyy, %ﬁ al frﬂe' ﬁg‘dtSF’tﬁé HFlﬁ\)’%’ﬁﬁ ﬁfus‘tﬁﬁkh'%%%ﬁstf‘a?tcc}rﬁgiﬁté@
recogni ze. "For exanpl e, conven onal touch sScreens are un

di stingui sh betmeen a soft tap and a hard press. Conventional touch screens
are unable to reco.nlze fast repeat ed tapping on the sane screen | ocations.
ConventBAREGRGUN =¥ M & Sle to recognize gestures made by a
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di sti nqbtgﬂo[;,asre]‘gﬁrd%% Etort\ﬂlWh%Cft']ﬁééﬁ whi ch are resistance-based or

capaci t ance | ment's of e~ present
[0003] Conventional touch screens are generally large. When space is at a

premium, such as with small handheld electronic devices, conventional
touch screens are limited to only a few user inputs. Moreover, these inputs
are not accurately interpreted when the user does not use a stylus.

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

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

both large and small screens.



I nvention use |light beans. [0007] LEDs and phot odi ode (PD) receivers are
distributed around the perineter of a touch screen. The LEDs are controlled
by a m crwpnrome®ssin to selectively emt |ight, and the PDTrise@iowessg9 are
controlled by the mcroprocessor to selectively neasure light intensities.
The light emtted by the LEDs is projected by a | ens assenbly over the
touch sgPBIARNOPOIEIDESCRIPTEONNt O the projected |ight obstructs sone of
the Iight fromreaching the PD receivers. The correspondi ng decrease in

l'i ght i[00@6]si t Aspeatsolithd [inesehe iRlentiod retate epabueh stekensithaiti on of the
object's position. [0008] I n accordance with enbodi nents of the present

i nvent iaperatbeby emsasssrgtlightpindgpsitied egtittechby ipfraarée|lighitaermsttaig
mul ti pl e heights over the touch screen. | n turn, the light intensities
measur etioggst (h&EDH). r Be élisténetiendbon peiosantdouch stieenss wihigh arsuch t he
screen and al so objects that are above the screen and nearly touching the
scr een.resistapgeopased OrgrPaGitancg -basedeowenbedireents of b€ BFEedr ti me of
objects that. are nearly touching the screen is also determ ned. Mreover,
det er mi'AXENERNYUSEHGNPERA®S  ti ne enabl es derivation of objects' velocity
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g SW pe ana a

ri ghtward novin t he screen, i'gurative gesture such as
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The touch screen of the presentinvention™ s also able to recognize

posi ti aife BRDsMBtirofecteld BYre ldManssambipi @adr tHartbb aneersen. tAaNebjeet t he
screen. [0010] The touch screen of the present invention nmay be used as

bot h arcrossing into the projected light obstructs some of the light from reaching

the PD receivers. The corresponding decrease in light intensities measured
by the PD receivers enables determination of the object’s position.

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

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

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



I nput device and an out put display device. | n sone enbodi nents of the
present invention, paths of notion made by an object on the touch screen
are convewoediowwm3gor r espondi ng noti on of a nouse, and i RPUWUSaGLOMEINIt O a
conputer. [0011] The user touch-based inputs nay be | ogged and

post - processed by a data processor. An application of this is a touch-based

st or ef riﬂ%nﬂo’ﬁﬁ@%lsﬂ'@lﬁl%bbb F@@@é’hi&é%iti@ﬁ@ténd MABtiIBASSE §ofredttan eaged and
anal yzed to derive information about consumer interest in a storefront

showc assbjeics girayl tariHbildly ltoachine tketsateannt s of the present invention,
LEDs are arranged al ong two adj acent edges of the touch screen, and PD
recei vgn8l®r e dheargedh atreen ohéhetpresentonadptioanmnagdhesusdd asdidtér an
enbodi ments of the present invention, four LEDs are positioned at the

cor ner gnputidavice aitd sorewiputadispRly devitaedp soreegemboghanentsmef the edges.
[0013] | n sone enbodi nents of the present invention, the LEDs are
connectRi@seatdnuantion, trathsmf metien veade thapnseliest arbike daHChEsre8NuUM
drivers that select, colums. such,. a designated LED is activated by
appr opr@r&%WV%rétteﬂi%CPF@S&’@H@%%HGF'H@ ?gﬁ/ RYISEo ALK INRYL, 8P SUCEhaa

connection stgnificantly reduces the nunber of 10O connectors required,
therebfquBH 'ﬁg the cost of materials for the touch screen. Simlarly, the

| b i |
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keypads. [ 0015] There is thus provided in accordancé wth an enbodi nent of

t he derive information about consumer interest in a storefront showcase
display.
[0012] In some embodiments of the present invention, LEDs are arranged
along two adjacent edges of the touch screen, and PD receivers are
arranged along the other two adjacent edges. In other embodiments of the
present invention, four LEDs are positioned at the corners of the touch
screen, and PD receivers are arranged along the edges.
[0013] In some embodiments of the present invention, the LEDs are
connected as a matrix to LED row drivers that select rows and LED column
drivers that select columns. As such, a designated LED is activated by
appropriately setting its corresponding row and column drivers. Such a
connection significantly reduces the number of IO connectors required,
thereby reducing the cost of materials for the touch screen. Similarly, the
PD receivers may be connected as a matrix to PD row selectors and PD
column selectors.
[0014] Thus the present invention provides touch screens suitable for both
small and large electronic devices. Devices that use touch screens of the
present invention, such as mobile phones, do not required keypads since

the touch screens themselves may serve as keypads.



present invention a |ight-based touch screen, including a housing for a

di splay screen, a plurality of infra-red light emtting di odes (LEDs),

f ast ened wo 20t009B%70Ssi ng, for generating |ight beans, at PCeamsolonessED

sel ector, fastened on the housing and connected with the plurality of LEDs,

for CO"[()OI%]' abﬂ'he?é'|§QhU§93r@Wdé’G$ﬁ|a?§:b'raQn@éQNiQh aReenbbdirienplofrtdlel ty of
LEDs, a plurality of photodi ode (PD) receivers, fastened on the housing,

for nmegswseny ihivghtionnd eingitt yased tbaaﬁtsc@eenf’lmdatlmg@rhonsmgemdaon t he
housi ng and connected with the plurality of PD receivers, for controllably

sel ect idigphaydsdesri, ez tpluca | itgeo foinfrapre dolighthemitting | diodesf ( LED )e dastarrex] an
optical assenbly, fastened on the housing, for projecting |ight beans

eni t t edmyhetwysiogalfor geokeraking lighttbbamstataldastmnaLES) splestes, over the
housi ngf, and a controller, fastened on the housing and coupled with the

pl ur al 1a§teaﬂie pn beeinpssing @nd egnneskrd yith ﬁbetmgrahtw @Béﬁuﬁné:OEED

sel ector, or controllin e at | east one PD s i) for
det er mGfl 't‘%.'%'ﬁ/eW'@ﬁfF'BSs@W&?ﬁﬁ@%@g QU] PrdnokA thﬁ LE@BE% 029‘; S/l @ast
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LEDs, vl EBPELLaf TR sRERAIraIRE OF Ho PECoRRS, R churofebly BRfdting "2
pl ural idpg @ersem&twg o éP'H%oF@%?'tMérﬁuPQHt%ﬁb?PfD Paceidere] sigrticdicast one

of the PD receivers, whereby a selected PD neasures received

i nt enS'éSSerﬁBﬂ/ Cf@‘s@érﬁ@@'d?ﬂttﬁ’@ﬁdds@rﬁlg afst peojeetiny W@h@be@%@@mi@t@d byct i ng
i ght from at 'east one of the PD receivers, based on out put currents of

t he pl wha plyrality BP LER<iveubstaffialy pTdTaIIeI paries blrer thedvoudsicig, rand a

accordance with an enbodi nent of the
controller, fastened on the housing and coupled with the plurality of PD
receivers, (i) for controlling the at least one LED selector, (ii) for controlling
the at least one PD selector, and (iii) for determining therefrom position and
velocity of an object crossing at least one of the substantially parallel
planes, based on output currents of the plurality of PD receivers.
[0016] There is additionally provided in accordance with an embodiment of
the present invention a method for a light-based touch screen, including
controlling a plurality of light-emitting diodes (LEDs) to select and deselect
at least one of the LEDs, whereby a selected LED emits infra-red light
beams, controlling a plurality of photodiode (PD) receivers to select and
deselect at least one of the PD receivers, whereby a selected PD measures
received light intensity, and determining position and velocity of an object
obstructing light from at least one of the PD receivers, based on output
currents of the plurality of PD receivers.
[0017] There is further provided in accordance with an embodiment of the
present invention a touch screen, including a housing for a display screen, a
plurality of sensors, fastened on the housing, for sensing location of an

object touching the display screen, and a controller, fastened on the housing
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present invention a touch screen, including a housing for a display screen,
a plurality of sensors, fastened on the housing, for sensing |ocation of an
obj ect t omoRlorg9site di spl ay screen, and a controller, fasrarsedoosshe

housi ngand coupled with the plurality of sensors, for receiving as input

| ocations sensed by the plurality of sensors, and for determ ning therefrom
posi t1 cired @buB\é@d Witlehe BRirghtys of isemsbag efirstecd eingNa s InplE |Gtsd iy .
screen. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0018] The present invention wll
be nor esdngdddybyrtiher phuralityaiod sepzoes) ahddfoirdeberhenirod therefgode paisitbohs
description, taken in conjunction with the drawings in which : [0019] FIG
1 i s a afi o an miore eljechks simedianemrishy toachiEDs thadlidplahDscraem. accor dance
wi th an enbodi nent of the present invention; [0020] FIGS. 2A - 2C are

di agranms of a touch screen that detects two objects that touch the screen
si mul t aneously, in accordance with an enbodi rent of the present invention;
[0021] FIGS. 3A and 3B are diagrans of a touch screen that detects a two
finger glide novenent, in accordance with an enbodi nent of the present

i nvention; [0022] FIGS. 4A - 4C are diagrans of a touch screen for a piano
keyboard sinulator, that detects nultiple keys of a displayed piano
keyboard that are touched sinmultaneously, in accordance wth an enbodi nent
of the present invention; [0023] FIG 5 is a circuit diagramof the touch
screen fromFIG 1, in accordance with an enbodi nent of the present
invention; [0024] FIG 6A is a sinplified block diagramof electronics for
a touch screen, in accordance with an enbodi nent of the present invention;
[0025] FIG 6B is a sinplified block diagramof alternate el ectronics for
touch screen, in accordance with an enbodi nent of the present invention;



[0026] FIG 7 is a sinplified circuit diagramof an exenplary central
processing unit for use with the touch screens of FIG 6A and 6B, in

accor danceowntaneasroenbodi nent of the present invention; PCOARZ(106233298 is a
diagram of a shift register for an array of 16 LEDs, in accordance with an
enbodi ment of the present invention; [0028] FIG 9 is an illustration of a
wavef orgrRIEF DESCREPTIONLEPSTHE DRAPANGESCe Wit h an enbodi nent of the
present Tnvention;[0029] FTG 10 is a diagramof a touch screen with four
LEDs pl[eors] i nThieepfeantdoveet®roill ibe smoreefullyaoddelstoadd &Pd are arranged
along the four sides of the screen, in accordance with an enbodi nent of the
pr esentappreamticachfrond @Be] falo®/ingldékaikedldagcrdptioh, dakeBDndeco vjemater i x f or
a touch screen, in accordance with an enbodi ment of the present invention;
[ 0031] Wit thexdrawings dymemcbt LED switches, in accordance with an

enbodi nent of the present invention; [0032] FIG 13A is a diagramof a

cur rentl091%i t eFIGuskds Rodiagram i kewchiisceeen hpvingrkniERs aRds16iRDs,
accordance with an enbodi menb of th% cﬁ’r sent invention: [0033] FIG 13Bis
a di agrBrAHOTEANSE ¥R M EMPRAIBRNT AT N Presridd VENT S ti ng and

directi urr 0, L.E i.n_accordance w th an _enbodinent, of the present
nvent IR0 0oEdES- 2R T2¢ e GRAEPRTY BF St sEragt Lhar defrcts bt ay of
16 PDs, . | [ | tion; [0035]
Fra 1Rl Eiof S6e bRl HaFRRbo Ry, 8RBT BRD L VR AT b, i 1

accordaaﬂﬁo\gi%%rﬁ%f%g}ggéﬁt vaérﬂ‘?‘orﬁ” esent invention; [0036] FIG 16 is a

di agram o oto matrix for a touch screen, in accordance with an

enbodi Mgpi110f FIGSr 3ACHAd I 3BV QidgrhPPs oF dtSacH écksed tHhg Bl aa PD
out put selector for use in a touch

two finger glide movement, in accordance with an embodiment of the

present invention;

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

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

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

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

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

accordance with an embodiment of the present invention;



screen, in accordance with an enbodi nent of the present invention; [0038]
FIG 18A is a diagramof a resistor-based current integrator used in

conj unct i 20i0tde3PD recei vers in a touch screen, in accecuarse@omid an
enbodi ment of the present invention; [0039] FIG 18B is a diagramof a
transi stor-based current integrator used in conjunction with PD receivers

in a tqyemiscr FEG. 10 isCLaISHRER OF 4 foabh yEpedhRith Purt lEDREEEd in the
i nvention; [0040] FIG 19 is an illustration of current integration over

tinme, ifourcorndasod thiet scrarne rdradliphirdl RDs e grraagat alongntheofoi08idids FI G
20 is a sinplified flowhart of a nethod for PD sanpling, in accordance

wi t h arofetftsdcraan, iof acdwmdanesewith anearnibodi Med4sf] tHa @regent irvetion;
illustration of neasuring anbient |ight by summ ng pul ses when an LED is on
and sud003t i nFIGul Bkdswhdingraen IEmam 4 EQ drivier matoxdance towchh sereen, in
enbodi nrent of the present jnvention; [0043] FIG 22 is a sinplified

f I owchadqcosflapreanttBraaEmBoAENERE of dhepprésentasvenditite with an enbodi nent

f th t i i.on; [0044] FI 23A, i Ci i t, di f i I
1o RS PIRLeFS 9kl et G S¥iutas o chb e bt Shosch
screen, _in corda i th an enbodi. ment of the present invention; [0045
FI G Zﬁnibg%g”@r&cé}ic&emjgﬁ?%% gtV Il%ri]'t ernative gi gnal f: I ;/er :and aErpI i f% er

e op.OFYE AR bl WS AN AP BSLATOP YR Shal e
1L EC sTProh 0 ek R odhdohs ddeeniibonihPE SEapriadey oo
t he pr qg@@htiiolﬁ]\{ent i on;
[0033] FIG. 13B is a diagram of an alternative current limiter, used for
limiting and directing current to LEDs, in accordance with an embodiment of
the present invention;
[0034] FIG. 14 is a diagram of a shift register for an array of 16 PDs, in
accordance with an embodiment of the present invention;
[0035] FIG. 15 is an illustration of a waveform for activating selected PDs,
in accordance with an embodiment of the present invention;
[0036] FIG. 16 is a diagram of a photodiode matrix for a touch screen, in
accordance with an embodiment of the present invention;
[0037] FIG. 17 is a diagram of a PD output selector for use in a touch
screen, in accordance with an embodiment of the present invention;
[0038] FIG. 18A is a diagram of a resistor-based current integrator used
in conjunction with PD receivers in a touch screen, in accordance with an
embodiment of the present invention;
[0039] FIG. 18B is a diagram of a transistor-based current integrator
used in conjunction with PD receivers in a touch screen, in accordance with
an embodiment of the present invention;
[0040] FIG. 19 is an illustration of current integration over time, in

accordance with an embodiment of the present invention;



[0048] FIG 25B is a diagramof a lens assenbly for distributing two groups
of light beans, in accordance with an enbodi nent of the present invention;
[ 0049] FIveB.200883%Ind 26B are di agrans of sinplified | engCagsenolozz9
corresponding to the respective |l ens assenblies of FIGS. 25A and 25B, in
accordance with an enbodi nent of the present invention; [0050] FIG 27
shows t[po£R- di FIGI 20a5 dTeRApliAEEMGwehat ehk m@tﬁaalfoquca)@\a%pnh?, gyrface
of a touch screen, in accordance with an enbodi nent of the presen

I nvent iautorfd@fté]withGn 28nbsdament lofsthieapreseritf inveintioriy screen with

t hr ee- di nensi onal sensing functionality, in accordance with an enbodi nent

of the [p04Xent FIGie2liis@r U0EttatfFdi.of2aasuaing aphbient dsghtaby sgindirfihgr ent
light intensities nmeasured by a PD receiver corresponding to proximty of
an obj gaulses vehenh LEE iscdnsaand subtraciing porsemuvdan the g-rE[émfb@(ﬂﬁ,ri’ént of
the present inventjon; [0053] FIGS. 30Ais a sinplified illustration of a
handsetaGgorHaRCeMER ar esehodiment of ttneneeesgnthinyenidbdi nent of t he
present_inventian; Q54] FIG._.3 i s sinplified illustration_of .

ot ter dobiidor EB-pdpehsimpliisndiansBartgbop alfempave snelnod far PB, in
accordance with an.enbodi ngnt,. of th resent invention: [0055] FIG 30Cis
2 oi rpi qaccstianLediPa T STBROITRG RS ANen B Rs YRR oac tor n proj ected by

2 Prol SGheN | NEXES FERCR SUNE Lol eI 3 £ LA EPELRCHSibMernisal oot

is dep upon 't di'st ance o ob] rom
d ' ' h ted t: 0L} 30D
and S0RCLrO Bl eRon Tl e Bligk o7 BLERRT, o RERLih Htcaranct Whian 7l

the spagebfyR dPH pFESESNINVEhtKOr dance with an embodi nent of the
present | nventi on;
[0045] FIG. 23B is a circuit diagram of an alternative signal filter and
amplifier circuit, using an OP amplifier, in accordance with an embodiment
of the present invention;
[0046] FIG. 24 is a diagram of a prior art lens assembly for an LED and
PD;
[0047] FIGS. 25A is a diagram of a lens assembly for use with LEDs and
PDs for a touch screen, in accordance with an embodiment of the present
invention;
[0048] FIG. 25B is a diagram of a lens assembly for distributing two
groups of light beams, in accordance with an embodiment of the present
invention;
[0049] FIGS. 26A and 26B are diagrams of simplified lens assemblies
corresponding to the respective lens assemblies of FIGS. 25A and 25B, in
accordance with an embodiment of the present invention;
[0050] FIG. 27 shows three-dimensional measurements of light intensities
over the surface of a touch screen, in accordance with an embodiment of
the present invention;
[0051] FIG. 28 is an illustration of a touch screen with three-dimensional
sensing functionality, in accordance with an embodiment of the present

invention;



