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TOUCH PÄD I'OR EANDEELD DE}'ICE

CROSS REFERENCE TO RELAIED
APPLICATION

The prescnt application is related to Applicâtion Ser. No.:
l0/l 88, I 82, entitled, "Toùch Pad fo¡ Handheld Device", filed
Jul. l, 2002, and which is incorporated herein by ¡efeæ¡ce.

This application is ¡elated to U.S. patent applicatiotr Ser.
No.: 10/256,?16, entitled ':Merhod and Sysrem for Lisf
Scrclliûg," filed on Sep .26,2û2, ardw\rch is incorporated
lrcrein by reference.

This application is also rela ted to U.S. Desigû pâtent appli-
cation Ser No. 29/153,169, etrtjtled 'MEDÌA PLAYER,"
nled on Oct. 22, 2001, ând which is inco¡por¿ted he¡ejn by
referetrce.

This applicationis also related to U.S. Desig¡ì patent appli-
cation Ser. No. 291180,558, entitled "MEDIA DEVICE,',
filed on Apr 25, 2003, aûd nhich is incorporated hercin by
reference,

BACKGROTIND OF THE INVBNIION

1 Field ol the Lùeûtion
Tlìe present invention relates geneËlly to a ûedia player

luving a louch pad. More paticularly. Lhe preseDt i¡venlion
relates to iûproved touch pads.

2. Descdption ofthe Related Art
There exis t today mâny styles ofinput devices fot perform-

ing operations iû a consllûer eiectro¡ic device. The opeú-
tio¡s geneElly correspond to moving a cursor and making
selections o¡ì â display screen. By way of example, the input
dwices may include buttoDs, switclæs, keyboads, ûice,
frackballs, touch pads, joy sticks, toùch screens and the like.
Each of these devices has advantages and disâdvantages thar
are taken iùto account whe¡1 designing the cotrsùmer elec-
t¡onic device. lû haldheld computing devices, the input
devices are Benerally selected from buttons âûd switches.
Buttons and switches ate ge¡eÞlly mechaûical in nature and
prcvidc limited control with regards to the movement of â
cùrsor (or odrer selector) and makiûg selectiorìs. For example,
they ale geDerally dedicaled to ûovi¡rg ihe cù¡sor in a specific
direction (e.9., arrow keys) or to making specific selections
(e.g., enter, dele[e, trumbet etc.). h the case of hand-held
personal digital assisrants (PDA), dìe input devices tetrd ro
utilize touch-sensitive display scleeûs. Whetr usìng a toùch
scree¡ì, a user makes a selection on the display screen by
pointirg directly to objects on the screen usirg â stylus ot
finger.

lD portáble cornputjng devices such as lâptop compute$,
the inpu t devjces are commonÌy touch pads. With a toùch pad,
the movenlent ofan input pointer (i.e., curcor) coresponds to
the relativc moveûents of the ùser's finger (or stylus) as the
fi¡ger is moved alo¡rg a sùrface ofthe touch pâd. Touch pads
caù also make a selectiou on the display screerl whe]¡ one or
morc taps äre detected on the su¡face of the touch pad. In
some cases, âny portioD ofthe touch pad nray be tapped, and
ill othe¡ cases å dedicated pofiorì of t]ìe touch pad may be
tapped. ID stationary dwices such as deskop compute¡sj the
;nput devices are gelerâlly selected f¡om mice and trackballs.
'With 

a mouse, the moveúre[t ofthe input pointel corresponds
1() the relative movemeDts of ihe mouse as ihe ìlser move! the
mouse along â su-rface. Wi¡h a tmckball, the movement ofthe
inpùt pointer co¡respotìds to the relative movements ofâ bâl l
as the use¡ ¡otates tbe ball within a housing. Boih mice aDd
trâckballs geùerally include one or more buttoûs for m¿king
selectioDs on titc display sûccD.
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In addition to allowing input poitrter moveme¡rts and selec-
tiot¡s with rcspect 1o a GUI presented on a display screen, the
iûput devices may also allow a user to scloll âcross the display
scleeû itr the horizontal or vefical directions. For er,ample,