[0057] FIG 3 1 is an illustration of use of a touch screen for processing
finger notions as input to a conputer, in accordance with an enbodi nent of
t he presew0d 20rvesi7oon; and [0058] FIG 3 2 is a sinplifiped/uiskénwseysati on of
a touch sensitive display case containing itens of merchandise, in
accordance with an enbodi nent of the present invention. DETAI LED DESCRI PTI ON
[0059] [669H|Ct SFIG.129 iBrgeaphiinustrationy dRf&ienttight gitenBRReANcisiTed
screens. According to enbodi ments of the present 1nvention, a |light-based
touch dey @ePDimdeiv@scarrdspoalding tof proXinaty efl dn gbjectnid &itogicti scteen( LEDs)
and a plurality of photodi odes (PDs) arranged al ong the perineter

sur r ourslinigce hien accaetanCEhwittEBs @mdjoetimdntybft thelpsresant ahventianal | el to
the screen surface, and this Ii gi_hjt is detected by the PDs. An object, such
as a filAg®Y, pFIGS 30& ismasompliiedillustcationafna hansdsstwitb atoual | i ght
beans, and correspondingly sone of the PDs detect less light intensity. The
geonet rSErEEN; e acsesdanee Voithtaie eprRodignant Ré thegiesemtdRYEDLIO t hey

detect, suffic 0 erm ne screen, coordinates of the object. The LEDs and
Oosor d0BEh! 1 CFIED $6B e SimHESaCORAbA St Dettarn SEHOEs PrgISrted
control.ler.,CGenerall each LED and PD. has |/ © connegct ors nd,signals are
¢ r ansmi NERANEC A PPYVE LAUTESC SRl IhRCRORIRICE S1E) AN, aniipdifedaionTs n
one e i f. sent invention, pl | LEDs d al t
adj acen %sliqpaéegser%fmyé?'et@ﬁngul ar screen, aﬁdu{o?ur al PDgr gr 2r ;?Pgﬁgeg glngngwo

the ot r[69;}5?]""‘3’ F‘i@lo:?ﬂtgiéi %%ﬁrplgfit%dt MUStFREH §h88\ﬁh§rﬁ&ﬁ%ﬁ§ﬂgg§ﬁtygcgeato

FIG 1, I'ch 1s a diagra ouch screen 1 Vi ng and 16

E[E)SDS 1? Oaﬂg%‘r?%f?g;éigcégg%ﬂaf Bﬂéﬁ%cﬁﬂpwitﬁ@@pé?:fe 4PBvET£ B8 ispreah | 8Rd The
ght™ beans across the top of the touch screen,
whi ch aiefleteé @ Byednbybjeer) BsdependenbPp@s ehe &listdndt of the object from a
projector, in accordance with an embodiment of the present invention;
[0056] FIGS. 30D and 30E are simplified illustrations of patterns of digits
projected into the space above a touch screen, in accordance with an
embodiment of the present invention;
[0057] FIG. 31 is an illustration of use of a touch screen for processing
finger motions as input to a computer, in accordance with an embodiment of
the present invention; and
[0058] FIG. 32 is a simplified illustration of a touch sensitive display case

containing items of merchandise, in accordance with an embodiment of the

present invention.



are directly opposite the LEDs. When an object touches touch screen 100, it
bl ocks light fromreaching sonme of PD receivers 140. By identifying, from
t he PD r eweizomvovsarbput s, which |ight beans have been bl @citas2day/oeises obj ect,
the object's position can be determ ned. [0061] Reference is now nmade to

FI GS. AeTAREDYWESKRaEPFIONRYr ans of a touch screen that detects two
obj ects, 10 and 20, that touch the screen sinultaneously, in accordance

wi t h arfoesgjodi mepects of thepresent invgatibnorelatdiedightiBased tdlchwhi ch are
touchi ng the screen, block light fromreaching some of PD receivers 140. |
n accorstaeeasw Abcamliegitode mihadioferitiseplr Hse preseneimvantionha lpidi-based of
objects 10 and 20 are determ ned fromthe crossed lines of the infra-red

beans ttoatcht $ereeh) klgdes acrlurality of snfracredhightrémitting diedes{habs)based
and capaci tance-based touch screens are unable to detect nore than one

o saroen 100, Sr 1t Sneouery SLond 5 corome. hork sant gl or worti car! S o
2 i il Tl ) SO B

verti %acr39nétajﬁac? GlY %ygﬁgﬁ qtcieid 9athe B cde 9&%@%%3 the
a A S PIRERY Qoo bl ar B aeteb I B6ks REMS BrItERSRE Barfser vars

140 i t P ' . : , d
L0, ar el poKo ARl 100 g el P, FRicee aenERARLS anhd - ond
det er mdl@cﬂnte‘?ryb%f%hb%kﬁﬁoﬁ% dfehd PERL IANtP trgﬁgi tin%@né‘i@%ssﬁfe%ﬁﬂete t,

coordi nates | ocated at the iIntersection of | ght beans ocked from PD

recei vedFfige-todderstniiie seiereesordinbtied of thRdol9fIceCtTZE LIFESs apteRDs are
coordinates |ocated at the intersection of the I'ight beans bl ocked from PD

r ecei vegsontaéoHed fendeRiztive 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.

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

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

some of PD receivers 140. In accordance with an embodiment of the
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receivers g and h . [0063] Objects 10 and 20 shown in FIGS. 2B and 2C are
not aligned along a comon horizontal or vertical axis, and they have

di ff erentwbaniozosizal | ocations and different vertical | @catisens/02Heom t he
bl ocked PD receivers a - h, it is determ ned that objects 10 and 20 are

di agonghiasePRRAGENE oRANEhaNsbdIEibns IGRYbE@sELO RiTd 2P BPE Idetekmiheddhony t he
top right and bottom/left of touch screen 100, as illustrated in FIG 2B;

or el setheesEseidviehys ofabki ingrd-redinddon tHaghtheaobjdate Bletk. afn t ouch screen
100, as illustrated in FIG 2C. [0064] D scrimnating between FIG 2B and

FI G 2GissEncHsal pribhgrterddisttander-basedarad icagathansanpasedtonghtscrbank

touch patterns, or else (ii) by associating neaning to only one of the two

t ouch pane enable to Weataske mong thar Wneapbiegesmulsaneously wughingtiier wi se

configured, such that the effects of both touch patterns FIG 2B and FI G

2C ar e 0hi8€Bane. For exanpl e, touching any two diagonally opposite corners

of touch screen 100 operates to, unlock the screen. n case (i i%, the Ul
Sifﬁ‘él? QHIBN

oven gt ernt FIG 35 opg LG 20 hoe -t - askact 3t cd Lherent th. e
exanpl & COGUBRMEOHAENIARRE VETGRe aNa: ORdroT EPDS.Gh et CORCISEREh sor een

(1)? % gﬁiﬁat?gﬁﬁéﬁd‘f%\'ﬁﬁéﬁﬁS‘eﬁ%ﬁﬁ?‘?ﬁ’gl%@%ﬁ?ﬁ?@ﬁc‘ﬂ%ﬁﬁib?ﬁ @99”@2@2, ' The
Ref or oniel T8° 228, A RIdnEq pha Lot nticel 4t Rl Bldtic Sapantiaty,

screen fhaadaghd PP feckivérs LatPalory tHE B&Y?ﬁ?@ﬁgei O BSGAH dBASEH M E; an

embodi nent of the present invention. The glide movenent iilustrated in

.S, met B 65 eciagensrik it bl gmighenie s ot gl
screen, two different sets of PD receivers 140 are blocked. Object 10
blocks the PD receivers marked e and f, and object 20 blocks the PD
receivers marked g and h. The two objects are thus determined to be
situated at two locations. Object 10 has screen coordinates located at the
intersection of the light beams blocked from PD receivers a - d and PD
receivers e and f; and object 20 has screen coordinates located at the
intersection of the light beams blocked from PD receivers a - d and PD
receivers g and h.

[0063] Objects 10 and 20 shown in FIGS. 2B and 2C are not aligned
along a common horizontal or vertical axis, and they have different
horizontal locations and different vertical locations. From the blocked PD
receivers a - h, it is determined that objects 10 and 20 are diagonally
opposite one another. They are either respectively touching the top right
and bottom left of touch screen 100, as illustrated in FIG. 2B; or else
respectively touching the bottom right and top left of touch screen 100, as
illustrated in FIG. 2C.

[0064] Discriminating between FIG. 2B and FIG. 2C is resolved by either
(i) associating the same meaning to both touch patterns, or else (ii) by

associating meaning to only one of the two touch patterns. In case (i), the
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receivers 140 are bl ocked. As shown in FIGS. 3A and 3B, bl ocked PD
receivers are changing froma and b to PD receivers 140 nore to the right,
and fromwoant/m3370 PD receivers 140 nore to the left. SCrEiUSariop2349 ocked
PD receivers are changing frome and f to PD receivers 140 nore to the
bottom and fromg and h to PD receivers 140 nore to the top. For a glide

i n the |9pBPRigegliteaebhoNor isdthEPNEE ebhBgLPed Osand that tAetéfecpeft. the
bl ocked PD receivers change in the opposite directions. [0066] Wwen objects

10 and Béthatcuch pabeinsnFEGe @Bamd FIG. @€ are thay santd.alForexxamphere is no
anbiguity in identifying glide patterns. Wen objects 10 and 20 are not
al i gnedouching @amyptwoeadiaigoalallyropposite moaheesiof toubbreerean H00aopéeratiesy i n
identifying glide patterns, as illustrated in FIGS. 3A and 3B. | n case of
such arfiei golack theacegeniedorcassl (inbrigienbb Areanpes irefconsnayr isotherdiseB and
2C, discrimnatjng between FIG 3A and FIG 3 B is resolved by either (i)
associ fafigunes, saieh HRhPRly poewRl thetpuehnattems FiG.2Band LGy 2C
associ gting neani.ng to only one of the two glide patterns. [0067] | .t wll
e appias 5T AYNG rsSeCtRa ierdivibive Rt eRamieh ouTBene HABR TN b o
identifiers three.or nore j ects_that sinmul t angously touchi ng touch
scr oen a1t 1oMEF ST RES el dcheseratn 200 RRBFat &Rk P diehine “or a
t ouch f ' : i t t ipl e keys of
Séi{&gb‘u&ﬁ thd @y‘v@éolpapgﬁg%gfd gpge LALGF todé]*?%gpeeér?& rH%Jstn h§

a di splayed prano k otichéd si frultaneousty, i ccordance

W th a%%g’ﬁ?r?%’é%@bcféteﬁ%e%@\ﬁﬂﬁ‘t ThRRE Q8. gﬁ%ﬂ%ﬂ%ﬁﬁﬁ&%@sﬂ%t&fﬁ; aA -

4C has a rent |ayout than the touch scf ano keys
are di spBayatheat@ace thaehittétn.axi s. As such, touch positions along the

hori zontal axis correspond to keys of the keyboard. The bl ack keys are

i dent i flogeb1by Refererasid honsnidwd t6IFHGS| 8A wad\BB, avkiRYsare diagrams of
a touch screen that detects a two finger glide movement, in accordance with
an embodiment of the present invention. The glide movement illustrated in
FIGS. 3A and 3B is a diagonal glide that brings objects 10 and 20 closer
together. The direction of the glide is determined from changes in which PD
receivers 140 are blocked. As shown in FIGS. 3A and 3B, blocked PD
receivers are changing from a and b to PD receivers 140 more to the right,
and from ¢ and d to PD receivers 140 more to the left. Similarly, blocked
PD receivers are changing from e and f to PD receivers 140 more to the
bottom, and from g and h to PD receivers 140 more to the top. For a glide
in the opposite direction, that moves objects 10 and 20 farther apart, the
blocked PD receivers change in the opposite directions.
[0066] When objects 10 and 20 are aligned in a common vertical or
horizontal axis, there is no ambiguity in identifying glide patterns. When
objects 10 and 20 are not aligned in a common vertical or horizontal axis,
there may be ambiguity in identifying glide patterns, as illustrated in FIGS.
3A and 3B. In case of such ambiguity, and as described hereinabove with

reference to FIGS. 2B and 2C, discriminating between FIG. 3A and FIG.

3B is resolved by either (i) associating the same meaning to both glide
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[ 0068] The hand shown in FIG 4A is playing three white keys, and
correspondingly the PD receivers denoted a - f are bl ocked. The hand shown
in FIG 4w8208/q9%39i ng two white keys and one bl ack keypPCan$2010/023429
correspondingly a different plurality of PD receivers, also denoted a - f ,

are bl gsdtedrnd i$ ' ' B i f h igdd th
three fi ngg:ﬁ@%g@;&g%ﬁ%‘g’%ﬂgggﬁ@%@e? frwag&i({]m}él%%gﬁg E?g‘fg?gggged in
FI G 4@attemd.his case, the PD receivers along the right edge of touch
screen 100 discrimnate between FIG 4 B and FIG 4C, nanely, PD receivers
g , h d0067] ar & blilbdeedppredibtad 4%, thdsa skiPled et e ek thabtbdelprasenil ocked
in FIG 4C Blocked PD receiver i in FIG 4 B indicates a depth

cor r esponeniign alse idleatKigrisamrereyr: Ma@@sohjaRes dhat@rei molianedaskyo FI G 5,
which is a circuit diagramof touch screen 100 fromFI G 1, in accordance
wi t h arfosiebbg feHEhsICregr BPOseReferanas isonowtmaderte FIfiSaAd PRC140 are
controlled by a controller, showm in FIG 6A, Th LIEBS@ recei ve rezt%ective
si gnal sV € diggims nd LeBCh GG 8RBSOR @ RIRNQ keybpard giruHater dhairow

o0 VOB U ET s b ST e A e TR 5
deser ! bt Res BT 55 cROEhCE b AT b R e et AT
cont 1 olag 1356 ot iAEIGSPEIPY A nBEQyird Ay ARAYHHirithd 2oges.

enbodi ne the present rnvention, t are C l'ed via a first
seri al ddﬁéghfiﬁcFIGyﬁ'fh 8! apRfd Reds @r@adiﬁPﬁéJéd‘gldrﬂ:tj %eﬁﬁg%gnfﬁgéﬁik?rAélo-

Each bit of the binary string corresponds to one of and i ndi cates

whet hersidh, aelucrapEsitiordeaing’ ehe Hdrezoral exppadimspord toikese ¢ thd val ue

"1" indicates activation and a bit value "0" indicates deactivation.

Successkenthddrids The bicickviad gsl arpdddrtifiedviay ¢debypssitionsnthdthstraddle two
white keys.
[0068] The hand shown in FIG. 4A is playing three white keys, and
correspondingly the PD receivers denoted a - f are blocked. The hand
shown in FIG. 4B is playing two white keys and one black key, and
correspondingly a different plurality of PD receivers, also denoted a - f, are
blocked. The hand shown in FIG. 4C is playing four white keys with three
fingers. The same PD receivers a - f as in FIG. 4B are blocked in FIG. 4C.
In this case, the PD receivers along the right edge of touch screen 100
discriminate between FIG. 4B and FIG. 4C; namely, PD receivers g, h and
i are blocked in FIG. 4B, where PD receivers g and h are blocked in FIG.
4C. Blocked PD receiver i in FIG. 4B indicates a depth corresponding to a
black piano key.
[0069] Reference is now made to FIG. 5, which is a circuit diagram of
touch screen 100 from FIG. 1, in accordance with an embodiment of the
present invention. The LEDs 130 and PDs 140 are controlled by a
controller, shown in FIG. 6A. The LEDs receive respective signals LEDOO -
LED15 from LED switches A, and receive current from VROW and VCOL

through current limiters B. Operation of LED switches A is described with
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bit string within shift register 110. Operation of shift register 110 is
described with reference to FIG 8 . [0071] Simlarly, the PDs are

cont r ol | edolzg10093eond serial interface, which transm t Ca/useomang34gering to
a shift register 120. Successive PDs are activated and deactivated by
shifting the bit string in shift register 120. Operation of shift register

120 is rigesndieto WIG. 12f OpaeRidm ofidarrddt libfiEd] BAscdestirilsed Qvigmot her

enbodi ment of the present invention, shown in FIG 11, the LEDs are

| ogi caldefergricnte FIGSaA1TA Eind MIB\ Silgn2Ds icudivelrespgckaelsignalsapbogach
colum in the LED matri x. Each LED matrix signal is connected to a separate
pi n of -aRtuh fidmeshiftSregistert $2Ms PEhowtpub is-sent 16, cartteolkds 15, vie
logically arranged in a nmatrix with signals controlling each row and each
col umn signalsePPB(t and. PPGOL3] The ensuing description addresses (1) the

el ectronics, (2) the optics, and (3) applications of touch screen 100. 1.
El ect r JAOAY of Aﬁﬁgﬁfﬂingc%@ﬁel@ﬂ@mmn%ff Ehe mFesest fvemnder, the bEDs 6A,

e AT ST B SR .

i ne et dth 224.6° FoTonttstotns B iddh it G edstingd tF drehat ¢ T Es
130 150,
o LEnragreaht h{%a%%én%ﬁ%ﬁgeé%?&ﬁ' g6 U G (RO uRd Brfibionny h@eos 130
by currnefy |JHE {%eé Hity Wl"”n&c@’%es%cﬁ%t% EEE‘%‘ Hr@@aﬂ?él‘i' r’ﬁ*ﬁdlcates

appr oxi matel anps o current, whereas eac sel ector 0 onl

suppl i Q?ea%:tf@/ﬁé%' | gedsssivis LErareaetiviaksy Sa?{cﬁ%lb%tl%téd%y%h#ﬂnbﬁ@le
switch A that supplies sufficient current. Operation of swtchés Ais

gescr! kisidl sw_ruhE Withen ehefe regidte 110. Qp@rratubnrbfoéhﬁurégu@te* o ess Bis

escribed with reference to FIGS.
described with reference to FIG. 8.
[0071] Similarly, the PDs are controlled by a second serial interface, which
transmits a binary string to a shift register 120. Successive PDs are
activated and deactivated by shifting the bit string in shift register 120.
Operation of shift register 120 is described with reference to FIG. 14.
[0072] According to another embodiment of the present invention, shown
in FIG. 11, the LEDs are logically arranged in a matrix with signals
controlling each row and each column in the LED matrix. Each LED matrix
signal is connected to a separate pin of a controller. Similarly, as shown in
FIG. 16, the PDs may be logically arranged in a matrix with signals
controlling each row and each column in the PD matrix.