5 mice may include a scroll wheel that allows a user to simply
¡oll the scroll wheel fo¡w¿rd or backward to perfomr a scroJl
action. In addition, totÌch pads måy Fovide dedic¿ìted active
areas that implemellt scro]ling when the user passes hjs ol het
finger linearly across the active a¡ea in the x and y directions.

r0 Both devices rnay also implement scrolling via horizontâl and
veficâl scroll bars ¿s part ofthe GUI. Using this technique,
scrollitrg is implementcd by posirionjng the inputpoìnte¡ over
the desired scroll bar, selecting tJre desired scroll bar, and
moving the scroll bar by moving the mouse or fitrger iû the y

r5 direction (forwards alld backwards) for vertical scrolliDg o¡ irl
the x djrection (left ând ñght) for boizontâl scrolliDg.

With regârds to touch pads, mice ¿nd track balls, â Carte-
siâncoordinate systern is used to monitor the positìon ofthe

.^ finger. mouse and ball. respecrively. as tbey are moved. lle
'" Cartesia¡ coordi¡ate system is geDerålly dcfioed as â lwo

dimeúsional coordjnate system (x, y) in which the coordi-
nates ofapoint (e.g.,position offinger, mouse orball) are its
distances from lwo inteì'secting, oftelt pe¡pe¡rdiculff strâjghl

.- lines. the distance from each beiig measured along a stra¡glìt
" line parallel to each olher Forexâmple, lhe x, y positioDs ol

the mouse, ball and fillge¡ mây be monito¡ed. f lÌe x, y posi-
tions are theÀ ùsed to corespondingly locate and move the
iûpnt pointe¡ on the diÐlay sc¡eeû.

¡o To elaborate furdret, touch pa¿ls gellerålly hclude one ot
more sensors for detectìng the proximity of the firìge¡ the¡eto.
The sensors ale geûeÉlly dispersed aboùt the touch pad with
each seùsor rep¡esetrtiDg ân x, y position. ln most cases, the
sensoß a¡e arranged in a grid of columns and rc¡¡r's, Di stinct x

r5 afld y pos¡do¡ signals. whicb conrrol lhe x, y mo\eme¡r ofâ
poiDlerdevice oo Lhe display screen, are Lhus geDcr¿led when
a fillge¡ is tûoved actoss the grid ofsensors within the touch
pad. Forbrevity sake, the remajdDg discùssion will beheld to
the di scussion ofcapacitive sensing technologies. lt should be

40 noted, lowevet thâÎ the othe¡ tecluologies lüve similar fea-
fures.

Capacitive sensing toùch pads gener¿lly contâiD several
layers of matcrial. For example, the toùch pad mây includc a
protective shield, one or mo¡e electrode layeni âDd a cjrcuit

45 board. Tlrc protective shield lpically covers the electrode
layer(s), âûd tlìe electrcde layer(s) is generally rlisposed on a
fiont side ofthe circuit boa¡d. As is generally well knolv& the
prctectìve slìield is the paÍ ofthe toùch pad that is totrclìed by
the ù se¡ to implement cùßot ÌnovemerÍs orì a display süeen.

s0 The electrode layer(s), on the other hand is ùsed to ;nterplet
the x, y position ofthe user's 6l1ger when ihe user's ji¡get is
restìng or ûoviDg on tlÈ p¡o tective shield. The elect¡ode layel
(s) t).picâlly consists of a plurality of electrodes rhar are
posilioned il columns ald tows so as to fo¡m a grid army, The

55 colùrì'r¡s iÐd rcws are generally based on the Caltesiaû coor,
dinate system and thus the rows and coluùrns co¡Ìespo[d to
thcx andy directioDs.

The touch pad mây also inclùde sensilg electrodcs for
detectiDg signals associated wi th the elcctuodes. For example,

60 the sensing elecfonics may be a d¿pted to detect the chaDge ill
capaci tance a t each oflhe electrodes as the finger passes ovet
tlæ g¡id. The sensing electrcnics are generally locâted oû the
backside ofthe circuit board. By way ofexampJe, ihe sensing
electrorúcs ùay include an applicatlon specific iúegrated