[0073] The ensuing description addresses (1) the electronics, (2) the

optics, and (3) applications of touch screen 100.
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13A and 13B. [0075] Controller 150 also selectively filters PDs 140 in a
controll ed manner, via PD selectors 170. PDs 140 are selectively activated
by PD selwotorm9is0, which activate one of the PDs. ThePpsirgrsadiofoezne t he
activated PDis transmtted back to controller 150 via a current integrator

180, whi ch ,tpRictiesEsigfeToedi Bere@n 1@0 one or nore objects are pl aced
over touch screen 100 and, if so, the positions of the objects. According

to an qoon4li neRefeferideipheseniadeaveRIGN6A, hehidlgkad dJimplifidtebisdk vat ed PD
is transmtted to a signal filter and anplifier 175. The out put of signal

filter diadranmpbf eleatrdiics forttoarchnsdresth b incacaoridasideewithb@n whi ch t hen
det erm nes whet her or not one or nore objects are placed over touch screen
100 andgmbodémenthef s present ofvaniéonbjAs sbowrpur &G b Af teughacreent er
and anplifier 175 is described with reference to FIGS. 23A and 23B..

Oper at i BAOJNCchigdeeHghfraraiftdbdiadss 13Qewbichemikinsesdivfieered lts.

o i ek e S STBTet el R oty LB a0t b e’
oL SSIROSEE 0Lk SASSEh ot BP0l MR AN ED s Sien, o
"D out il TR Ricledal ey PRIRTSES U SbRsET I by LIRRH R !
oL oo PAGSLIS KR GAEREh TS B8 o spBd il PeamibOpr O |
br ogr arabl Ao bereag ey R SRISERR. 160 8Ol SURPHEST Fah iRk As
progr angTRip, ekt EES s@leetd By ates! apbPPEDCAkiten-A RAGL lSup phiescsliffizid S| C) .

current. Operation of LED switches A is described with reference to FIG.

12. Operation of current limiters B is described with reference to FIGS.

13A and 13B.

[0075] Controller 150 also selectively filters PDs 140 in a controlled

manner, via PD selectors 170. PDs 140 are selectively activated by PD

selectors 170, which activate one of the PDs. The signal from the activated

PD is transmitted back to controller 150 via a current integrator 180, which

then determines whether or not one or more objects are placed over touch

screen 100 and, if so, the positions of the objects. According to an

embodiment of the present invention, the signal from the activated PD is

transmitted to a signal filter and amplifier 175. The output of signal filter

and amplifier 175 is transmitted back to controller 150, which then

determines whether or not one or more objects are placed over touch

screen 100 and, if so, the positions of the objects. Operation of signal filter

and amplifier 175 is described with reference to FIGS. 23A and 23B.

Operation of current integrator 180 is described with reference to FIGS.

18A and 18B.

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

diagram of alternate electronics for touch screen 100, in accordance with an
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Al t hough FIGS. 6A and 6B show current integrator 180, signal filter and
anplifier 175, PD selectors 170, LED selectors 160 and ot her functi onal
bl ocks aswbebrigsver nal to controller 150, such i npl emeoTAtS2@0/023429 or
pur poses of clarity and exposition. However, it will be appreciated by

those sihboRimdht! dretd Pré@é‘ﬁt ifventien. TR @I@g'ﬁaﬁ‘h'éanIGf Gﬂ'ﬁnélh%ﬁ%”én

I nvention sone or all t hese bl ocks, or portions thereof

i nt egr ajgomalt fiultiptesteroll 7ar, Jsey tb GeT&dt &aéér@mamm@@wmlemmﬂpﬁt 7,
which is a sinplified circuit diagramof an exenplary controller 150 for

use wi tdighalschlscheesbddyice oh nauktipldaecd 24 | maativenPodsigerals ohay leffeatesent
I nvention. The exenplary controller shown in FIG 7 includes 64 1/0O pins,
sone ofthm$iglma¢@mtecingt@omﬁolleelleiecarw opbicanal fiersendampdifierd7and sone
of which recel ve touch signals. [0079] Controller 150 shown in FIG 7 may
be an wsp tip @K@Edrﬁlcﬂ'lf’@mat@ﬁrfuh&&@t eifeaty Onsratiomet mukilexenddbis at ed
of Dall &)Qﬂ? LED Sel ect r 160 and Shift Register 110 [0080]
Refere qr W'E‘%\H@fqr@ﬁﬁﬁdo BIG.\hfch is a diagramof shift register 110

for an array of 16 LEDs 130, in accordance with anembodi ment of the pr esent
invention. Shift register 110 is connected to controller 150 via the

sui Fones A vi acy SOOI ABBlsh- pui | dri vers denot ed LED D00 thru
Corr o QN Beasa fibrel i rdfis SERYERIAIReRIaLs [P Sl FUCS 1 1
oD Bt AgeediaRIIRRoMotEsT, dhgicltd hareREREARl Y Lo 1o
are st @rGrammabld gaaté aMaysIFPGA) Bhtsappkcation abddific Efcullist GASIC).
Although FIGS. 6A and 6B show current integrator 180, signal filter and
amplifier 175, PD selectors 170, LED selectors 160 and other functional
blocks as being external to controller 150, such implementation is for
purposes of clarity and exposition. However, it will be appreciated by those
skilled in the art that in other implementations of the present invention
some or all of these blocks, or portions thereof, may be integrated within
controller 150.
[0078] Reference is now made to FIG. 7, which is a simplified circuit
diagram of an exemplary controller 150 for use with touch screen 100, in
accordance with an embodiment of the present invention. The exemplary
controller shown in FIG. 7 includes 64 I/0 pins, some of which connect to
LED selectors 160 and PD selectors 170, and some of which receive touch
signals.
[0079] Controller 150 shown in FIG. 7 may be an MSP microcontroller,

manufactured by Texas Instruments Incorporated of Dallas, Texas.

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

register 110 for an array of 16 LEDs 130, in accordance with an
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are shifted fromld to IC2 via the connection shown in FIG 8 exiting IC
at Q/S and entering IC2 at DS. [0082] Referring to the LED CTRL signals,
when L_SCuB2biove®337ow, all LEDs 130 are turned off. | n a&crarsdanoes«sth an
enbodi ment of the present invention, L_SCLR N resets shift register 110;

e, rapdodifidntw thd Breddtt Ifventi®98BhiRer&gicnse 1110 WeoAREetdPtH! G 9
which illustrates a waveform for activating L , In accordance with an

embodi regritrofiet 1S @ Vs ehe [FAY edTRENsighbGshdwn inIFIGL Bs IrtegustedtircGiR CTRL
signals L_SI, L SCK, L RCK, L SCLR Nand L EONfromFIG 7 . [0084] As

shown iICFdEves § L&D switchied AaviaogoitreSGbRdbhG ipyrsél-pulrdverfd dahbtédDs by
resetting shift register 110. At tinme t2, a bit value of 1 is entered into
shift rldgPsD&0 thru biDsihél andSntegratesheirevit 1812 daviescanothart8 ILESEK t he
data in shift register 110 is shifted one position further into the

regi st fWitghgs A yEwvcerspanding pugkaidl drivers wierratest LDt D§I8 Eimiy
register_110. After six L_SCK cycles, corresponding to tine t3, the bit

val ue dffA_Bddives at bit position 6, corresponding to LEDO6. A high L_RCK

LTIt T S R
o, 2 AR TR0 A S b, o
wWith t h"eegi?%l'ls%?geg"cﬁ Sﬁa%ﬁﬁoﬁgﬁ gﬁﬂ;ﬂha%gbgéﬁﬁﬁbﬂgl gre-5td %’C’aif?%%% TS 6,

ther eby, g RiFRgy o rh 58 3N YiahtHe c%he’t—:ﬁ@?ﬁsl’_{é\ﬁg{igﬁpfﬁ. g/ @xRithg qaes A .

[0085] | n distinction to the enbodi nent shown in , I n accordance
with angt Qo5 grbashteeivg e€2taepw.esent invention, four LEDs 130 are placed

in the four corners of a touch screen, and plural PDs 140 are
[0082] Referring to the LED CTRL signals, when L_SCLR_N is low, all LEDs
130 are turned off. In accordance with an embodiment of the present
invention, L_SCLR_N resets shift register 110; i.e., resets circuits IC1 and
IC2.
[0083] Reference is now made to FIG. 9, which illustrates a waveform for
activating LEDs, in accordance with an embodiment of the present
invention. FIG. 9 illustrates the use of LED_CTRL signals L_SI, L. SCK,
L_RCK, L _SCLR_N and L_EO_N from FIG. 7.
[0084] As shown in FIG. 9, at time t1 a low L_SCLR_N signal turns off all
LEDs by resetting shift register 110. At time t2, a bit value of 1 is entered
into shift register 110 by signal L_SI. Thereafter, at each cycle of L_SCK
the data in shift register 110 is shifted one position further into the register,
and a new L_SI bit is entered into the first bit of shift register 110. After
six L_SCK cycles, corresponding to time t3, the bit value of 1 arrives at bit
position 6, corresponding to LEDO6. A high L_RCK signal activates the LED
drivers using the data in shift register 110, driving push-pull driver
LED DO06 high, and thereby activating a respective one of switches A and
turning on LEDO6. A subsequent L_SCK cycle, corresponding to time t4,

advances the bit value of 1 one bit position further. A subsequent high
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arranged al ong the four sides of the screen, as shown in FIG 10. Wen an
LED 130 is lit, it projects an arc of light substantially parallel to the
surface ovothw/®si7een. The PDs 140 detect respective poPCIrarss010/0234b¢ s

i ght, according to the positions of the LED 130 and the PDs 140. The four

LEDs 130 F%@k%lgﬁat aceobesdtRe LIHTS dFR/Sagaar, diiBRtE Bit Biluebfestat such as
a finger, placéed over a portion of the screen, based on the |ight

i nt ensipositiofle? esiced Biy vidhee [IPs0 24Ppodifibhcd, theratst tmohgesn eADUY aeiat  of
the invention, the LEDs are inter connected with the topol ogy of a matri x,

and eadlurhing ofhbEDOGY viar espadtivea swiitpeds Ao an entire row or an entire
colum of LEDs. Such a topol ogy provi des an advantage in reducing the total
nunber [6083]/ o tordisdnctienrtegthe embaodienendy shedutimFIGhel c i BCOOrddiace

el ectronics. nthis regard, reference is now nmade to FIG 11, which is a
di agr aigh @mptmy @mhmlmmtrm&tfz@@rﬁéenbIrﬂmmoacfcwnLED@ 330atRince with
an enboql ment, of t resent ventlg FIG 1 hO\i\/S how 16 LEDs are
cont r olR'gge yndaen Fgmﬁﬁg doyRRIscreRn, £ urgl 5 44268 vrow

cacn vairaepgz dag e el el g SehsERoAS A G 0K WaCat cn
150 23!%%@_@05%8%395@%%%n"%’ﬁ#“ﬁﬁﬁ@ﬂs TRl ke R B st Shce T
0087] df1d 4cA00, | AEIBER 140G A1oBeLOVEORARTHS o thY fgneral | v

mat ri X Include an™ mx n array o on’nectors Il n

disti n“édc@?'dlriﬁ t@rth@réoélﬁ%sr@ﬂth %@[ﬁ &@?}Qr@ﬂﬁ@m 14@' ﬁ‘h% fotfr BEPR, It

wi |l be appreciated by those Skl| ed in the art that matrix 200 reduces
t henunbeg 0oduffideCtoNaeedhing BifkliscPee (c@Brdifbtee dftan dbject Uslich ki g reduces

t he cost of touch screen 100, since the IO connectors are a significant

part offifider, pplatedfovat arpation of the screen, based on the light intensities
detected by the PDs 140.
[0086] In yet another embodiment of the invention, the LEDs are inter-
connected with the topology of a matrix, and each I/O connector transmits a
signal to an entire row or an entire column of LEDs. Such a topology
provides an advantage in reducing the total number of I/O connectors
required, thereby reducing the cost of the electronics. In this regard,
reference is now made to FIG. 11, which is a diagram of an LED driver
matrix 200 for a touch screen, in accordance with an embodiment of the
present invention. FIG. 11 shows how 16 LEDs are controlled by using only
4 VROW signals and 4 VCOL signals. Each VROW signal controls a
respective one of four connections via switch 210, and each VCOL signal
controls a respective one of four connections via switch 220. Switches 210
and 220 are connected to respective pins in controller 150. Switches 210
and 220 are similar to LED switches A shown in FIG. 12.
[0087] Matrix 200 includes 16 LEDs and 8 IO connectors. More generally,
matrix 400 may include an m x n array of mn LEDS and m+n IO connectors.
In distinction, prior art LEDs required two IO connectors apiece. As such, it

will be appreciated by those skilled in the art that matrix 200 reduces the
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[0088] As shown in FIG 11, each LED is accessed by selection of a row and
a colum 10 connector. Four push-pull drivers are used for selecting rows,
and four wo=htop9eB37odri vers are used for sel ecting col umrsT/US2ddeseaat ed LED
is activated by driving the appropriate push-pull driver for its rowto

hi gh,  aigmidrvaMID idomriROPPFEGUReBUFBNPYrhndbl ¥EFNT OIn timh, aPlig FBdLiees Ow.
FIG 11 shows the second fromleft push-pull driver driven |ow, and the

second theopostopf posdth BaréenriO®) sirtedthey 80 tomectors raepe g mificant tgert LED
circled in FIG 11 is activated. [0089] I t will be appreciated by those
ski | | edofi the bdl af materialshe row and col um coordi nates of the LEDs are not
related to the physical placenent of the LEDS and the push-pull drivers. As
such, t[AE8YIEDs AdsshmwvnriecdbBlGo 1de, @hehiLER s/ aposssadbydselactioneef argw ar
matri x. [0090] | n another enbodi nent of the present invention, current
sour ce @tq Pef@luznB IGseannest@ad Feur puah-pull diverepse used it selestingr
enbodi nent of e present inyention, currept sink drivers are used instead
of pusrﬁoﬁlﬁrla@ﬁair}QHFéqusl “RWIRrYRE RER L@%ﬁ?"nﬁﬁ%f*%%“ﬁ?@%erﬁ i nvention,
sone of ,the sh- l drj.vers, are,combi ned with current sour drivers and
ot her o goIoRBLEA LRt 15 Aehivaben B\SeBOTuMBRR A Rart s pusk Ty friyan/Ers.
Iii. LE r . SW es . 0 : ' i ch
s a aibyranl B high i EQo.the holtoBHARE Bl BRLIREES S Rerkotior fE

pr esentj, NV ' élﬁ% hECAES = | Ie r LEDs
130. Trlgg\g E}ggg}l ri s\gpts? cont@orfoggﬁggﬂqgﬁgiﬁ \/\L/(’\i:]llrI #ﬁéér\’séﬂ?%PgB% éggccl:h of

the LERHH §&edr@ ftdrad8p pbER1pullldril &y it 8A%ensigh . U h%r#{éewﬁdmgw gwply

sufficient current to operate LEDs 130, swi tches A may renoved, and LEDs
130 may BEB chedéd Oh | FXG ders AativatddED sel ectors 160.iv. LED Current

Limters B
[0089] It will be appreciated by those skilled in the art that the row and
column coordinates of the LEDs are not related to the physical placement of
the LEDS and the push-pull drivers. As such, the LEDs do not need to be
physically positioned in a rectangular matrix.
[0090] In another embodiment of the present invention, current source
drivers are used instead of push-pull drivers. In yet another embodiment of
the present invention, current sink drivers are used instead of push-pull
drivers. In yet another embodiment of the present invention, some of the

push-pull drivers are combined with current source drivers and others of the

push-pull drivers are combined with current sink drivers.

ili.LED Current Switches A
[0091] Reference is now made to FIG. 12, which is a diagram of LED
switches A, in accordance with an embodiment of the present invention.
LED switches A are push-pull drivers that control LEDs 130. These push-
pull drivers control gates of power transistors in each of the LED circuits
LEDQOO - LED15. In systems where the LED drivers supply sufficient current
to operate LEDs 130, switches A may be removed, and LEDs 130 may be
controlled directly by LED selectors 160.
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[ 0092] Reference is now nade to FIG 13A, which is a diagram of current
limters B, used for limting and directing current to LEDs through VROW
and VCOLIwDromomas7dance with an enbodi ment of the presemRCTiusg@neznge As
shown in FIG 13A, a transistor 300 controls the current issued via VRONtO
the row LEDs 0 - 7 along the top of touch screen 100 (FIG 5), by a signal
denoted ROWEN N. Simlarly, a second transistor (not shown) controls the

current |ssued.wlaElycam-enthﬂmitbumBLEDs 8 - 15 along the ri ght si de of
touch screen 100, by a signal denoted CO._EN N. When ROWEN N is |ow, any

of the [Om]LEDReﬁbme:m nesporatengo FIG. 13 Whicteis st@iagtath o$ ceetent ssue
alight pulse. Simlarly, when COL EN Nis |ow, any of the colum LEDs
whose dunitespdhdused ot linitistg andrdigestisg aurvent tedtEDS sbueuah IVRBW pul se.
Transi stor 300 nay be a | ow saturation voltage type transistor, such as the
transi A é/G@hurrhaﬁgewrtge KpiEh g@ne mmts06¥ hepsergnhényanden. [6@93]

The magni tude of_fhe _current ated transi stor 300, and issued b
is det wadnA eé-@‘bo?strﬂp 'ft@& Cﬁé‘tr@é ﬁf?%'?fﬁﬂt 1S$ é’lﬁréiQWi m t

the i nith (R PUGRERS Ton APREreStR BT ESUe scrgnubel g, 5), Bya® 2V I
Fia 1unhHBRoted RaP Mo SlBHact ety HanSefar Tt ShoMtlea ror °
{N: {”ht ;%rﬁcggﬁdﬂﬁee%h‘éqltcl%ﬁéatvuéf’\/ééPStOt O LBILMRVEBRS YOP5 14 bR At RPT dance

right side of touch screen 100, by a signal denoted COL_EN_N. When

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

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

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

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

transistor, such as the transistors manufactured by NXP Semiconductors of

The Netherlands.

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

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

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

R2

L Vg3~
row R1

Ube

Where +3V is the input voltage to controller 150 (FIG. 6), and Ube is the
base-to-emitter voltage on transistor 300.

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

current sent of VCOL. The dotted portion of circuit 400 represents LED
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invention. As in FIG 13A, only one current limter is shown in FIG 13B,
recei ving input ROWEN and controlling current sent over VROM and a
simlar cworerwodimm ter (not shown) receives input COL_ENTAd10023429] S
current sent of VCOL. The dotted portion of circuit 400 represents
LEDcircuits, and the dotted Iine connected to the solid line corresponds to
VROW [d?ﬂﬁﬁls eathenddtted 1iFB copnecbeddeaihe/soliddieeStGiespsais te2, or such
ot her vol tage stabilizer, which has a contact voltage drop across it

I rrespedROVE. of the current flowng through it. As long as the current is
above a holding current, the voltage across D2 is constant. Resistor R
suppl i 46025]di o8bosum ieRIGNE 3B macbandgaptvatadestabitiner,sDd; of suchThe
constant di ode voltage, denoted by VZ, applies across the base of Q@ and
emtt eroth@gumlbage?ztalptbm%] V\W\@In has amqntacbvottang@da@m @ea0ss ithe vol t age
across R2, denoted by VR2, gi ven by = VZ - VBE, where VBE is the
base- eHTEQSEPreCGW@pOth@JCUrquh'éﬂ@FH'ﬂgéhr@HQhe'ﬁt R$ qulg anmﬁ)t:éaremt ISE, whi ch
is also the curret thro noted - VBE n?

=" w=sReYee 2 I@?&swg@léattheaxe 98e @%réﬁﬁéxlﬁ Nk ﬁi@%gﬂorfé# a gi ven
L rapel Buiioited b o8 kAR and 5 Hdes RlSeHE @g%tr%f"ses%t%? e tthecre,
cur rent oﬂstsngqﬂaaeﬁ)o%ﬁe deal e bR Ve sk HSEED G e

| oad. ¢ out 'S ttansrs 0 the
Early effaskr réE%téP%é current is constant and the circuit operates as a
constant current source. [0097] Provided the tenperature does not vary

si gni fipaeg]l . when!®adiit 400 is operational, the voltage across R2, denoted by
VRZ2, is given by VR2 = VZ - VBE, where VBE is the base-emitter drop of
Q1. The emitter current of Q1, denoted by IE, which is also the current
through R2, denoted by IRZ2, is given by

VR2 VZ—-VBE
R2  R2

IR2 =

Since VZ is constant, and VBE is approximately constant for a given
temperature, it follows that VRZ2 is constant and IE is constant. Due to
transistor action, current IE is approximately equal to the collector current
of the transistor, denoted by IC, which is the current through the load.
Thus, neglecting the output resistance of the transistor due to the Early
effect, the load current is constant and the circuit operates as a constant
current source.

[0097] Provided the temperature does not vary significantly, the load
current is independent of the supply voltage, denoted by VRI, and the
transistor’s gain, R2, allows the load current to be set at any desired value.

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

IR2 ~  IR2

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

VBE decreases. VZ is also temperature dependent; namely, at higher
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current is independent of the supply voltage, denoted by VR , and the
transistor's gain, R2, allows the load current to be set at any desired

val ue. Spwoiz2hioomBi7gy, R2 is given by D O = VZ - VBE ~ VzPCTAISGH0/0B%A29- | R2
Since VBE is generally 0.65V for silicon devices. [0098] VBE is tenperature
dependent; nanely, at higher tenperatures, VBE decreases. VZ is also

t enper alewh BeARARFBIENZ alkpnBliredies ABSUGTREFAIIHYOD0 i¥6cH Eyfatingeass. As
such, circuit 400 1s self regulating as both voltages grow or decline

si mul t dystdusbitagessyrow g detlimes sivauRahiealulsly  c@ssliany ivdd sapsta@ally 0099]
When issuing a light pulse, signal ROWEN is initially set to | ow

Capaci taynstant syodtagye MREZ. and begi ns to accunul ate charge. Subsequently,
ROWVWEN is briefly set to high, to activate the light pulse, and the charge
on C rl06%y acwﬁamngstyngmglqmtel:s@ﬁeescgnaia‘ﬁ@g&pE i isdaitinllyesetitedovhat t he
charge on O _drops. qui ckly when ROWEN is again set to |l ow. As such, the

pr esende@RACIEPLEd 1Sl alspdoubtandibeding tacacqumateceRaigre SHISRAUaRHY woul d

AT T T IR RS TR
C1 rises accordingly. The presence of bandgap diode D1 ensures that the
charge on C1 drops quickly when ROW_EN is again set to low. As such, the
presence of diode D1 protects circuit 400 from excessive charge that would
otherwise result over the course of multiple pulses.

[00100] Resistance R1 is given by
R1 =

VS -VvZz
IZ+K-IB

where IB is given by
IB

_I1c_ IE _  IR2
~ hFE(min) hFE(min) hFE (min)

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

that R1 is sufficiently low and that IB is adequate.

v. PD Selector 170 and Shift Register 120
[00101] Reference is now made to FIG. 14, which is a diagram of shift
register 120 for an array of 16 PDs 140, in accordance with an embodiment
of the present invention. The PD shift register shown in FIG. 14 is similar
to the LED shift register in FIG. 8. In contrast to LEDs 130, PDs 140 are
activated directly without intermediate switches such as switches A used
with LEDs 130. Shift register 120 is connected to controller 150 via the
PD_CTRL signal shown in FIG. 7. A description of the PD_CTRL signal now
follows.
[00102] Initially, the PD outputs are set to high. A value of 1 in at least
one bit of shift register 120 (FIG. 5) activates at least one corresponding
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IB = hFE(m n) KFE(mm) hFE(m ) and hFE(mn) is the | owest acceptable
current gain for the specific transistor type being used. The paraneter K
ranges beweeen/@3xzoand 2.0, to ensure that R is sufficipemtusgotoons4and t hat
| Bis adequate. v. PD Selector 170 and Shift Register 120 [00101]

Ref erence is now made to FIG 14, which is a diagramof shift register 120

for an pmmayseftidd itPsudg® 1o, aﬂ@@'ﬂﬂﬁ@@l@pm shyradl isM8xaft HEEK tofcdrtfolpsesent
i nvention. The PD shift register shown in FIG 14 is simlar to the LED

shi ft reg0sviersignaFPBROW or PDCOMLrast to LEDs 130, PDs 140 are activated
directly without internediate switches such as switches A used with LEDs
130. SH06103] egRetfelrericZaf)ls sovonmade ¢d FEGcasi, rwhidkr illLGOrates a hea\REOETRL
signal shown in FIG 7 . A description of the PD CTRL signal now fol l ows.

[ 00102]forrmctivating selrcted Bspin acaepedaede nithiaghembadimentoof then at | east
one bit of shift register 120 (FIG 5) activates at | east one

gor rkesﬂféi’r@éleﬁ@PDVQQt'@@ttFﬁ@ 13 'B‘éﬁétﬁ@tefﬁ &he useeopsignalpur!, s$@/falRCf/§, sent

5 PDROW PDCOL. [00103] R
rrggle Egséfér 8\!\@& &i’smgiﬁg't sfa ﬁ/av;[ orm for gctiva%i ng greleggteeldSPBsO\,N
i Fl G
11 nee AROBRAT B ho?0e s o S SELRC g st &y REYST Aoy @lngnaeaﬁ 7
00104 =)
o oar o HifttedEidr 20 19(5%?%%% s?y?ﬁé‘%@fv%@r"?ﬂerséﬁ%é&@éb%n FAURDEE 21 on
val ue ofy "Lt tﬂg&é&ﬁ“ﬁﬁg'&r‘ém& gc%gigt‘érfizr(fg'&t #?Qmﬁﬁgﬁfﬁq%rt‘f”g hi gh

edge of signal ata in regl ster IS s her into
the reglighgr S(}N"Cth% 68% ¥ ishiRl reQisterenporissHifteldrurtREr Mid ehefrebiter,

register” Arising high
and a new bit value is entered in the beginning of the register. A rising high
edge of signal RCK transfers data from shift register 120 into IC3 and IC4,
selecting or deselecting corresponding PDs, depending on the bit values at
corresponding positions within the bit string. Thus, a first high RCK signal
selects a first PD based on data in shift register 120, followed by an SCK
cycle shifting the data in shift register 120, followed by a second RCK signal
that deselects the first PD and selects a second PD based on the shifted
data. Thus at time t3, PDO6 is selected, and at time t4, PDO6 is deselected
and PDQ7 is selected.
[00105] As described above for the matrix of LED drivers shown in FIG. 11,
a similar matrix of PD receivers may be used in embodiments of the present
invention. In this regard, reference is now made to FIG. 16, which is a
diagram of a photodiode matrix 500 for a touch screen, in accordance with
an embodiment of the present invention. Matrix 500 as shown in FIG. 16
includes a 4 x 4 array of PDs. In general, matrix 500 may include an array
of m x n PDs. Matrix 500 requires only m + n IO connectors. In
distinction, prior art systems require two IO connectors per PD to scan a
plurality of PDs, and thus matrix 500 represents a savings of 2mn - m - n

connectors. Each PD in matrix 500 is accessed by selecting an appropriate
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edge of signal RCK transfers data fromshift register 120 into IC3 and | 4,
sel ecting or desel ecting corresponding PDs, depending on the bit val ues at
corresporiDrglop®si7ni ons within the bit string. Thus, a PCTAS20004934RCK

signal selects a first PD based on data in shift register 120, followed by
an SCK cycle shifting the data in shift register 120, followed by a second

RCK Si o cbh@a%cﬁ‘@rséhﬁcéﬁ atd”rtﬁ’obirfa‘-té di’fpuﬂﬂﬁl c@ﬁ'n‘é@:tér,accﬁﬁé%dnﬂ’m @éQHeQn t he
shifted data. Thus at tine t3, PDO6 is selected, and at tine t4, PDO6 is

desel eqioed amndcHIROTN\af tded POt.ed. [ 00105] As descri bed above for the matrix
of LED drivers shown in FIG 11, a simlar matrix of PD receivers may be
used i rf0eHisddi Shoven of RIG. h6eaenfouniteta-ibanalog swiichase54:10j,anéffeuence i s
now made to FIG 16, which is a diagramof a photodi ode matrix 500 for a

t ouch gaustemull driyecd 5SRO cAnalog awitehiesdd kPnaretiseddopseleeha roweanidon.
Matrix 500 as shown in FIG 16 includes a 4 x 4 array of PDs. | n general,
mat ri x RO dAvens S 20 arerusedto hstedt proplumil r iFerstrch agalo@ svWaky m +

110, RABT e A 3R S RSB0
PSS L 2 il SECRO: S50 0.0 L
commecheq L FFERTHh gl y1RR oSBT ESLATR i 1or S bl pciaye
220 MR SHAGICSRRCS1D SV SER L eidnd o RUSHRH Ve

connectsriy DR pLiBR - Bl o nRICEH PR 5 2P B Givd IdPiViR§ &héeFelafsingoni cs
530, including an anmplifier 540 and an ADC 550. Openi ng one of anal og

swi t chesorirldrtbes teddgheserslesctio s6lees drBlcEnd duluiimy Fdremiz@ARi 00y swi t ches

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

corresponding to the active row and column.
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Driving one of push-pull connectors 520 | ow and driving the renaining
connectors to high serves to select an active colum. For matrix 500 shown
in FIG MO 2twsmeond fromtop anal og switch is open amdTiuseowoesag from

| eft push-pull connector is |low The PD corresponding to the active row and

colum is showgjoppDCReddivergirag 500. [00107] | t wll be appreciated by
those skilled in the art that the row and colum coordi nates of the PDs are

not rel[@oEM]t oIh kzcphyanhcelwithanabenliments f thies peasdauictvestticre nmil€iplerhe
row and columm coordi nates are only used for controlled selection of the

PDs. [ Gsmrf8juratiorecape diasceibsidt heegineiordRD mexakivarst ine g mastle iouchvsaoreenn,
each PD receiver includes a photodi ode 560 and a bl ocki ng di ode 570.

Bl ocki rit00i oz eashocenfégusadipn othe Sleattplikiuseanteamanategrtaeiigitadr i ng

di odes 560. According to an_enbodi nent of the present invention, bl ocking
di odes ®rveiter (BDackhardb Ccmatehesdhe expedackadtridt Bapaei eRAJOS ype

di odes. [00109] Further according tg an enbaodi nent of tP]eagresent

i nvent i HEPUHENES fﬂbfg%!& FOER %go'ﬂﬁgpr@rr'?vetpsa@‘éﬁ‘@rs dheaeuraryPlor equal
to th | +V/ t i | ect ' 53Q. A slightl ' | t
w1 e oo Sree Tt P HePERES Fia ot e tniE octis acfutaonel thetigE. o 2%
bl ocki i qd 7 i : t.e, ' | ode of
the_po PLEUT, T B PO eCelvn EFHIFFRTORIF AetEE st o Hifke bRrebBteERE Ver s
140 [ O . W | esANi A [conN,

mul 1 pla ot NORTEET BRBEE SigtAl (REEAICRE RehcPouc RS0 268 tha BRI ¢

touch spr&gmtdPEirduif u%éﬁ"toc?ﬂ;é ?Hﬂastérﬁﬂle POECRE 4N It E8teF8RoritPoRer
| t ADC). The ADC

anal og-to-digital converter (/ mat ches the expected out put
range, B50, iRl 03} PHé typeAss Sighlae fitdr ot anaphfiet icraiat Ueadt o anpt her. The

accuracy of touch screen 100 epends to a | arge extent on t he accuracy of

t he ADJ00112] Regarding (1) the number of PD signals that enter controller 150,
in a first PD receiver configuration, the PDs along each edge of touch screen
100 have separate outputs. Thus, at least one circuit is provided for PDs
that are arranged along one edge of touch screen 100, and at least one
other circuit is provided for PDs arranged along the other edge. In this
regard, reference is made back to FIG. 5, which shows all PD outputs along
one edge channeled into signal PDROW, and all PD outputs along a second
edge channeled into signal PDCOL. A capacitor and a biasing resistor are
coupled to each of the ADC input signals to control the current and to set a
voltage amplitude range.
[00113] In a second PD receiver configuration, a limited nhumber of PDs are
connected to each ADC input. PDs may be grouped, for example, into
sections of up to four PDs per section. Each output thus integrates four
PDs. An advantage of this second configuration is less capacitance and less
disturbance from non-selected neighboring PDs.
[00114] In order to further reduce capacitance and disturbance from non-
selected neighboring PDs, an embodiment of the present invention adds at
least one multiplexer that outputs only the selected PD signal. In this

regard reference is now made to FIG. 17, which is a diagram of multiplexer
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[00111] The PD receiver configuration is determ ned by three paraneters:
(1) the nunber of PD signals that enter controller 150, (2) the type of
i nt egr at owocbroosi7oused to bias and sanple PD current a®CiriuSenosesi29

controller 150, and (3) the type of signal filter and anplifier circuit
used, if any. [00112] Regarding (1) the nunber of PD signals that enter

controlipn, Wiichi dpérdtebsds BIPD &ARIPYRseteaidrg i dicdceRdah b€ vilbs & ong each
edge of touch screen 100 have separate outputs. Thus, at |least one circuit

i's prowreddimeftsf tHaprasentaimantich al FIG. d7eskdes io tparatiebcr een 100,
and at | east one other circuit is provided for PDs arranged al ong the ot her
edge. Imultipilexersdb? 8, whitbreaderéceivedecight PD sighdls &5 inphitglardhows al | PD
out puts al ong one edge channel ed into signal PDROAM and all PD outputs

al ong OYEEsSalgnFaHPUEFSIgRab dsgaascripaiherairzipae vwth agferernseasi ng
resistor are coupled to each of the ADC i nput isiﬁ%nal s to control the

cur r enttoaRlG: &,dldte BDyeviRWeisapiRGasses pysignal tiderspnd amplifiersnti7 bp
T R
cont i gt Ar GacReMlibioleke K EHCEER 17 dialtRiartdls BNEB Fdtha 0 corod
G s ur and Fiter b obfifief 1 tigh® e ARert S BTARRG, 19 B8 Wed,
ol gnal OURIEATRE deel IRIE Sl B FIR, 1 2%0e s X ¥nbes BRI ™

di agr aragitronet 1@ X®hldH ardtiHdwRRe tHeSFight of fHe autid lise! agmr, in

accordance w th an enbodi nent of the presént invention. Fl G 17 shows two
par al | edorfipbhiepitexsterddilto vbhbivlleachs0ewehichsaghedt tBheilgftadftiae i nput,

and generates a single output signal. As described herei nabove with

r ef er erdatted line. Controller 150 includes a multiplexer 151, which connects to
an analog to digital converter 152. The signals entering multiplexers 171
from the top are control signals from controller 150. Each such control
signal uses three bits, to control selection of one of the eight input PDs. In
general, n control bits suffice for controlling selection of up to 2” input PDs.
[00116] In addition to the three control bits used to control selection of the
input PDs, each multiplexer 171 receives an output enable control bit,
OE_NOT, from controller 150. When OE_NOT is set to zero, the PD driver
outputs the selected PD signal. When OE_NOT is set to one, the PD driver

outputs a high impedance signal.
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to FIG 6 , the PD output is processed by signal filters and anplifiers
175. For a touch screen with 64 PDs, in a configuration using eight

mul ti pl exwo=0bd3s7each mul tipl exer taking ei ght PD i npuPCsiusa@ios2ang
outputting to a signal filter and anplifier 175, eight such filters and
anplifier 175 are used. [00115] The dotted |line shown in FIG 17 separates
conponqphF17] Nt TABLEIPsGATMERIZcRr tHED [bgitdl #ibar8uEhdFelbgion3aips aBkdof the
dotted line, fromconponents external to controller 150, which appear to

t he | efwithfeadte POoii@dipléxer 1@t rol | er 150 includes a nul tipl exer 151,
whi ch connects to an analog to digital converter 152. The signals entering

mul ti rexers T7FABLET 6yt ANnAGE oGBBIY @iathd it Forl POTMERIBIGAILET 150 Each
such JdOEEEDESEORaTs 8 5 i} I o B <Y ol 8 0 0 ¥ 90 ) (SN ' oV S MR 4 00 8 2V SR
ei ght |(@@ntrobiit 1 thﬂIﬁPl Bllt 2| Contrel Bt 3< QENOT f[o rnantPHitnn

sel ectli®n of up tolfn input PDs|0[00116] | n @ddition |tI@lthe three contrhl
bits ydked to controbD selection pf the input |PDs, each |mllghZpl exer 171

recei Jes an out put |@nable contrpd bit, OE NJIQ from cgrnRol | er 150. \Wen
CE_NOIis set to zepo, the PD dfpver outputs|ihe sel egtgighPD si gnal . Weh