65 circuil (ASIC) that is configured to measù¡e the ¿unount of
capacitance in each of tlÈ electrodes and to compùte tlÌe
position offiûgsr movement b¿ sed on the capacitance in each
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ofthe electrodes. TheASlC may also be coDôgured to ¡eport The iû e¡tioD rclates, i¡ another embodiment, to a touch
this infomatiotr to the computing device. pad assembly capable of transforming a ur", ,ctioo ioio

Refe¡riûg to FlG. 1, a toÌrch pad 2 will be 
_described in motion onto á display screen, the touchiad sy.t"- in"i"ai"g

greate-rdetail. fhe touchpad2 is generally a small reclangulâr a touch pad having à pluraliry of independent and spatialli
area ihat includes a prctective shield 4 and a plùr¿lity of 5 dìstinct ¡utton zones iach oi which iepresents a aifleren:t
electrodes 6 d^isPosed ùndemeath ihe protective shield laye¡ movemeft di.ectioD on the display sc.Ë* .o a" to 

"r.rrble4. Fo¡ ease of discussion, a ponion of the protectjve shield joyslìck impleúentations, multiple-dimensional menu selec-
layer 4 has beenre¡novedto sbow the electrodes 6. Each oftlrc iión or phoio image palning.
elect@des 6 lepresents a diffe¡e¡rt x, y position. l¡ ooe con-
figuration, as a finger I apprcaches the electrode grid 6, a tiry ro BRIEF DESCRIPTION OF THE DRAWINGS
capacitarce folms between the filger I and the electrodes 6
proximate the finget 8. The circuil board,/seNing electronics The present invention is illustated by way ofexa.ûple, âl1d
measu¡es câpacitânce a¡d p¡oduces an x, y input signal 10 not by way oflimitation, in the figures ofthe accomianying
coÍesponding to the active electrcdes 6. The x, y inpùt sigDal drawings and inv,/hich like¡efe¡ence numerals ¡efertó similai
10 is senl lo a host device 12 having a display screetr 14- The t5 elemeûts and ìn wlìich:
x, y input signal 10 ìs used to control lhe movemenl ofa cursor FlG. 1 is a simplified diagram of a touch parl and display.
16 on the display screen 14. As slþwn, the inpùt poirrer FIG. 2 is a diagram ofa còmputing system, in accordtée
moves i¡ a simila¡ x, y direction as the detected x, y finget with orc embodimeût ofthe present invention.
motion. FIG. 3 is a flow diagram Lf signal processing, in accor_

suMr\..fi4.Ry oF TïrE rNVENrroN ' *.:åïi 
:ä".i*;il'ïi'r:iffi ;ffi::'åssins, in accor_

nre invenrioD rerâres, in one embodimenr, ro a.toùch pa¿r iiå:i1J:"."JJåiäiî'r1',iî1ïtiîä n-"*.rr, jo
assenÌbly The toùch pad âssembly iDcludes a toucl¡ pad hav- acco¡dance with one embodiment of the ùventjou. -
ing.one or more sensors that map the touch pad plane into 25 FIG.6 is a diagram ofa communicationprotocJ, ilìaccor-
nati\€ sensor coordiùates The toùch pad assembly also d¿nce with one embodiment ofthe preseni inventió¡.
i]lclùdes a confoller tlïl dìvides the sùrfâce ofthe louch pad FlG. ? is a diag?m of a message format, in accordance
iDio logical deviceùtrits that Épresent areâs ofthetouchpad with orc embodi;ent oftbe preseni invention
that cafì be actuated by a uset rcceives the native values ofthe Þ-lG. 8 ìs â peÌspective viËw of a media playe¡ in accor-
native senso¡coordinâÞs aom dre sensols, adjùsts the native ¡o d¿nce with oni embodiment of the invention.
values ofthe nâtive setrsol coo¡dinates into a new value €sso- FlG. 9 is a froff view ofa media playel in accord.ance with
cia ted with the_logical device un;ts and ¡eports the new value one emboaliment ofthe present i¡v'eniio;.
of the logical device units to a llost device. FIG. 10 is a f¡ont view of a media playe¡ in accordance