CE_ 0s set to one, the PD drfjger outputs jgghi gh I negance signal.[00IfL7]
TABLE 0 sunmari zes qhe- |og| cal pur-output el ationsmmahgsed W th each| PD
mul ti grexer—171: [JlfJ.J.b] —t—wi be—apprecrgged by tHosg SKi HedTm [ne
art t af the—fi+rstand——second—cppfigut aLIUIIquWith ane— ZUUL opt+at

mul t i gkexers—3++—are—based—on ov-ei-rg—PBROM-and—PB stghal-ss—each

si gnal Q‘;orrespondi 1% to—a-sigha 1g°n°mf' Ag—ctHcui-t o toa plurality o

si gnal -QJpnpra'ri ng cFrcuits [ﬂﬂ11Cﬂ | _n_accarHance witiHlig Z QF\(‘OI"I(‘I
confiduration, sephPate current|integrator cefls are dd€bgned to subgroups

of collum PDs and {8 subgroups pil row PDs. H 1., one duligbdt integrator jmay
be asqigned to eightt PDs. | n this enbodi nentQ rnultiplidniznputs to
1
0
1

contrqdlg er 150 are|provided, onglinput HighZ
1 1 1 In8
1 1 1 HighZ

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

si gnal s twocomwmsser 150. Specifically, the eight i npuPSTASRIPD2RDN 1,

PD ROW?2, PD ROW3, PD ROW4, PD COL_1 , PD CO._2, TOUCH SI GNAL and
TOUCH SI GNAL_2, where TOUCH SI GNAL and TOUCH_SI GNAL 2 are used as PD COL_3

and PD COL_4, wﬁpqnpl(\zgh-yeml;[nt@a@trdrej]gd ntegrator 180 [00120] Wth
regard to the type of integrator circuit used to bias and sanple PD current

as it q00E2§ cwvithoklgardtolthes eype af intégrateticicuibabedwoabiagnendnd net hods

of operation are provided. [00121] According to a first configuration, each

of t he RINpEAPEndurientRs CCknkdrgneortreleediS0, severalldlberreidva s coupled to

a biasing resistor that sets the linear anplification, and to a capacitor

that i manfiguredianseard metheds ofvepenatian arerprovidedegard reference is now
made to FIG 18A, which is a diagramof_a re5|stor-based current integrator

180 usd@onﬂcoﬁFGﬁE‘ﬂ'P@ntQ/\ﬁtﬁ'be@qnftQ,iir\%W 12ach Rf £hedtlen REWeand fb@, in

accord th an enb di.ment of sent i nvention. The dotted |

Shown (PO FCAL SERAS RTEBY o lanaB 6 is comaed docoMaTnOersITor tateh

are sho ther| t.he dott dllne fro nent.s

Cont r ol 3k ecligat m%f'ceaaﬁl%apﬂ 3 ettt S RERe T s THeoBR52

Accor di c [ r r % nd a

frbht ByRERRE. COTthALFAIAA e dtenPEAS i SHEL Fis. I FARY Sthich

transis 'S used to'set a range nthis

regar dis T LHRIFAER diS PUSTBADASR I LiirekRBnt iiABr i£88 ULADIAELAfudction

transi stor current I ntegrator N conj unction
recei VeghlEl ridtedydrRULA0SH 840 utflscried 2t 00, danscoomdahcenwambadi ment  of

t he present invention. The dotted Iine shown'in FIG 18B separates

conponesthbodiin@ntadf the peasent Irverithdn. Whe boared fihevshdwntiheFIG. 18A
separates components internal to controller 150, which are shown to the
right of the dotted line, from components external to controller 150, which
appear to the left of the dotted line.
[00122] According to a second configuration, the biasing resistor is
removed, and a transistor is used to set a voltage amplitude range.
[00123] In this regard, reference is now made to FIG. 18B, which is a
diagram of a transistor-based current integrator 180 used in conjunction
with PD receivers 140 in a touch screen 100, in accordance with an
embodiment of the present invention. The dotted line shown in FIG. 18B
separates components internal to controller 150, which are shown to the
right of the dotted line, from components external to controller 150, which
appear to the left of the dotted line. A transistor T1 is located within
controller 150, and is used to efficiently control current sampled by a
selected PD. In alternative embodiments of the present invention,
components external to controller 150 are used to control the current.
[00124] When transistor T1 is open, capacitor C charges, and integrates the

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

szC-idt
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right of the dotted line, fromconponents external to controller 150, which
appear to the left of the dotted line. Atransistor Tl is |located within
control | ewOoRB0/09357d i s used to efficiently control curreoct/tsamploesd2zdy a
selected PD. I n alternative enbodi ments of the present invention
conponents external to controller 150 are used to control the current.

[ 00124]wkentrianaisto?t OF isltldsedoR&IbackReCidisth&rddaraifs thansbltayeoveires the
current, /, flow ng through the photodi ode. The voltage over C1s given by

v =\ dsirediucedWee0 vaolesisilst orded to ebthipsa precipamdasuré of Hedaugesnt, and
the voltage over Cis reduced to O volts. | n order to obtain a precise
measur ehef samngle wrrceho)d {BgHg atpheeranich REGd 1 &B/is/Jisehanged befioFd Ganig@e i s
di scharged before sanple inéfe‘%r_ation begins, and S/H is open through sanple
i nt egr dhtegration beginst and bl opent thnonghnaamipletiotegrptien titvaveln er ADC
in FIG 18B is not active duri ng I ntegration ti rre.épOlZSé | n an

al t er ndhiy erergdimaeht thespnaleg éofdigjal eanvertinpPs it Fife 8B istnohe

i ntegration perijod, W thaut nlgrevi ously having discharged the S/ H internal
capaci t#t/e AURIng,|"egRBHaNEME: t here may be a voltage differential

bet wee capaci t of,_asspci at e .th S/ d the.integrator circuift.
0126 ToDLE PR A AlteBRaR i a R Pb b rte oL £ORAONEST 18I pBIE 6 therrent s
il lustr ip _t. | gL ej F t i

st LR e AL IR SR SAOELL B e oD
i's now;pp&is : : - i g rabhbBE, in
accor dalnce vélﬁ:ndazfn%%oﬁodilwngﬁ? %ﬁ%%@éﬁ#ﬁ%ﬁé%t%% 6%!}5@%0%%{%“:—[?%

19, whesetaasitREPapHcitcr ds8teate withS/FLUaREthd ThtEaPREIrH GFcéiti s reset to

zero. Wen transistor Tl is turned off, capacitor C bégins integrating

current[00V®y] tAgEndidteteasteinaBol eUsitth Feference to controller 150,
elements illustrated in the figures as being external to controller 150 may,
in other implementations, reside internal to controller 150.
[00127] Reference is now made to FIG. 19, which illustrates current
integration over time, in accordance with an embodiment of the present
invention. As shown in FIG. 19, when transistor 71 is turned on, the
current in capacitor C is reset to zero. When transistor 71 is turned off,
capacitor C begins integrating current over time. The measurement used is
the current value at the end of the sample window.
[00128] The transistor-based circuit offers several advantages over the use
of resistors for setting the linear amplification of the PD signal. The
resistors have a higher bias to low frequency noise, such as ambient light
and, as such, the ambient light is amplified more than the light pulse.
Moreover, the system measures the ambient light sensed by a designated
PD prior to issuing a light pulse from a selected LED, in order to establish a
baseline value. Thus resistor bias to low frequency ambient light amplifies
the ambient light measurement more than the light pulse measurement. By
eliminating these resistors, the system registers similar levels of bias for

both ambient light measurements and light pulse measurements.
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the current value at the end of the sanple wi ndow. [00128] The

transi stor-based circuit offers several advantages over the use of

resi st or swobaniw®si’ong the | inear anplification of the PPCIiUusaaio/o23ibe
resistors have a higher bias to | ow frequency noi se, such as anbient |ight

and, agoe1y), ARRtREPIRIVanthgBlof thafRindistf-BasEd it Rethatdtie pul se.

Moreover, the system neasureS the anbient |ight sensed by a designated PD

prior tresistous g thel tegistoplddtiuratians e @diredohgBr timedrgdesnipletsiyabl i sh a
basel i ne value. Thus resistor bias to | ow frequency anbient |ight anplifies

t he andisahbaideybetweasunsaniremerets, thant transisibr Tl $a tueas thisrenabldly
elimnating these resistors, the systemregisters simlar |evels of bias

f or botuseapbisberten igitervaladietwyesn snaasureérgentp @f seiaeeasivieeRPst as[well29]
Anot her advantage of the transistor-based circuit is that the resistors in
t he r eSS PEEWEBRHT FURAESSI \hneasgiiianeentn g€ thei samedPRonds) PaEliGUlrs dhar ge
bet ween meas_uremerﬁ)a than transistor TI t hi s enabl es use of

o turn,
shor t erCaSESelfyWNICIh & SetESsEvR N AERBSS 0SS aaan@wtng)@,r QeLetyChys
be_tvveen succ ss!ve neasuregents qf ,.th ane DD, | n eErticlu.I ar, i.n ses in
whi oh w@aecﬁgewepfﬁv'géﬁse ;|aegeﬁaa%sf’vefﬂn9 disnarge BitRbrekisaratire ¢ han
3, B eiaON, FBehArd kAL RIS BREARORLILGE B ehs ALEPESRE Ritt! Y,
resi st chheCRéHVi\;]Q}F @c%r‘li‘?é‘&rat}_cms? Wrﬁ?@%]aleﬁn%%\? mé8 ih'lﬁet frarsistbpr based
I n ich th s are e t he

circuit, e’resi stor I M nat ed. Si nce current

Measur iR LR clitISAW Mich ROt asi8EbIaVSFe bIiffinatedh Sindel the eghdyal current

present I1n the measuring circuit, the transistor-based circult requires

uni f or rn@R8EHETEht iBtIRT&M® ¥ intsgratied oveH Sntdniviteunatle easideaVicuesemt eci se
timng to ensure that the neasurenent be integrated over the sanme anount of

time. Ipresdingtinrthia nreasurang casust, dhe aesisted:-bdsmrhueultheyqudres | nherently

| ess precise, sanpling has |less stringent timng requirenents.
uniform measuring intervals. As such, this configuration requires precise
timing to ensure that the measurement be integrated over the same
amount of time. In distinction, when resistors are used, because they are
inherently less precise, sampling has less stringent timing requirements.
Clock jitter, for example, impairs performance of a system with transistor-
based circuits, more so that for systems with resistors.
[00130] Reference is now made to FIG. 20, which is a simplified flowchart
of a method for PD sampling, in accordance with an embodiment of the
present invention. The method shown in FIG. 20 relates to the transistor-
based circuit of FIG. 18B, used to sample PDs.
[00131] At step 1000 all transistors, T1, T2 and T3, are turned off. At step
1005 a PD is selected by turning on transistor 72. At step 1010 the S/H
circuit is opened, and transistor T1 is turned on. This causes capacitor C
and the capacitor inside the S/H circuit to discharge. If the S/H circuit is not
discharged, then residuals from previous measurements may arise. At step
1015 the S/H circuit is closed, for holding. At step 1020 transistor 71 is

turned off, in order to begin current integration. At step 1025 the method

waits a designated amount of time, such as 10 ps. At step 1030 the S/H
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Clock jitter, for exanple, inpairs performance of a systemwth

transi storbased circuits, nore so that for systens with resistors. [00130]
Ref er encewO=20rvoa33made to FI G 20, which is a sinplifiedpPCrasedanessd a
met hod for PD sanpling, in accordance with an enbodi ment of the present

i nvention. The nmethod shown in FIG 20 relates to the transistorbased

ci reul tejpduifisSopbdRd. upeGtep $OBB thé’ReetHdW Wits for at aRadtOHE Ahinimum
transistors, Tl 1 T2 and 73, are turned off. At step 1005 a PD is selected

by tur ramouent dff tnsd seéquiréd. byAthetSfH tirtuit; he.gS/ i g$.r Al $teps 10k ¢He and
transistor Tl is turned on. This causes capacitor C and the capacitor
i nsi de $At¢ cB/dittis cloised) @andl Hudangdog Itof dighia| SoHversioun beginsiot di schar ged,
then residuals from previous neasurenents may arise. At step 1015 the S/H
ci rcui t[00B3241 odéstepctOAS tiamgistar Kt éptu onanBigder t disshangaed of f,
in order to_begin current integration. At steg 1025 the nethod waits a

t

desi gndiaRRGRTUAL AF Steprd 08Qdheamethogswaits Lusplorod® eABAGtPEfeEui t i s

P e hatshy At sren OBE ehe it 1S tiifedion, &Y Sutpneoap TRBSGER! 4 cui
1045 ¢ AORGG oft HePoRORR, barSistor 7 4 IS Bt dRob S A 1BFER UG o1 o
the Len TSRS iENt S AL TRpl B0 he HBtho dinaits 16t pdaBharch FHhBRrERE®

St o 1008y Benerally R sfile e BTELR Bk ILedh 025, | SEESIETTE " e

sane argume foF gbirfﬁ?'rﬁ‘én&é‘. %teﬁte}fpigﬂ@ttﬁé 3A9%iritA8pEARdPEThar mance. At

step 1070 the S/Hcircuit is opened. The conversion fromstep 1040 nust be

ready assh\adreld froth steppl 040 nhist betreedywant sstbeed atAt sesi 1IGTES rthel mum
anmopunt of tinme required by the S'Hcircuit; e.g., 1 ns. At step 1080 the
S/ H ci rraethodswvaiteSed atdrdst bliee anatiooutnoamount of time required by the S/H
circuit; e.g., 1 ys. At step 1080 the S/H circuit is closed, and the analog to
digital conversion begins. At step 1085 the LED is turned off, by turning off
transistor 73. At step 1090 transistor 71 is turned on, in order to discharge
capacitor C. Finally, at step 1095 the method waits 1 us for the capacitor
for discharge.
[00134] In accordance with an embodiment of the present invention, steps
1000 - 1095 of FIG. 20 are repeated several times, e.g., 5 - 20 times, in
order to obtain a plurality of measurements when the LED is on, and a
plurality of measurements when the LED is off. The background ambient
light is then measured by accumulating values when the LED is on and
subtracting values when the LED is off.
[00135] In this regard, reference is now made to FIG. 21, which illustrates
measuring ambient light by summing pulses when an LED is on and
subtracting pulses when the LED is off, in accordance with an embodiment
of the present invention. In terms of samples A thru J shown in FIG. 21,

the accumulated signal is B-A+D-C+F-E+H-G+J-1I. A signal to noise ratio is

given by
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digital conversion begins. At step 1085 the LED is turned off, by turning
off transistor 73. At step 1090 transistor Tl is turned on, in order to

di schar gewoapeaiosn C. Finally, at step 1095 the net hodPaaiusgoiv/ons2d or t he
capacitor for discharge. [00134] | n accordance with an enbodi ment of the

present invention, steps 1000 - 1G95 2f51é:,lli§3 20 are repeated several tines,

e.g., 5- 20 tinmes, in order to obtai -ty al ity of nmeasurenents when the
LED is on, and a pI urality of meadlur mogsethen the LED is off. The
background anbient light is then nmeasured by accunul ating val ues when the
LED i s Owe sighalustacatmutpted basediematvaitag®metrig that gDasgjuarenot hi s
regard, reference is now made to FIG 21, which illustrates neasuring

anbi entpCPVIV@ﬁt Ttﬂ)e QIR @asgm@wammaa. HQ’_VIZﬁ" @W'%Hﬂﬁ%@oﬁ%éﬂ“ﬁ@e rb’@p's'es
when t he

n accordance with a odi ne th esent
 nvent (&g VHFt?QrerrsI’bﬁa%n%lee%'gNaﬂ i 1 B atE, leog kanpene BREKEESURE! at ed
si gnal &H:Etﬁ l§ G+J- | signal to noise ratio is given byS signals
noi se é F&n |§’C &%ﬁ%luéﬁ d based on a voltage netric that is a

§b BT I wl'“iog{‘ﬁééﬁeé'?t B SR sggﬁﬁftih%”f‘%tﬁégt&ehan
;pgregl a%g%gatﬁﬁggé rgé In%((gjﬁlﬁéa%ﬁéeg ar %’%Héqﬂﬁee'[ rgrg%hoL oftF\IMG 20eaffords

many advagt agggk dv@&tlﬁ'%é’t&ééﬂ Pheddur@mentd! bf diffardPPRL MRS HBASSE@MENT S
of different PDs, and short settle time; substantially équal anplification

of backgrourtq}n(ee\C) and |ight pul ses
e substantially equal amplification of background (AC) and light pulses
(DC); and

e ability to measure pulse trains.
[00137] In an alternative embodiment of the present invention, integration
and analog to digital conversion are performed in sequence. This
alternative embodiment has the advantage that the capacitor in the S/H
circuit is discharged prior to each current integration, providing for more
accurate measurement. Thus if this alternative embodiment is implemented
using an ASIC, then the integrator and the S/H may be in the same function
block. However, if analog to digital conversion of a first signal is to be done
simultaneous with integration of a second signal, then the integrator and
the S/H should be in separate function blocks.
[00138] Reference is now made to FIG. 22, which is a simplified flowchart
of an alternative method for PD sampling, in accordance with an
embodiment of the present invention. The method shown in FIG. 22
relates to the transistor-based circuit of FIG. 18B, used to sample PDs.
[00139] At step 1100 all transistors, T1, T2 and T3, are turned off. At step
1105 a PD is selected by turning on transistor 72. At step 1110 the S/H
circuit is opened and transistor T1 is turned on. This serves to discharge
capacitor C and the capacitor inside the S/H circuit. If the S/H circuit is not
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(DC); and ability to nmeasure pulse trains. [00137] | n an alternative
enbodi nent of the present invention, integration and analog to digital
conver si omoarw/qashor ned i n sequence. This alternative ecibaseemmnedsbas t he
advantage that the capacitor in the S/Hcircuit is discharged prior to each

currentdisahgeded | @en Pé@M‘u‘é‘l@@rérﬂrpféifléué“?ﬁéé@hﬁemgrrﬁﬁ?rﬁrlsé'h% stlep hi s
alternative enbodiment i1s i npl emented using an ASIC, then the integrator

and thel 18 thy nbethiod Waits angs fomneihé eapicitok.toHdisekharge) fARSEPYI 120
digital conversion of a first signal is to be done sinultaneous with

i nt egr drangisbér A Isiscturdesl gifalto bdgin dcureenbiegggiationandttdtepSL H2Ehthwk d be

I n separate function blocks. [00138] Reference is now nade to FIG 22,

whi ch imeshednpaitsiae designvatiedr amefurinofatinee natg.v el rpshofit step AL3QrkhE ng,

i n accordance with an enbodi nent of the present invention. The method shown
i n FI GS/4% cirquik issclosedhand e ieseded saségital comversiornFbegingpAtuden t o
sanple P 00139] A st 1100 all transistors 2 and 7

t ur ned ’o?[-)% éiie &%45" ffD’F%e SONYENI®™ %rﬁﬁ?ﬁg}%ﬁa%ﬁ@ %8Fe 72. At
step 1 H,cir nd tran tQr r ned h
serves RIS ﬁﬁé&@pcﬁﬁﬂh {BroESaR o £ i tuEEE P 20 disrharg e a8PRdr Gui ¢ 1
f the e

neasué#mhé% L=ty Aéﬁéﬁéﬁgﬂaé%ﬂ%ﬁt@ﬁéﬁtﬁe‘a @&Vm% the

C t t 2 b
cﬁlrofglntégpat egra B?sfc% tgéf eﬁ\E %g(}%%tﬁsebm% -Usrng%ld@;f{ Bﬁqt ed a b&nt eg:c "
time,; 9cr8nsus%8r 'T‘S AE s%ésplisgotﬁa*ﬂ%ébi" 7. FsCHanécF off, %elﬁ'egﬁlﬂg ﬁé\ﬁ anal og

to digital conversion begins. Al step 1135 the method wait3 for

e e e e e 00 imisnad e 7
step llathoum ofetihee gendallly tise kamé @nount of time as from step 1125.
Step 1160 is done for performance.
[00141] At step 1165 the S/H circuit is closed, and the analog to digital
conversion begins. At step 1170 the LED is turned off, by turning off
transistor 73. At step 1175 the method waits for the conversion to
complete.
[00142] As with the method of FIG. 20, steps 1105 - 1175 of FIG. 22 are
repeated for a plurality of pulses. Values when the LED is on are

accumulated, and values when the LED is off are subtracted, in order to

measure the ambient light.

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

controller 150 via the TOUCH_SIGNAL signal shown in FIG. 7. A similar

33



capacitor to discharge. At step 1150 the LED is turned on, by turning on
transistor 73. At step 1155 transistor Tl is turned off, to begin a new

i nt egrat iwo 2010m®@aar ement . At step 1160 the net hod wai t #Ca/usesiogesed
anount of tinme, generally the sane anbunt of tine as fromstep 1125. Step
1160 is done for performance. [00141] At step 1165 the S/Hcircuit is

cl osed,cigfiflt {ABt amalvaY), Ligsel 8ot RDSCOPERIgEAaIdMRPLING otAkr dL¥t8uthe LED
is turned off, by turning off transistor 73. At step 1175 the nethod waits

for thesateanel000mprocesssd carment] ioikd 2 séiected roheDyediddendsiAihe 20,
steps 1105 - 1175 of FIG 22 are repeated for a plurality of pul ses. Val ues
when t heutipEd durrent &o eccatcoltert 1501 viawmevaf tlee RiheROWen Idiinaks stidwarie
subtracted, in order to neasure the anbient light. viii. PD Signal Filter
and AngFIGi & 17shipemizpdiphertsBieoremaining A9 1RO Yhandye 60Ispignalstil ter
and anplifier circuit used, if any. FIG 23Ais a circuit diagram of signal
filter ai’rf?dn@h'bllsﬁfji- eAd@'ﬁl‘prﬂ%bﬁ'tﬁb@mn’lsFP'rfbﬁfg@dcﬁlltérﬁedhi@%&‘dﬁe%ﬂ’[i%uch
screen i n_accordance wit

00, h . di t of the t in ti . Th
e ot alo80 e Sda4 SFE Gralined Pp SUBGToU RS (esePEEb0rE WD TesDRGE

a1 it (17588 FEoERiat iy J#E%%’Sflﬁ“%mérc%%?ﬁf{ Qg F@QEEPIWELOEEO'
in FIG . i ' | t
ot ner ik PH-CRRIBREILAE bsb® s BRBUTEy Wi AenflmiEey, & AERORHESYY, po”

and se d8fePYl5ryt current to controller 150 via one of the PD_ROWnN
signal s shown in G 7 . | n this enbodinent, the remaining PD ROW and

EEESO_ Mggﬂéﬁgsgﬁgﬁciﬁéﬁit@h‘%ﬂvn MELGO2ZA indlLBesaWb MRl dn@arfplifigkts are
g one edge are grouped into subgroups as descri bed above

wi th regsgeet One path ends at TOUCH_SIGNAL in the middle of FIG. 23A, and
another path, which performs a second filter and amplification, ends at
TOUCH_SIGNAL_Z2 at the right of FIG. 23A. In one embodiment of the
present invention, both outputs TOUCH_SIGNAL and TOUCH_SIGNAL_2 are
connected to controller 150, and firmware running on controller 150 is used
to select one of the two signals. In another embodiment of the present
invention, only one of the outputs is connected to controller 150.
[00145] Signal filter and amplifier 175 includes passive sub-circuits that
have two resistors, such as resistors R10 and R11, and one capacitor, such
as capacitor C10. Resistors such as R12 and R13 are pass-through zero-
ohm resistors.
[00146] PD_COL connects with the ADC input via resistors R10, R12, R13
and R14, and via capacitors C10 and C11. According to an embodiment of
the present invention, capacitor C11 is a zero-ohm capacitor. The signal
level is set by resistor R13 and capacitor C1. R13 sets the voltage
amplitude range entering the ADC, and C1 integrates the current to
generate voltage input to the ADC. According to this configuration, the
signal does not have to be biased to within a predetermined range, such as

between V and VCC, because open collectors are used to read the active PD
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to the second PD receiver configuration. | n this case additional PD_ROW
and PD COL signals are used as required by the nunber of ADC inputs to
cont rol | ewO2B0/09p0144] The circuit shown in FIG 23A i RCTO$es0nns29i |t er
and anplifier paths. One path ends at TOUCH SIGNAL in the mddle of FIG

23A, arg utt\rb%eparthbs M@téanrpmrzsmﬁ@@msfgﬁél% iAMtheA PG & IgFat-BYN,
ends at T SIGNAL_ 2 at the right of FIG A n one enbodi nent of the

presentandrb@m@won bot h out puts TOUCH_SI GNAL and TCIJCH SIGNAL 2 are
connected to controller 150, and firmware running on controller 150 is used
to sel §6014%e Aih almerma\ki)veisggnaalsfiltEr @ rehathaifiembioduitdatshafwh ie FE@sent

I nvention, only one of the outputs is connected to controller 150. [00145]
Si gnal 23By én agedrdaprefwigh arramhodilﬁest@eisttliemr@mtcihw@lmitm t hatthimve two
resistors, such as resistors R O and R , and one capacitor, such as
capaci tgfnbodimends st @Psampiﬁleasam'dﬂ@ma RM'@P@%@@WW@@@HOZ@N@&WG
resistors. [00146] PD CCOL conn cts with the ADC input via resistors R Q
R12, REINPHGERAE-aAdT @Pﬁ '@a% PPEes S Q’s!r&!t' N feeYieindesd an

errbodl nent Ofﬂjt gao ese i nve tor

Caooo! rasighirh 09 PASSGE e AEU bdiys APRERL Bhsida, siok BugERbgiMhent, ri 5

cur fehﬁﬁevp%éﬂgﬁsﬁ@:’ Rkl FRRERRE, fwﬁ%ﬁb%%@??%feﬁﬁﬂﬁnoéﬁegr e the
conf | 9;[66‘14 RtetFErr?hgrEB' FIGS23B! su%‘é? db@a@ aarﬁ@gfl%? i"#SWe‘&eﬂf?

saF
predet erm ned range uch ‘as betwee ause open colTectors

are usqfpfe th%aélu&ﬂ?c A%irene fP&?Pé%‘étle(\!l?dléoldth PO H@h%‘ﬁ'e? piy! €0123fhEhat

t he si gnal is in the range of +3V and bel ow ternative signal
filter qghudr@lriréheof Gigadl filtes aFtPw piffidH §7523335enﬂt@<t@¢ftﬁ@l@e1\so Riaan

enbodi ment of the present invention. | n this
the TOUCH_SIGNAL signal shown in FIG. 7. A similar circuit (not shown),
used for PDs arranged along the other edge of touch screen 100, processes
current from a selected row PD, and sends the output current to controller
150 via the TOUCH_SIGNAL_Z2 signal shown in FIG. 7
[00149] This embodiment uses a large phase margin in order to eliminate
high amplification grade that causes the amplifier to oscillate.
[00150] The discrete transistor amplifier circuits of FIG. 23A are of
advantage in having high frequency response and low cost. However, they
are of disadvantage in having non-linear integration over time.
[00151] A feature of the discrete transistor amplifier circuits of FIG. 23A is
that DC amplification is reduced, and the PD receiver may thus be made
entirely AC current. However, problems may arise when shifting between
PDs having a large signal difference between them. E.g., suppose a first PD
receives little light and is amplified by the transistor-based amplifier to be
within a designated range, and a second PD receives substantially more
light, based on its position relative to ambient light sources. Then the
transistor-based amplifier, having greatly amplified the first signal, will also
greatly amplify the second AC signal, and also the rising edge of the

difference between signals, including the second signal DC values. The
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enbodi ment, an OP anplifier acts like a | ow i npedance current to a voltage
anplifier; i.e., a trans-inpedance. This configuration results in |ess
sensiti viwg 20w/majjaci t ance and truer current sensing. FecTiusealomedzodi nent ,
the rel ationship between Iight and current is substantially linear. [00148]

Ref er ridgmbmdtién FBestl @minfifed Der vanfesirilgetheF whtl® theCRC\§TSths | nput
the output current froma selected colum PD~ denoted PD COL. The out put

cur r entserfortl BDAImMAY! deipligpdhanmdsulting sighal beyend the amntinalhevolkageyi a
the TOUCH SIGNAL signal shown in FIG 7 . Asimlar circuit (not shown),

used f@ayBVarranged al ong the other edge of touch screen 100, processes
current froma selected row PD, and sends the output current to controller
150 via the TOUCH SIGNAL_2 signal shown in FIG 7 [00149] This enbodi nent
uses a |arge phase margin in order to elininate high anplification grade

that caus@s @psicmpfiFouehtScreen 1@0e. [00150] The discrete transistor

arrpllfler CII’CUItS of FIG 23A are of ntaeln hav| hi gh_frequency
respond80kd | GRiewaiice I%Wé\’/\’ema k9 F alr‘g % E&ﬁ\/@n@ éarﬁ‘{“h%flﬁrla"or

non-|ine r |nte ration over t 151] A feature of the discrete
transmﬁg I?Pcforcﬁrl‘thé[g%rﬁ[ ‘23A is that DC anplification is

L?S‘Sfiﬁgﬂﬂ% Fn%ég%ﬁéeﬁ Hpl R S0 RS eI 1Y reffgiterg Rl TEHE T

differ nSB AT %“W‘th'i 3 a?m‘éPP@%efo’i“ g i;éé&h s@r%@ﬁewﬁécbf'& Jﬁé‘e Wigpt and

IS anpl ransi st or -base e21 gnat ed
range, é’rﬁ‘@nﬁ‘bé&ﬁﬁ@ﬁtB‘Pth%cﬁﬁéé%%tﬁh%h%ﬁd a's'h\bv{i'f%ﬁ I*]!GhQS&%fPé%QP its

position relative to anmbient |ight sources. Then the transi stor-based

anpl i figsticdlasinigcds €6t tiye D Iénediddcahd fotir opnall sufadeafsotiss e |y
anplify the second AC signal, and al so the risi ng edge of the difference

bet weersidegrbthe focalclamtjthg f} imnaecmméssagh,ath@@a\mémthé' lkstamuenfxbion of

t hese anplified DC val ues, together with the AC of the
the LED to the last lens surface, LENS SURFACE 2. It may be larger or
smaller than such distance. If the focal length is smaller than such
distance, then the light spreads over a larger receiving area, and the
receiving side scans a larger area and thus receives more background light.
Nevertheless, there is an advantage to having a focal length slightly smaller
than the distance from the LED to the last lens surface, because an
optimized design is able to sense for tolerances of the optical elements.
[00154] Reference is now made to in FIG. 25B, which is a diagram of a
lens assembly for distributing two groups of light beams, denote by X and Y,
in accordance with an embodiment of the present invention. Shown in FIG.
25B is a lens assembly aligned substantially parallel with the surface of the
touch screen, and a second lens assembly skewed at an angle with the
surface of the touch screen. The second lens assembly is arranged so that a
finger or stylus positioned near the touch screen, reflects some or all of light
beams Y to the PD receivers.
[00155] It will be appreciated by those skilled in the art that although

FIGS. 25A and 25B illustrate convex lenses, concave and/or convex lenses

may be used to achieve the dual foci.
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second PD, may anplify the resulting signal beyond the maxi nmum volt age,
say, 3V. 2 . Optics of Touch Screen 100 [00152] Reference is now made to
FI G 24, wbi2otv/i9357a di agram of a prior art |ens assenbl yCfrars2ean/obEH» and PD.
[ 00153] Reference is now made to FIGS. 25A, which is a diagramof a |ens
assenbly for use with LEDs and PDs for a touch screen, in accordance with

an enbqdosy)t qfhetlléﬁspéﬁ%?ﬂby B AN FIGNORBA 13 feSignéewattetheour opti cal
surfaces for the LED | ens side, and four optical surfaces for the PD side.

The fodalloldngtdbjettivess not necessarily the sane as the distance fromthe
LED to the last lens surface, LENS SURFACE 2 . | t may be larger or smaller
t han suchediat ameeh ak posdible ot dhelldiylightsarsiwdd at th@&Dsuch di st ance,
then the light spreads over a |arger receiving area, and the receiving side
scans a | ar g lithle@sapossibles of dbeispamndivgebackkpunchlight girrivesaatetheel ess,
there is an advantage to having a focal length slightly smaller than the

di stance frdtPthe LED to the |ast |ens surface, because an optim zed design

2 o o 5 i ek NGRS oL Boetr TR 28 Fothe ™
W th an enbglPHEHE BROERE S8 T Ao SScRBtAF TG Ui POk ons
assenbly al |%g8§;@déﬁt\@€éhgiyﬁeén@%ﬁlsl.%ndmth the surface of the touch

screen, and a’’s y Skewed at an angle with the surface of

the touch, sateenertiy GFAPBRCHEADIARREBhY beAntt BPEYRAIEA bPthetndinhesyr o

styl us positioned near touch screen; ects sone or a
beams Y to thedthe' ¢St Mo $CQBEES). | t will be appreciated by those

skilled in the art that although
[00157] Reference is now made to FIGS. 26A and 26B, which are
diagrams of simplified lens assemblies corresponding to the respective lens
assemblies of FIGS. 25A and 25B, in accordance with an embodiment of
the present invention. The simplified lens assembly in FIG. 26A resembles
that of a camera lens, and is useful for determining LED and PD die sizes,
denoted by d, focal length, denoted by f, PD lens aperture, denoted by a,
and distance between LED and PD lens surfaces, denoted by s. The PD lens
aperture is approximately equal to the distance between neighboring PDs
and to the distance between neighboring LEDs. Ideally, the LED projects
over the PD lens aperture, which corresponds to the relationship d/a = f/s.
Sample design parameters for a horizontal lens and for a vertical lens are
provided in TABLE II. It is noted that the horizontal and vertical foci are
significantly different. Ideally, the horizontal and vertical foci are directed

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

emanating from the LED lens arrives at the PD.
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FI GS. 25A and 25B illustrate convex | enses, concave and/or convex | enses
may be used to achieve the dual foci.[00156] The |ens assenbly shown in
FI G 25A we 2dﬂ$]9g5‘ved Wi t h the foI | ow ng obj ecti ves: as Pmlrmszmmm;sm bl e
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PD di e sizes, denoted by d, focal |length, denoted by f, PD lens aperture,

denoted by a, and di stance between LED and PD | ens surfaces,

denoted by s .

nei ghbor Ay AbpisifohS FETaUTRcr et M. 1.0 jrbor i ng LEDs. | deal 1y, the

LED

ol at JUOFS] fSbetly oF ths hesRRE ihYE RO} IS 86 (AR A the Fough
f &ise T

h8;| go\rllﬁlbbg?\%e%/ert |(ga ?L@ﬁcgfée! ;r:hgenéglg@ar% dlécéfsfs e“';}‘ri]’(‘télﬁﬁeﬁh(‘?} u"s,E?t he

hor i ZOWhPht%e‘Cﬁbh'ﬁﬁ%el’f Afotian (it I‘Tﬁ%l@éjpﬁ‘(#ﬁé haaasthe(iDH fGMsEFee@RE

t owar ds

he target PD,  so that al'l | i ght emanati ng from the LED I ens

ar ri vesmatusehty girdutAdellceaforoasoshpuiiters rarit (#igntolieh-based storefront

window.

i. User Input based on Finger Motion
[00159] As indicated in FIGS. 6A and 6B, the output of PD receivers 140 is
processed by controller 150, to determine, from the measured light
intensities, if one or more objects are positioned over touch screen 100.
The optical assembly of FIG. 25 enables measurements of light intensities
at several heights above touch screen 100; i.e., three-dimensional
measurements at various heights over the surface of the touch screen 100.
In this regard, reference is now made to FIG. 27, which shows three-
dimensional measurements of light intensities over the surface of touch
screen 100, in accordance with an embodiment of the present invention.
The top chart corresponds to measured light intensities at seven locations,
when no finger is positioned on touch screen 100. The bottom left chart
corresponds to measured light intensities at the seven locations, when a
finger is positioned over touch screen 100. The bottom right chart also
corresponds to measured light intensities when the finger is positioned over
touch screen 100. The bottom right chart corresponds to measurements
taken slight after the measurements used for the bottom left chart were
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[ 00158] Aspects of the present invention relate to applications for the
touch screen descri bed herei nabove. The ensui ng di scussion includes (i)
user i npuwokamad3sin finger notion, (ii) nobile phone hamrdIaiS2010i023429
touch-screen as nouse-type input device for a conputer, and (iii)

touch- based storefront window i. User Input based on Finger Mtion [00159]
As i nditgieed TReMi@RrehbeaRdctdits tingdicitesthaethBUingeeis/ aicvihg0 i s
processed by controller 150, to determine, fromthe measured [ ght

i nt ensidowawart, ehesar torthe tobjichdcreane pes tesuledlightintensity Bcbeirg 100.
The opti cal assenbl y of FIG 25 enables neasurenents of light intensities
at sevdmlet:kbdiajhlmvemnwalueaphespheight‘soo i.e., three-dinensional
measurenents at vari ous heights over the surface of the touch screen 100. |
n this [PelHd, It wilktbHsee appoaciaiad by tiFpse skilledvn thearsvibat the

t hr eedi nensi onal neasurenents of light intensities over the surface of
touch JOEASHramENts Pllighl Hiepsities ﬁta/@ré?ﬂﬁ)lﬂﬁ!ﬁﬂﬁs @bOY%éOHFBSFéW?en

| ocati GHOD SREAIeAIFISRGURAEIOTL AL BOL s Eﬁﬁf%w[ﬁ ohiBBcaf 3003k Bt tom
I Si%t OB B EEPEBEE Fr R R ehd 16 BB Bl B8 et o