l]le iÀveotion relates, in å¡othe¡ embodiment, to â Eethod with one embodimeDt ol the present inventioí.
for a toùch pa¿ The ¡rethod includes mapping the touch pad 35 FIGS. 11A-11D ¿re top vi;vs ofâ media player ir use, in
;nto native sensor coordinâtes. Tle method also inchdes pro- acco¡datrce with one embodiment ofthe preiení invention.
dìrcing nafive vahres of the native sensor coordinates when FIG. 12 ìs a partiâlly broken away peripectiv" ,r;"v./ o¡ uo
events occur on the touch pad. Tlìe method further includes annularcapacitive touch pad, inaccordancô with one embodi-
filtering the mtive values oflhe Dative sensor cooldinates ment of uie present ìnventioD.
based on üe type of evenfs ihat occaÌ¡ oû tlìe touch pad. The ao FIG. 13 i; a lop vierv of a sensor anangemeDt of a toùch
medrod additionally include\ €enemling a control signal pad, in accordancì with a¡othe¡ embodim"ent of th; p;""nt
based oû the nâlive vahres o[ the ûative sensor coordinales i¡venlion.
wheD a desired eveDt occùrs on the touch p¿d. FIG. 14 is a top vjew of a serNol. âÍangemellt of a touch

the inveûtion rclates, irl another eDbodimeût, to a sigùal pad, in accontrncì with anodre¡ embodim'eut ofthe present
processing medìod. The method includes ¡cceivìllg ¿ cuneDt 45 invention.
use¡ locâtiotr Tlæ method also inclùdes dete¡mini[g the dif- FIG. 15 is a top vierv ofa senso¡ a[angeûent ofa toùch
ference in user location by comparing the currerrt xser loca- pad, in accordance with -oth". "-¡oãiro'JJ,lr; ;r;"";tion to a last user location. The method Íùrthe¡ includes o¡lv hvenfion.
oulpulting llte current user location when rhe diflerence in
use¡ location is larger tllan a rlùeshold vâlùe. Tlìe met¡od 50 DETAILED DEScRIprloN oF THE INVENTION
additionally iùclùdes co[vertiûg the outpufted cuÍent user
location into a logicål device r¡nit. Mo¡eove¡, the me¿hod The present invention will row be described in detail witlÌ
ilcludes geDerâting a messâge for a host device. The message ¡efererrce ro a few prefe¡red embodinents tte¡eof as lltus-
including the more logical Ììser locâlion- The more logicãl trated in tlìe accompanying a**;ng.. l" ìi" ioìL.,-i'ng
user locåtion being ùsed by tlæ host device to move a control 55 ¿lescriptioq numeroùs specifi; detaih;re set fo¡th in o¡de¡ tã
object iù â specìfied mauìer' providì a tliorough ÙIdôrstanclfug ofthe present iù\,elton. It

Iheinventionrclates, inanotlrcreùrbodimeùt, toa rnessage will be appareur, howevet to on; ski e¿ ilr the art, tbat the
froÌn a toÙch pâd âsseubly to a lrcsl devjce ill â compùter preseût i;;ention mây be pr¿cficed without .o^"'o, ult oi
system t¡at facjlilales bi-directionâl comùùricâtions these spr:cific details. ln othcr instanccs, well known prÐcess
behveen the toùch pad assembly and the host device. The oo s teps hive not been described in detail in o¡de¡not tJu¡ùec-
message includes an event fìeld identifyiúg whether tlìe mes- essarily obscure the p¡eseùt irventiol¡.
sage is â toùch pâd eveût o¡ a burtoû event. The message also FlG. 2 is a diagraDì of a computiûg systern 20, in accor-jùclùdes an event identifier field ideùtìfyìng at least oùe eve¡rt dance witÀ one Ãbodi-"ot of ra" i."L"t ;ou"otiì". ra"
pa.ramete! each event Pâ¡ameter having aD eveùt valùe, the compùting systenì 20 includes a1 leasia use¡ iú ertace22 