< posiitrangfisIieP IR, It ?ﬁ%ﬂ‘%ﬁ@%%"%m ghﬁh%ﬁﬁ?{“@%%%%ﬁdo%é‘gfé
”Easure[ﬁPS‘fSE{a}kB%h éﬂéﬁmm%fdtﬁ—bntn *Eﬁe’??rt%s’frlﬁﬁ Qr kﬁ@\fv:ﬂﬁ%ttﬂg' | eft

chart wereta erence in ch tes t t he

Movi ng wlowenuafdhegeosefwéon tthe hdshré &R fofsth f\ﬁélﬂﬁarté egiblegt ensi ty
is being blocked at | ower z-values, 1.e., heights. [00160] I t wll thus be

appr eci déteg¢niifatiopsef akﬂuﬂmg@:dverodntwvéttort hMtH@@emwl\/@mﬁ g of |ight
I ntensities at various helghts above touch screen

substantially downward, then the magnitude of the velocity vector is an

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

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

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

across and upward to the screen surface.
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100 enabl es determ nation of both position and notion of an object on touch
screen 100. Referring to FIG 27, the distance between the finger positions
from t he wotzomwm9Bsht chart and the bottomright chart, aematseaoloy3s2} ST, nay
be determned fromthe light intensity readings. Knowing the tine

di ffer qpgre3pet Wreen tﬁtﬁoﬁ?é’étulrserﬁ@é‘ﬁ thé @crédr stdma(f@atfﬁé PENAtSver

determ nation of a finger velocity vector. the vel oci ty vector is
subst anhiealsLye s @insflight beaims he Wbentamen_g@fr drhetivet objdat isqsdsitionedan
i ndi cation of how hard the finger is pressing on touch screen 100. | f the

vel oci tabonezthe dcsesntmirdade aitlnefleicghiawportion lofightebéamgeY tostheaRDNg a
ri ghtward gesture. [00161] By determ ning notion information, touch screen
100 i s relgeevers, diata agoonRt [eRs wrarrayvelt lessgsof The D irapaiver acasirdingly
inter alia tap, press, and directional finger gesture, and to process them

accor diSRISeS @oomgaqas:@@f nghct@tqrbSl%ﬁpﬁfiﬂﬂi@OmliFgGO e sum of lighteams

|1 trat h h d |
:‘ ungtsl éﬁalno xtnwﬁggér%l&gfz?%?g\ﬁ%}:’éﬂwﬁ t'nolf necaﬁétsl%?%!sgg@ AfiRenti on.
T h 100 f t th d |
dggfeair%&F%E' v giett sueBrad 8 S as S P PR bR I e s eEba " To conse

th t ab th f As sh

i F G OB edy pBIeeRoR or ot BEanBR " 3T  Butes 1ight emittod by an LED
I d i

Fa dBRY perefCels ROl Ml WA, 20, it R aB PSRN0 %)) Sne

subst anifrirbit mghghheénélaeshﬁeégue@a S5 PO Gectiver tftespBABMlesot ed by v,

whi ch are direc di agonal ly across and upvvar to t sScreen
sur f acey ki) oW&WoBgadtmoeéttoU%hr&&éehhﬁjri‘céééerh akedPdcd hatPRm ecei ver

measures all of |ight beans X Wen a finger or other object is positioned
above tdrabscliemntsof fles presént afvattion a The taiddlepdrtignt obelasgyripho t he PD
corresponds to light beams X, indicating that no object is obstructing light
beams X, and none of light beams Y are reflected to the PD receiver. This
portion of the graph is the default PD receiver intensity when no object is
near the screen surface.
[00165] The signals shown in FIG. 29 rise and decline. When the PD
current is activated, as shown at the bottom of FIG. 29, the signals rise.
When the PD current is terminated, the signals decline.
[00166] The highest portion of the graph corresponds to a finger or object
reflecting a large portion of light beams Y to the PD receiver. As the finger
or object is moved closer to the screen surface, the magnitude of measured
light intensity changes, based on the amount of light beams Y directed to
the PD receiver by the finger or object. The effect of increasing intensity of
reflected light beams Y is similar to the effect of increasing intensity when a
finger is brought close to a light bulb. Namely, as the finger approaches the
light bulb, the intensity of light on the fingertip increases; i.e., more light is
reflected by the fingertip.
[00167] When a finger or object is brought very close to the screen surface

such that it blocks a portion of light beams X, the measured light intensity
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receivers, via a second lens or array of |enses. The PD receiver
accordingly senses an increased light intensity corresponding to the sum of
| i ght beawe 2Xioz09857%. | t will be appreciated by those sleCiriusdotion2isbe art
that use of a reflective object, such as a silver pen, to point at the

touch se@RhprerE@dI0er drepkaet berwits dafdulPeande,Yanl W HadRelserériecgs i S
now made to FIG 29, which is a graph illustrating different |ight

i nt ensithieesbjmasoieteBythe BErgatt andesulsstanepigndommplételprisiscks tighef an
object to a touch screen surface, in accordance with an enbodi ment of the
pr esentbeawmenXi RefeFhimgbddk doeEGS0R2 A, 26A gmapR Z dr isesgemdhat bhéiligitt
beans X, indicating that no object is obstructing |light beans X, and none
of | i ghinteyesity detacked blyl @ Blkdeceiviehds RDfurdion @f .a fingersoproximidy tohe

graph is the default PD receiver_intensity when no object is near the

scr een Hg $&EEN sodass] Wien shgrfingeshpgks a parbonof Lgbé baaimaee! i ne. When
the PD current is activated, as shown at the bottomof FIG 29, the signals
rise. Wien the PD current is termnated, the signals decline. [00166] The

"arge por i on_ Br Mogile BHERRCVARGIRIDD 1 coiver - As the Tinger or obj 6ot
|t onei Dy el angbE LIk TS B H\E e bHE iRRtipH e b B E 08 Ble. e

recei V%E%éﬁﬁnégggﬁh LeQb] naersTpgalfhé%ttp%fsei Ebﬂc‘?@%n%%ﬂé"%i'ﬁcktty of

reflecte IS sim e eftect of 1nCreasing intensity

when a fddgig deikl%ygﬁgﬁg%f%cfé B5€ scPeéns itﬂ@hi&l}/és Mayedervedss EBQCFIH%E%%d

appr oaches t the intensity of light on the fingerti

oo, TG shesrs e ek dSck ot aptsin nen
based user inputs, and as output devices, for displaying data generated by a
phone modem.

[00169] US Publication No. 2008/007533 Al entitled INFORMATION
MANAGEMENT SYSTEM WITH AUTHENTICITY CHECK by Ericson et al.
describes a system for identifying the location of a pen above a sheet of
paper, whereby the pen includes a camera that captures images of a
varying pattern on the sheet of paper. A computer unit analyzes a captured
image and determines therefrom the location of the pen. Further, by
analyzing a sequence of images captured by the camera as the pen is
moved over the pattern, the computer unit identifies strokes made by the
pen.

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

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

an image of space above the touch screen. The captured image shows the
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such that it blocks a portion of light beans X, the neasured |ight

I ntensityat the PD receiver drops to below its default val ue, and

appr oaches0zero9axot he obj ect touches the screen and sulpstTarstéialok3s29
conpletely blocks Iight beans X. Referring back to FIGS. 25A, 26A and 27 it
Is seen that the light intensity detected by a PD receiver is a function of

a fingesatsepi eflBtted by tHiefipgeeast StHdragBjedtheThé RaptLuREgImMRICles a
portion of light beans X. ii. Mbile Phone Handsets [00168] The touch

scr eengrahshiittenr &s antontrglet ithat detepaineés vharbyatdohtafbthe fiogesro dotharbi | e
phones. Phones that have these touch screens do not required keypads, since
t he scranest Dvemrddlevenuamygcrsaav byaanalyzing lihs ezhteypddmadée Ruwtloar,sby eens
serve as input devices, for receiving touchbased user inputs, and as out put
devi ceprovidingi 8 gegpencalaf iMggesreartyired as phedingarderotheo obggctUus

Publ i cati on No. 2008/ 007533 Al entitled | NFORVATI ON MANAGEMENT SYSTEM W TH
AUTHENTNEVES @y joeeh sssaert the comdseliemistentifigs perireke Qrd@esiurgi ng t he

| ocation of a n above a sheet of paper, whereby the pen includes a canera
t hat cdﬁtaﬁlteelgyﬁﬁﬁg@'gg%? °5qsﬁgfe€]i9¥§e5§ttern on the sheet of paper. A conputer

EELF FINET” BeERGSR RG] a'ﬁedﬁ%g*ﬁ-"?%ﬁe@“i%ﬁ%%?ﬂ%ifﬁ% “amora as
e by LR BER o BofiabieP Rasf i s BLtin 10 LBl W BD: ces
a siml b%%ﬁﬁ%ﬁtfﬁtglﬂet bPESEN S fif\tion N$i §AGs & GU@KﬁHhHEsaa @%}e?:rtBrO” a

sheet of paper, a I “patfern I's projected over the touch Screen. \Wen a
finger @100:hBarGEr 623 'tﬁa@%éké)Pégti@ﬁ@\tﬁ‘_ 1%]5:3 E)R&j_%&té&'tﬁﬁ?roj‘e'&ﬁof 614y Or

other objeCt reflects a portion of the projected I'ight pattern. Only the

ref | ecta#id polNs0@19f that spreads the light over a specific angle, denoted by 6.
Barrier 613 may be implemented as an etched metal plate that only allows
light to penetrate through the etched openings. Barrier 613 may
alternatively be implemented as a material that has transparent portions
and non-transparent portions. The transparent portions may be in the form
of digital, letters, dots, or such other shape. Barrier 613 may alternatively
be a grating, with openings through which light projected by projector 610
passes. When projector 610 projects light at barrier 613, a light pattern
620 is generated above touch screen 100.
[00173] Handset 600 further includes a camera 630 which captures images
of projected pattern 620. When an object, such as a user’s finger 640, is
within range of projected pattern 620, portions of pattern 620 are reflected
by finger 640. In turn, the images captured by camera 630 show the
reflected portions of pattern 620, from which distance and position
information of finger 640 is derived. Since finger 640, or such other
reflecting object such as a stylus or pen, is not a flat surface, the reflected
portion of pattern 620 is warped or otherwise distorted when viewed from
an angle other than the angle of projection. By aligning camera 630 with

projector 610, the images of finger 640 are captured at substantially the
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the projected pattern is substantially visible. [00171] A canera

comuni catively coupled with the touch screen captures an i mage of space
above thewobaomnIsneen. The captured i mage shows t hepat Permse@bloeseed by
the finger or other object. The captured inmage is transmitted to a
controller that determi nes the | ocation of the finger or other object over

t he t ougdylecsrprojertiamalasza ntesuteof aidh efel rERRteBYsdritRIn oPYpalRter 82w a
sequence of images captured as the finger or other object noves over the

touch dsresmsighificartthy distlogted dentifies a stroke or gesture made by the
finger or other object. [00172] Reference is now nade to FIG 3Q0A, which is
a sinpl[0612d i Refistaratd tnnofv enddatic RIGOB OBt Which tsiahsietpldead 100, in
accordance with an enbodi ment of the present invention. Handset 600

i ncl udgduatratigireef arpattern fidets projected hato the spacgabovascosen o,

proj ected by projector 610, and a |lens 617 that spreads the |ight over_ a
speci f 1B aggrdangensitbganyergbodiinenéofahe Regset inyantiatht ddeapabierat @hed
metal plate that on al light to penetrate throu he etched

openi niStSEatiowt I NoRkGASEImaY it ARG A680 b AdiRTAI A3 B deibor | al t hat
has transparent rtions and non;transparent rtions,. The transparent

por t | onEyTetedh a5 i el Rirte havilig MAIEE erfied (htein, A ORIGH Rt e, pe.
Barrier a ' ' it e ' . o i.ch

i ght pdrcgﬁléﬁ ed”b§h§?@f‘ é%f@%xg%@%agégéﬂ@%edﬁbw& @%%?%1%%%%3’5 o, ght
at barrd Lt ' e : AREN 0.
[00.173]C5ﬁ2'?negé|§tt F%&Eé'?ﬂr%m&hﬁ%mg{ashgtg’aﬁégE gg@%@ﬁy% ufgﬁna. es of
pr oj ectgshipairiftRe QtteMIBR dts GoFleeted BYCHNder B40ENS thuRHSSCrEdR, 1S

Wi thin range otf projected pattern 620, portions of pattern 620 are

ref | ecteshtyllér deesrrfitks the thHed-diblendioRaEposiivn oE dirfyerceayy pelaBiyeshow

the reflected portions of pattern 620, from which distance and position
to touch screen 100.
[00175] Finger 640 in FIG. 30B reflects a pattern of seven dots. As finger
640 moves to the right or to the left, different dot patterns appear on finger
640, based on the dots shown in FIG. 30B to the right and to the left of
finger 640, respectively. Similarly, when finger 640 moves up or down,
different dot patterns appear on finger 640, based on the absence of dots
above finger 640 and the dots shown below finger 640. As such, the dot
pattern on finger 640 determines the height of finger 640 above touch
screen 100, along the z-axis, and the position of finger 640 along the width
of touch screen 100, along the x-axis.
[00176] The position of finger 640 along the length of touch screen 100,
along the y-axis, is determined from the scale of the image reflected by
finger 640 or, equivalently, by the sizes of the elements of the projected
pattern. Since projector 610 projects the pattern across a wide angle, as
shown in FIG. 30A, the closer finger 640 is to projector 610, the denser is
the reflected pattern. As such, the density of the reflected image
determines the distance between finger 640 and projector 610. In turn,
this distance determines the position of finger 640 along the length of touch

screen 100, along the y-axis.
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i nformati on of finger 640 is derived. Since finger 640, or such ot her

refl ecting object such as a stylus or pen, is not a flat surface, the
ref | ect eawpanto/wss7of pattern 620 i s warped or ot herw sePdiraiSoroes4ahen
viewed froman angle other than the angle of projection. By aligning camera
630 with projector 610, the inmages of finger 640 are captured at

subst anpopiA)y Refersi®@ B nBnohfsde 80.FRS. 30CSWhictPfs whigtplifhed refl ected
portion of pattern 620 is not significantly di storted. [00174] Reference is

now nadiustrabicd sBORingtH®h the dessitploffpatdern 1620 pabijectedf ba matjeetor of
dots projected into the space above screen 100, in accordance with an
enbodi n@h0 iof theheppcessbava hwech isaneeMi0@abndr reftdctddt sy Singer 6407l 30B
may be generated by a barrier 613 that is inplenmented as a netal plate
havi ng endent hpant the distansefringar 649 heomoprgigcter #1Q;Hown as bl ack
dots, is reflected by finger 640; and a portion of the dot pattern, shown
as whi tac@seanceswithtan emeedinepy ofithgepresent iy entian:zilhip ﬂﬁ’éegéhtaér n of

0 SHRCRTGSh B ) S Bl e b o S
00175],  Fi 640.in FIG 3 . As fi
L L e Vi
0o 86 oA P B2 P o i Syl LASEARRIAS

dot's’ abiueey oy REER Akl fod PR ik (FHistoce ST LA ARAAETE 0o,

patterngd0 frbRYProftlof Lo nes the hei ght of finger 640 above touch
screen 100, along the z-axis, and the position of finger 640 al ong the

25! J0 AP ISR ARy hner ol eGSR o) blsenc e
projector and barrier is situated along a second edge of touch screen 100.
The two sets of relative (x, z) position coordinates of finger 640,
determined by the two cameras, suffice to determine the y coordinate of
finger 640.

[00179] In accordance with an embodiment of the present invention, the
distance and position information of finger 640 is used to further derive the
location 650 on touch screen 100 where finger 640 is aimed. Touch screen
100 highlights location 650 so that a user can see the location to which
finger 640 is aimed, and to adjust the position of finger 640 if necessary.
[00180] Reference is now made to FIG. 30D, which is a simplified
illustration of a pattern of digits projected into the space above screen 100,
in accordance with an embodiment of the present invention. The pattern of
digits shown in FIG. 30D may be generated by a barrier 613 that is
implemented as a metal plate having the digits “1”, "2” and “3” etched
thereon lithographically, or by such other etching process. When projector
610 projects light at barrier 613, the digits “1”, “"2” and “3"” are projected
above screen 100. When finger 640 is positioned over screen 100 to the

left of projector 610, as shown in FIG. 30D, the digit "1"” appears on the
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along the y-axis, is determned fromthe scale of the inmage reflected by
finger 640 or, equivalently, by the sizes of the elenents of the projected
pattern. 8orow/qespect or 610 projects the pattern acroseCa/useae/oaigd e, as
shown in FIG 30A, the closer finger 640 is to projector 610, the denser is

the reffiggéeam@lis eaptuisd ByCtamiers 683031 Thedigitse XeihgcBetardThREE

determ nes the distance between finger 640 and projector 610. | n turn,
this divisiolee determ nes the position of finger 640 al ong the | ength of
touch screen 100, along the y-axis.[00177] Reference is now nmade to FIG
3CC, whbetsl]s Simiilaply, fwhdnifingest 680 o psekitiemed ovrameoflprnejacton6 @t t er n
620 projected by projector 610 in the space above touch screen 100, and
refl ecteétﬂ)ttghOWn@,ethﬁdd)giti“Q"(ﬁm@em@OnLt nfinger,danddacapstiréd dyecagaraf r om
projector 610, in accordance with an enbodi nent of the present_invention. |

i3 e o e le el Fondnelbeivi ik 2
patt ef 1P T ot il & AP RAATR AN NG THOPEANG 1S .capﬁer%&@vecarr%wa_ 850’

o TP B AEERER W TR SO b IR 2
oo R0k B ECETEEE B g RSSO I 13 e
L AT Rl AT L PR R

with anﬂ?é”ﬁ)%‘ﬂ%é%néf aigite3hBa? ﬁﬁ“FIiG‘.V:?OEi Riay g@egé%éﬁa%@ﬁfby?‘%dbﬁﬂ%lt 613

information of finger 640 is used to further derfve the |ocation 650 on
touch s¢iaeqs idiflemh@ited beIEem&HP plateaha®ihg TW@CFOWS*;VCfoﬂﬁilt@Oeﬁ(th@f@I' i ght's

| ocation 650 so that a user can see the location to whic
thereon. When projector 610 projects light through barrier 613, the digits
17, "2" and “3"” are projected closer to the surface of screen 100, and the
digits "4”, *5” and “6"” are projected further from the surface of screen 100.
When finger 640 is positioned over screen 100 to the upper left of projector
610, as shown in FIG. 30E, the digit "4” appears on finger 640, and is
captured by camera 630. The remaining digits are invisible.
[00183] Similarly, when finger 640 is positioned over screen 100 to the
lower left of projector 610 (not shown), the digit 1" appears on finger 640,
and is captured by camera 630.
[00184] FIGS. 30B - 30E illustrate that the location of finger 640 relative
to touch screen 100 is determined by analyzing images captured by camera

630. As the number of unique patterns, such as digits, is increased in

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

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

processing finger motions as input to a computer, in accordance with an
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finger 640 is aimed, and to adjust the position of finger 640 if necessary.
[00180] Reference is now made to FIG 30D, which is a sinplified

i 1l ustratworronfosas7pattern of digits projected into the gpaAS2@ooIH25Cr een
100, in accordance with an enbodi nent of the present invention. The pattern
of di gidpbdadertioftHe ppeLRBINREISREISHARNtn PIGRI1 ¢5 aGﬂﬁ%éhfmotién

I npl emrented as a netal plate having the digits "1", "2" and "3" etched

t her eorthattibaptapted &yl souch sbseavdO®! Rongbibi B Or(FIGS. 6¥handpéBj ect or
610 projects light at barrier 613, the digits "1", "2" and "3" are

pr oj ectredogmizes blte g erOfotitfreantl cgeveid Chiesnmuiton tomaduseguoisteeen 100
to the left of pr(?je(_:tor 610, as shown in FIG 30D, the digit "1" appears
on t heféaayeinatasd fok inppt 1o edcom piesr all8g9 it May degappredatemdhaBtoack not
visible. [00181] Simlarly, when finger 640 is positioned in front of

pr oj ect$ireenoLORGs ablevkd emuataingpusemoygpeeis on the finger, and is
captured by canera . 630; anpd whep finger 640 js positioned to the rjght of
proj ectl801810 M&lﬂt'gﬂ%um Fec%{: I@@CGF'QH%QU%&B sTGY else be r?dBP,atélﬁjd8Ys

2751 ol dipBlay Ryl PEISEHS O (BHEPHRSTRR: fgbﬁ 3BT o't Qe 5Pl che
Space ARLEREbRE s A AAEREAERGE M o MR TR AT beClnl IS ERSSRY
barrier tﬁ%&é Eahﬁ@drﬂﬂ %migﬂgﬁogsg%qi@[( pl ate having two rows of digits

etchedcf ereon. n projecto rojects light through barrier 613, the

di gi t's 1081871 2Fuftier Singfé @kl 8bableelickiPRem bb'lﬁwﬁ}l'élfé%% A elReftfed ot 00,
and the[ di gi]ts 'l'J4"_, r"5'ngan§ "6" are _prloj Iecte »{‘)urt er from tyheesurfacg of
screen diifroadhedf toaeschdén i B0O0SAS ideeribedesbsveagithid@peet tbeFIGP7 | ef t
of projector 610, as shown in FIG 30E, the digit "4" appears on finger

640, andeasuecaptarnteof hyht an@rsithed at differentheigigtsdabotve tauehi soregnbl e.