'lltdeve4l value lô¡ a touch pad event pa¡ameler indicatiDg an gs a hoit clevice 24. The user inteÍàce 22 is configured to pã
absoluleposition, ihe eventvalue for a buttoD eveDt påramete¡ vide contrcl informatioù for perfoûing aclionl in tlr" ilo,t
indicating bùtton statùs. device 24. Bylvay of cxampte, tlr" u"tioi" ,rruy inchrJ" -ni_
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ing selectio[s, openiDg a file or documeût, executirg jnsfuc- example, the contloller 38 may corespond to an applicatiotr
tjons, starting a progr¿m, viewiDg a menu, a.¡rd-/¡rthe like. The specific integråted circuit (AsIc), aná it ûay ope;;te ullder
actiors may also include moving aD object such as a poiûteror the control oÌ Fi¡mwa¡e storcd on the ASIC.
cursor on a display scree[ ofthe host device 24. A]thoughnot Refer¡ing to the controller 38, Lhe coDtroller 38 is config-
shown in FIG 2, the user interface 22 may be iùteg¡ated with 5 ùred to mÑto¡ the sensors oftle toùch buttons 34 and touci
the host devjce 24 (withiD the same housing) or it may be a pad 36 atrd decide what i¡formarion to rcport ro the host
sepamte compoDetrl (different lrcusiûg). device 24. The decision may include filterin; â¿d-/or conver-

1.lre user iûterface 22 iùcludes orìe o¡ more touch buttorìs sioÂ processes. Tlrc filtering process may be"impleme¡rted to
34, a touch Pad 36 and â corìtrolle¡ 38. The toùch buttoos 34 redùae a busy dâtâ stream; that the host devìce 24 is trot
generale bùtton daTa when a use¡ places their fnge¡ over the t0 overloaded rvith redun¿lâùt o¡ non-essential data. By way of
touch button 34 The touch pad, on the otJrer hând, gener'¿tes exaûplq a bùsy da streåm may be created when'muttipte
position data when a user places their fiIger (or object) over signais are proãuced at Dâtive seDso¡ coordi¡ates 40 that à¡e
the touch pad 36. TIle contrcller 38 is conîgìred to acquire in close proìimity to one another. As shoùld be appreciåted,
the bùtton data from the Îoùchbuttons 34 arrd the position dâta processing a busy data slream tends 1rl require 

" 
toi'otpo*"r,

f¡om the touch pad 36. The cont¡oller is also confgured ro r¡ ãnd therelo¡e it can have a disastrous eflect oo pôttuué
outPìrt control dâla âssociated wilh the bùtton data and,/or devices such as media playeß that use a bafiery *it¡ á limited
position dáta to the hosr devrce 24, In one embodimeot, the power supply. Generally speaki4g, the fiitering process
controlle¡ 38 o y ouÞùts contol dâta associâted witlì the th¡ows oui¡edundant signals io thatãey do ùot¡eaJhihehost
louch bùttons whell ihe button status llâs changed. In anothe¡ device 24. h one implãmentation, the controller 38 is con-
embodiÌ¡ent, the controllcr3S only oùlputs control dalâ asso- 20 figurcd to only output a control signal whe¡r a significânt
ciatedwiththetoùchPadwhen the positiondatahas chânged- cñange in sensor signals is detecteã. A significanichange
The conhol dâta, which ûay include the raw data (button, correiponds to thoõ changes that are si[nificaut, as fãr
position) or some form ofthereof, may be used to ìmpleme¡t example, wheo the user dec'ídes to move hi-s/Jrer finger to a
a cont¡ol fùnclio¡Ì iÀ ihe host device 24. By way ofexample, rew positjoù mthet than when the uset's fingel is-sjmply
the control data rnay be ùsed to move an objecton rhe display 25 rcstingona spotardmovingeverso slightlybecãuse offingá
30 of the host device 24 or to mâke â selectioù oÌ issue a balaaðe (toggting back ana-torthl. ttre-nttt p-""., -uyi"coûûaùd irì tbe host device 24 implemented througJr FinÌrwaÌe as part of'the applicaiioD

The touch buttons 34 ånd toùch pad 36 gener¿lly include specific integated circuit. -

one ol mole sensors capable of producing the button aûd TLe conveßiot¡ p¡ocess, on the otherhand" is implemented
Position dâta. The sensoß of the touch buttons 34 and touch io to adjust thc raw d;ra into óthe¡ form facton úefore'sending or
pad 36 ¡úay be distinct elements o¡ tlæy ûrây be grouped rcpofingthemtothehost device 24. That is, the controllei3S
together-as Pâ¡t of a seûsor arr¿ngementi i.e., divided iflto mãy convert the raw data itrto other tlpes ofdãtâ. The other
sensors fol the touch buttons 34 and sensors fo¡ the toùch pad t'?es of data may hâve simila¡ o¡ diife¡ent units as the mw
36. The sensors of the touch buttôns 34 are confrgured to ¿lâta. ln the câse of the toùch pad 36, the controller 3g ûay
ploduce sigllals âssociated with bùttoD status (activated, not 35 convert the position d¿ta ìnto o'thert'?es ofposition data. Fo'r
activated). Fo¡ example, the bùtton stâtus may indícâte bunon examplq thè controller 38 may convert absoìute posjtiotr data
activåtion wh€n an object is posilioDed over thr touch bùtton to rclative posilion d¿tâ. As s'hould be appreciaied. absolute
and bùttorì deactivalion at other times (or_vice versa)- The position reiers to the posirion ofthe finger on the iouch pad
sensorc of the toÌch lad 36 arc configurcd prcdùce signals measured absolùtely wjth respect to a' coordinare systlm
associated with the absolùte position ofân object oû or neå¡ 40 while re¡ative position ¡efen tà a chânge in position åfthe
thetouchpad36 lnnrost cases, the seDsors oftlìe touch pad fiùger relative to the fnger's prwious pÑtiou. The coitroller
36 map the toucù pad plane into native or physical sensor 38 may also convert multiile absoùte coordinates into a
coordiÌìates 40 The native senso¡ coo¡dinates 40 may be sitrgle absolute coordimte, Þolar coo¡dinates into Cartesian
ôased on Cartesiaû coordinales or Polar coo¡dinates (as cootdinates, aùd/or Cafesiân coolditrates jnto pola¡ coo¡di-
slrcwrì). When Cârtesian, tlæ native seDsor coordinates 40 45 ûâtes. The cont¡ollet 38 may also collve¡t the positiorÌ data
t)?icaÌÌycorrespond to x and y coordinates. when Polar (as into button data. For example, ihe controller may generate
showÌ), tllæ native se¡sol coo¡dinates typically coÍespond to buttoù control siguals when an object is tapped o'n ã prede-
radìal ard argnlü coordimtes (r, e). By way ofexârnple, the termined portion of the touch paã or oth#control sigDals
se¡sors may be bâsed o¡ resisrive seDsiùg, sùrface acoustic when an object js moved io a prédetemrined manner ové_¡ the
wave sensing, pÌessute sensi[g (e.g., straiD gaùge), opticâ] 50 touchpad(e.g., gesturi[g).
seûsing, capacitive sensing and the like. The convenionmay also includeplacing the coûtrolsignal

In olle embodime[1, tlrc ì]se¡ i¡terface 22 inclùdes a sensor in a foamaf tllât the ùoìt device 24 can undã¡srand. By wa"y of
allâllgement based on capacitive sensjng. The ùscr interfacc exampÌe, the controlier 3S mây follow a prcdet.rmine¿ cåm-
22 is tlrclefore arlâllged to detect chânges in câpacilance as a mùni¿adoû protocol. As is general]y weil knowo, 