100 enables determination of finger velocity. A slow approach, made by a
light tap, corresponds to a single click, and a fast approach, made by a hard
press, corresponds to a double click.

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

path information is converted into mouse coordinates.

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

sensed position and motion information for touch screen 100 may be
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[00183] Simlarly, when finger 640 is positioned over screen 100 to the
| oner | eft of projector 610 (not shown), the digit "1" appears on finger
640, and wWe 20wpwvsi7ed by canmera 630. [00184] FIGS. 30B - peCHS2o0m334eat € t hat
the | ocation of finger 640 relative to touch screen 100 is determ ned by

anal yZitpansrages Ept da&H pRYcEHBR fRr&éPthd¥SahlR/ sIMIH apblidatispeoPaUERT NS,
such as digits, is increased in barrier 613, the position of finger 640 may

be det edatangrbdarsing¢s & Brdh-sensitive oneradtiveestorsfriypuseintiove, Wiipeth Devi ce
for a Conputer [00185] Aspects of the present invention apply to a touch

scr een evmaliksgrassesshy to imbesact with ardisplayeshowechee ar a aipad atispRsf.er ence
is now made to FIG 31, which is an illustration of use of touch screen 100
for prodeestoreffongeindon syistems riespandsdoapass@sbyr toueh ipuwlisd @k alga h
anenbodi nent of the present invention. Shown in FIG 3 1 is a finger notion
that i gegerdssyl ppabmashthair deHchgoputentrol | er 150 (FIGS. 6A and 6B)
recogni zes the_fi not | on and converts the notion tq no s&gcgi nt er

coor di 190EY] 1 &p tR elri@g@r lrd’e(fﬁﬁ%nu@%l's. newy, Enade fyFifa. g’;?p&‘é‘ ! I Iat ha]t ]'Eouch

100 .,i ) ) 00186 it A
Zﬁ&ei?ﬁmmf&iﬁbeﬁtiﬁggﬁ“aqfa %ﬁeﬁgﬁiseea"ﬁ‘iﬁif@ﬁgla@[vd@ﬁ ?ﬁ“ﬂg’%ﬁ”ﬁwﬁt@@%} |
i N e B R PR 2
ol 5 SQVEBHDH. Cfin AdCBHEAhcE WitAn Eribbdifas PRt it ifFelfbrbthe |
with I §516i5letep ofldn O%Eﬂiﬂ@qﬁ%h%n&i@ft)é@ gbbéhk,fitﬁéG%iithiI@?taéer‘i’écfrfseéﬁ@t

hei ghts above touch screen” 100 enab eterm nation of nger velocity. A
sl ow afpjieemitterdetiarebdy pedviding theadisprpRedse ivith tdiuedl screkinck, and a

fast approach, made by a hard press, corresponds to a double click.
functionality. Additionally, display case 700 includes mechanical apparatus
to automatically move, rotate or otherwise manipulate a displayed item
710, in response to a passerby 720 touching the display case at a location
corresponding to the displayed item.
[00192] A passerby 720 may interactively manipulate selected items by
touching and making gestures with his finger on display case 700. For
example, touching display case 700 causes a corresponding item 710 to be
selected. A rotating gesture on display case 700 causes item 710 to be
rotated. A swipe on display case 700 in one direction causes item 710 to
be moved closer to passerby 720, and a swipe in display case 700 in the
opposite direction causes item 710 to be moved away from passerby 720.

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

selected.

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

and scope of the invention as set forth in the appended claims. Accordingly,
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[00188] Referring to FIG 31, it will be appreciated by those skilled in
the art that the path of finger notion shown involves relative notion

bet ween awbizogen93zind t ouch screen 100. The path shown ne¢ThBs2@enessae ed by a
nmoving finger and a stationary touch screen. | t nmay al so be generated by a
novi ng touch screen and a stationary finger, or other stationary object.

[ 00189]thésspecificatiofUahd &IFedhaBMreoto beerdyaagiert in AMantiseatRreratey by

novi ng touch screen 100 over a stationary object. The relative notion of
touch stiaeea régbriggversatres.t he path shown in FIG 3 1 and, in turn, the
path information is converted into nouse coordi nates. iv. Touch-based
Storefront Wndow [ 00190] Aspects of the present invention relate not only
to use of touchbased position and notion information for input to a
conmputing device, but also to use of this information for data processing
purposes. | n general, the sensed position and notion information for touch
screen 100 may betransmtted to a data processor for further analysis. An
application of such data processing is a touch-sensitive interactive
storefront wi ndow, which enabl es passersby to interact with a display
showcase or a video display. The storefront w ndow systemresponds to
passersby touch inputs, and also records and anal yzes their touch inputs.
[00191] | n this regard, reference is now nmade to FIG 32, which is a

simplified illustration of a touch sensitive display case 700 cont ai ni ng
itens of nerchandi se 710, in accordance with an enbodi nent of the present
invention. | n accordance with an enbodi nent of the present invention, the

perimeter of an opening in the display case is fitted with |light sensors
and light emtters, thereby providing the display case with touch screen
functionality. Additionally, display case 700 includes nmechani cal apparatus
to automatically nove, rotate or otherw se mani pul ate a displayed item
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710, in response to a passerby 720 touching the display case at a | ocation
corresponding to the displayed item [00192] A passerby 720 may

i nt er act iwelzg1omasd7pul at e sel ected itens by touchi ng andPeRRiS2@ogeRUr es
with his finger on display case 700. For exanple, touching display case 700
causes a corresponding item 710 to be selected. A rotating gesture on

di spl aycicaggs700 causes item 710 to be rotated. A sw pe on display case 700
in one direction causes item 710 to be noved closer to passerby 720, and a
sw pe iWhaditdplahyineadds700 in the opposite direction causes item 710 to be
noved away from passerby 720. An x-shaped gesture on display case 700
causes item 710 to be de selected. [00193] | n the foregoing specification,
the invention has been described with reference to specific exenplary
embodi nknt s t hérk@ht-basedwiduch sengarsrcomerisingent that vari ous

nodi fications and changes may be nade to the specific exenplary enbodi nents
wi t hout depart PridP¥$IDE fafea KHeRIA¥rSEBENit and scope of the invention as set

re 1o be regaPdduraRbART iTTastabiBoL STRNES s adt b stoeed o "o°
sense. CLAI Wiat i.s clainmed is: 1., A light-based touch screen, conprising
a ho@'qﬁ%'ng' é?%gﬁgg?réﬂme'rlﬁ%%bﬁ?m%l ity of infra-red light emtting
L odes (LEDE) LTS ERe U3 SSe AN A hor oSO O Mk 0N chRFRR e
o 2 S foral] pELEE AN SRS A9 fglng B AR oFre
fast enafope sreddldNoIueangy of LEDs;
a plurality of photodiode (PD) receivers, fastened on said housing,
for measuring light intensity;
at least one PD selector, fastened on said housing and connected
with said plurality of PD receivers, for controllably selecting and deselecting
one or more of said plurality of PD receivers;
an optical assembly, fastened on said housing, for projecting light
beams emitted by said plurality of LEDs in substantially parallel planes over
said housing; and
a controller, fastened on said housing and coupled with said
plurality of PD receivers, (i) for controlling said at least one LED selector, (ii)
for controlling said at least one PD selector, and (iii) for determining
therefrom position and velocity of an object crossing at least one of the
substantially parallel planes, based on output currents of said plurality of PD

receivers.
2. The touch screen of claim 1 wherein said plurality of LEDs are

fastened along two adjacent edges of said housing, and wherein said PD

receivers are fastened along two other adjacent edges of said housing.
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for measuring light intensity; at |east one PD selector, fastened on said
housi ng and connected with said plurality of PD receivers, for controllably
sel ecti ngvarrdiodwssbecti ng one or nore of said pluralityPofi/uUSRweeERyers; an
optical assenbly, fastened on said housing, for projecting |light beans
emtted by said plurality of LEDs in substantially parallel planes over

said hq@ising; The BURINEERIEEDf claifi anftherRirs sbfd bauwsing GMIEDSWHeed with
said plurality of PD receivers, (i) for controlling said at |east one LED

sel ect dastéméd atdoueadrnelrs iofgasdibwdingeast one PD sel ector, and (iii) for
determ ning therefromposition and velocity of an object crossing at |east
one of the substantially parallel planes, based on output currents of said
plurality of PD receivers. 2. The touch screen of claim1 wherein said
plural i4y of LEDe tauch serasreaf slainy t wherejmsaid akdgast oneddild sebestiong,
and wherein said PD receivers are fastened al ong two ot her adjacent edges
of sai FHBBsISES. & leashOnoLER KW esslesiorcand AtleankpaienlERi elgminal ity of
LEDs are fastened at four corners of said housin 4 . The touch screen of
ol ai m SSIRERY HHid araConnested o saig Ruralitpr Ly inbae dopplagy ofm LED
row sel ector and at | east LED col um. sel ect or ich are_conpected to
ai'a” ploeh, e dnacRarh LHE nesgef asv o Behid and Rl ERRE8dR LeD ha an
associ - [

corr espnarice! PRSer RS el Ui S5 B e 8T cBRLpErestEr SHE vHRcn

screen chluHﬁ%@éctWP.er ein said at | east one PD selector conprises at |east
one PD row selector and at |east one PD columm sel ector which are connected
to said plurality of PDs in the topology of a matrix,

5. The touch screen of claim 1 wherein said at least one PD selector
comprises at least one PD row selector and at least one PD column selector
which are connected to said plurality of PDs in the topology of a matrix,
whereby each PD has an associated row and column and is selected by

combination of the corresponding PD row selector and PD column selector.

6. The touch screen of claim 1 wherein said at least one LED selector
generates a bit string for a shift register, wherein each bit of the bit string

determines whether to select or deselect a corresponding LED.

7. The touch screen of claim 1 wherein said at least one PD selector
generates a bit string for a shift register, wherein each bit of the bit string

determines whether to select or deselect a corresponding PD receiver.

8. The touch screen of claim 1 further comprising a multiplexer
coupled with said plurality of PD receivers and with said controller, for
selecting one PD output signal from a group of PD output signals, based on

control signals received from said controller.
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wher eby each PD has an associ ated row and colum and is sel ected by

conbi nation of the corresponding PD row sel ector and PD col um selector. 6
The t owwb 28nwm@astoof claim 1l wherein said at | east onePCEDS@bhmeis0e

generates a bit string for a shift register, wherein each bit of the bit

string glet er m mag tiRINSErdeh 8elchfin ar fLﬂQﬁél’%fmér@ﬁ’fd asieeictangelbised -

The touch screen of claim1l wherein said at | east one PD sel ector generates

a bit sturregt istegrastr for beging eind whaigling ehetoltiputadurireatdientstingnsaid
det erm nes whether to select or deselect a corresponding PD receiver. 8 .

The toumntsocleefrovh sdidiptutality 0h@D cergivess.ng a nul ti pl exer coupled with
said plurality of PD receivers and with said controller, for selecting one
PD output signal froma group of PD out put signal s, based on control

si gnal s received fromsaid controller.9 . The touch screen of claiml

furt her @orrpn $hegtaucheseraein et chised Eurrth@mcqnnp@gm artrappissPEHiaggdand
sanplin he out put curreBts enterde % alld controller fromsaid plurality
of PDr ﬁOEn'%tegfétO"rF@’ KRR HIEeAMRIing &P%QUWt%FeBB?TﬁP@T'HQ aid
transi st or @ ﬂ_curre i ntlel%/r aﬂ),hfor .bi asi ng and sanpling the output
cur r entCTHRP PN IR BR¥Fpl urality of PD receivers. 11.

The touch screen of claiml further conprising a transistor based filter
and anplifier for sensing and anplifying the output currents entering said

contr O'ifr Froffnaaidhdp| SE@ddi ¥f %fauﬁ?lr ﬂﬁ‘%hé?rq%r?fyﬁsur@a‘lsed%ﬁﬁté%%‘%gdo‘c

claim X Turther conpri sing an operati onal ter an

anpl | ik 8hdcz§’r’i‘1\|fﬁ|rf|te'rr\‘6rt§é?15pr% HREBHEBIIANG the QIR urren¥OliRgRhg and

for amplifying the voltages. 137 A nmethod 'for a Ilg t-ba touch screen,

conpri 418 corteolie©fldrmnSaad BIuralityt ¥f eD FeéeHivepsti tting di odes (LEDs) to
sel ect and desel ect at |east one of the LEDs, whereby a selected LED emts

infra-red
12. The touch screen of claim 1 further comprising an operational
amplifier based filter and amplifier for converting the PD receiver output

currents to voltages, and for amplifying the voltages.

13. A method for a light-based touch screen, comprising:

controlling a plurality of light-emitting diodes (LEDs) to select and
deselect at least one of the LEDs, whereby a selected LED emits infra-red
light beams;

controlling a plurality of photodiode (PD) receivers to select and
deselect at least one of the PD receivers, whereby a selected PD measures
received light intensity; and

determining position and velocity of an object obstructing light
from at least one of the PD receivers, based on output currents of the

plurality of PD receivers.

14. The method of claim 13 wherein said controlling a plurality of LEDs
comprises generating a bit string, wherein each bit of the bit string

determines whether to select or deselect a corresponding LED.
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|l i ght beans; controlling a plurality of photodiode (PD) receivers to sel ect
and desel ect at | east one of the PD receivers, whereby a selected PD

measur es weceiwm@es7hi ght i ntensity; and determ ni ng posi PCorUSand/oxbocity of
an object obstructing light fromat |east one of the PD receivers, based on

out put £gI rent yhef ridtAopl M@llalntmsf wRIaréﬁpgarcﬁwntrbﬂmJ Replaned APl ai m
13 wherein said controlling a plurality of LEDs conprises generating a bit

st ri ng,rededrerisnceapitiseist gehetdtingia bitt strivg, deherdineachitiit bethediseteny or
desel ect a correspondi ng LED. 15. The net hod of claim 13 wherein said

cont r oldetegndnpswhether td sBlRatemedeselect amporrespogelieg 0 mgcaiviart stri ng,
wherein each bit of the bit string determ nes whether to select or desel ect
a corresponding PD receiver. 16. The method of claim13 further conprising
appl ying _Iinear arrpllfl cation to the output currents of the plurality of PD
recei ve1?§ pri of heonekhad d@ft@hamnnlﬁgfurmer¢ﬁmmréslmdaaply¢ngulme1a3 further
conprisin ensat i n for anbi ent t b ding_a plurali of PD

out put aﬁﬂ%ﬁiﬁl stigRcte Hhe oetbput %r@.@'as ght 'a%dy §U§!tr‘/a8ft PPgrqq%V@ﬁv Bhiox to

pl ural '53‘}[ Ld PD aut put signals when an LED is turned off. 18. The nethod of
cl ai m 86 HSEEMIBEMDr i sing sanpling the output currents of the plurality
of PD receivers prior to said determ ning, the sanpling conprising: turning
off a transistor to begin current integration within a capacitor; turning

on the $ganple [ It m? after

sai d tur n| ng o?p%t 'ﬂ‘gtﬂpgnéfgt iBafLH{ﬁeP‘Eéh%%ﬁ% Métns%ftlﬁd for
ambient light by adding a pIuraIity of PD output signals when an LED is
turned on and subtracting therefrom a plurality of PD output signals when

an LED is turned off.

18. The method of claim 13 further comprising sampling the output
currents of the plurality of PD receivers prior to said determining, the
sampling comprising:

turning off a transistor to begin current integration within a
capacitor;

turning on the sample and hold circuit at a pre-designated amount
of time after said turning off the transistor;

turning off the sample and hold circuit at a pre-designated amount
of time after said turning on the sample and hold circuit;

measuring a charge in the capacitor; and

turning on the transistor to discharge the capacitor.

19. The method of claim 18 further comprising converting analog
output of the sample and hold circuit to digital output, prior to said turning

on the transistor.

20. A touch screen, comprising:
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turning off the sanple and hold circuit at a pre-desi gnated anount of tine
after said turning on the sanple and hold circuit; nmeasuring a charge in

t he capacwoanio/@sifot urni ng on the transi stor to di schar @eTiuseoloapsesd t or .
19. The method of claim 18 further conprising converting anal og out put of
the sanple and hold circuit to digital output, prior to said turning on the
transi stor. 205 HolisSiHgNfoTCa @@splagostreesi: ng: @ housing for a display screen;
a plurality of sensors, fastened on said housing, for sensing |ocation of
an obj ect touchiplaréhiy of sehaprscistonedrsh satdhiousings forf setsingd on said
housi ng and coupled with said plurality of sensors, for receiving as input
| ocat i dosakiensafdabyolyect tpuanig thye displayssareenarahd or det er mi ni ng

t herefrom positions of two or nore objects sinultaneously touching the

di spl ay screena controller, fastened on said housing and coupled with said

plurality of sensors, for receiving as input locations sensed by said plurality
of sensors, and for determining therefrom positions of two or more objects

simultaneously touching the display screen.
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