"o.ro.roi-fiDgerruoves, taps, or rests orì ihe touch butto[s 34 aDdtoùch 55 catioù p¡oto¿ols are a setofÃles anáprocedures fórexchang-
pad 36. Tile caPacitive toùch assenbly is for¡ed l-rom various ing d.atâbetween hvo devices such as ìhe use¡ in terìace22 aíd
iaye¡s including at le€st a set of labels, a set of elecÍodes th; host device 24. Commudcatio[ protocols typically traDs-
Gensols) â¡d_ a printed cjrcuit boârd (PCB). The el€ctodes mit iûjlormation ir data blocks or paókets thar cónaio ¡r" ¿rt"
ale positioned oDlhe PCB, aDd the lâbels a¡e position over the to be tmDsmitte¿l, the data requir; to gùìde the packet to its
electrodes. The labels serve to protect ihe electrodes and 60 ¿lestinâtion, and tlæ data that io¡¡ects i¡o¡s that occur along
provide a surlace for receiving a finger thercon. The label the wây. The con1rcller may suppo¡l a variely oI com[runil
layer also provides au iDsulating sùrfâce belweel the finger catiotr protocols for courmunióáting with túe host device,
and the electodes- As should be app¡eciated, the controller 38 inclùdi;g but not limited ro, PS/2, Se;al, ADB and the like. In
cart detemìirle bùtton status at eâch of tlrc touch buttons 34 orc pafti¿dù impletrlelltatioll, a Serialirorocol rs used.
and positio¡ oI Lh€ 1ìnge¡ orr the touoh pad 36 by detecting os The conversioÂ prccess may ìnclude grouping ar least a
chânges il'l capacitaDce, I¡1 most cases, ihe controller 38 is portion ofthe native coo¡dinates 40 togaìrer io fãrm one or
positioned oll the opposite sidc of the PCB. By 'q/ây of morc virtual actuation zoùes 42. For eùmple, the controÌler
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38 Ûìay separate the sùrface ofthe touch pad 36 into vifual fingerto a rew positio¡1on the touchpad. The noise events a¡e
¿ctùation zones 424-D and co¡rvert tlrc nâtive valùes of the filtered out and the actual wents are passed through the con-
û¿tive senso¡ coordinâtes 40 itrto a trew v¿lìle associated with tlollel 38,
the virtual actuâtion zones 424-D. Tlìe trew value may have r ith actual events, tlle controller 3g determines if the
simjla¡ or dillerent units as the native vâtue. The new value is 5 position d.âta should úe aa¡ustø.If noi, tfte;;rrd";¿;;
typically stored at the contloller 38 and subseqùmtly passed rcported to the host devjóe 24. If so, the pìsition data is
to the lìost device 24. GenemÌly speaking, the coÍroller 3E convefied itrto other form facton including bit ûot limited to
ouÞùts a coûtlol sigoal associated with a particular viftual other position dâta or buttorì data. Fo¡ example, the nâtive
âctùation zone 42 when most ofthe sigùals are ûom native r¡alues of the senso¡ coordinates are convefed iûto a new
sensol coordinates 40 located wifhin the ÞâlÎicular virlùal t0 value associaled wilh a selected vi¡tual acfuation zotre. Aïter
aclüafior\ zjol.e 42. the conveßion, ihe co¡t¡oller 38 ¡epofs ihe cowerted data to

The virfual actuation zones 42 geftmlly Ìeprese[t a ¡tore thehostdevice24 By way ofexample, the contrcller38 may

logical range ofvalues than the na--tive senso¡ c.ordj;;t* ;0 lass 
the oev'/.value to a mâin system processor that execùtes

themselves,i.e.,theviruulr"tu"r;oo^o"'Jüi""0-."ì*ït';;;,. tt--:t"'oolication program mning on tlÉ host device 24'

o-ltouch pad 36 that canbe bette¡actuated by a usê¡ lmaeni- 
- 

..RefèÛng to the hosl device 24, the host device 24 gene¡-

tudes lffger). The mrio of nârive ."oro, 
"áo¿¡rie;i 

ally^iDcludes a contlol circuit 26. The control circuit 26 is
vi¡tual aùuátio[ zones 42 may be berweer abo;lót'i ; ::gry:-T tt..."i:""]" insrucrions and carry oùt operations

aboùr 1: r, and mo¡e pa'ti"ur.iy 
"t"rt 

s,i. r".""*äoieìi :::::,'::T :'^1 t" h*l device 24. For example, the control

touchpad may incluãe rzs v¡rtuar actuation"a¡äîuíä åì . iji#:,if JiË,¡tii"Hj:ïfJ':""_îj,i#" jr'iH"Ji
1 024 native sensol coo¡dinates-

rhe virtual actuatíoû zones 42 mav be widery varierr. For tJ"ïf;,ät"rî,t:"ffrHt3:ï::31'äJ,rti#J*::Hi1
exam-ple,_they may represe[t abso]ute positions on the touch between the host device Zi an¿ ttre use¡ inier¡ace Zz- flle hJ
pad 3ó that a¡e magdtudes large¡ than 

_tbe native sensor .. dwice may additionally include a display 30 configurerl to
coordiûales 40 For examplq the touch pad 36 cirn be broken 25 produce visual info¡mátion 

",t"n ", rË*t La g*pniil o"'ã
uP iûÎo lârBel slices than would othe¡wisebe attainable using display screen 32 via display 

"o--on¿, 
f-i1 ri" -ot.ojthe native seûsor coo¡djnates 40. In one implementarion, the circuii 26. By way of exr"¡ã, rfl" 

"l.uni 
infoÃ,i"";tî;

virtuâl âcfuatioù zones 42 a.re dist¡ibuted or trÌe touchpad 36 in the form;f a !¡aphic"r uì"i i"t".r*" ¡clrr;ãtir"r-gh';Ìr'ilhitr a.râ¡ge of 0 to 95 ângular positions. The anguiar ,^ shown, {he host ãevice may adclitioouttyìo"lua" oo" or"mãie
p-osition is zerc åt the 12 o ciock positjo¡ ârd prcgrãsses t0 

speakers or jacks that coníect to he"afiroo"rlip*t"..."'. 
-

clockwise 1o 95 as it cornes arcund to 12 o'clock agâin. 
_ 

The 
"ootll cirqrit may be widely varied. The cont¡ol

. The virtual actùâtio4 zones 42 may also represe¡t a¡eas of circuit may itrclùde one or more procéssors 27 ,h^ a;J;;
the touch pad fh€t caù be actuated by â ùser to implemeÂt with an oieratiag systen operaté to execute computeicode
specifìc coDrol fuuctioos such as bunon or movemeol func- ". and produce and-use daø. Tbe processor 2? ca¡ be a sinole-
lions wjlh regards lo bulkrn lunctions.lbe_virruirlacruaLion " chip proces so. ,-,r ca n be;mpleÀenrert u ii¡."Xþi".;;?;
zotes 42 ù'ì¿y co[esporìd to button zoûes thât âct like touch neDts. The compùte¡ code and data may resid" iultn" ã'utu
buttons wilh rcgal¿ls to movement functions, each of the stomge that is àperatively coupled to ihe p-""rroioìi,
virtu¿l actuatiorì zones 42 may cor¡espo¡ìd fo diferent move- storage generally'providei a place ro hold dåtu tlrrt ;. uã"g
ment directions- such th€t they act rike arrow keys. For oo used úy ihe comiuìer system i0. Byway ofexample, the datã
exaûrple, vi..u€l actuatioD zone 424 mal rcpreseot an "" storagá may incìude Read,onry trÍemory ßoI"ö, n-¿À.-
upward movernenr, virtual actuarion zone42B Ì¡ây represenr Acceis Memory @AM), hará ¿;"t ¿.irJ 

"n¿ái 
or" lit".

a downward movemeDt, virtual acûrâtiotr zone 42C Íiay rcp' Although not shown, dí control circuit may a]so include an
¡esent a left movemeut, aDd vjrtual actuâtioù zotej2D mày iupuloutput coltrolier that is operatively cJupú ;; dr" ;;
1;+-l::ïtdåbr*:*.".n1. As should.be åppreciared- rhis rype o, ..ì.o. lir. i¡pul/ourpur contioller generaliy op.**.'Uy
ol louchpad conhgumtion may enâblegaDe srick ilnp¡emen- exclungi-ng data between rbe bost device zì -¿ rtre tó
tatioDs. two dinìe¡sioùal menu sclectioù, photo iûâgc pall- devices rhãt desire to co¡rmù¡jcate r¡r'ith ihe host device 24
ning ard the like. (e.g., touch pad âssembfy ZZ1. ffr" 

"o"tiof "i.ñt ui* typi_
Although not showl, the cont¡oller 38 ûây also ìnclude a câlly ilcludes a display controller that is operatively coupíed

stomge elemeDl. f]Ìe storâge ele¡ìe¡t Ðay sto¡e a touch pad 50 to the prccessor. Tlæ display controJler is configuled 10 pro-
progranl lor controlliDg different aspects ofthe user interfâce cess display commands to p¡oduce text and graplics oû the
22. For exarnple, the touch pad program may coDtaiù vi¡tuâl display screen 32 of the host devìce 24. Tbe inpu/orìlput
âctuâtioll zone profiles tlì2t desc¡jbe how the viÍuâl actuatioD coDt¡olle¡ and display coìrtoller may be integlated w¡th ihe
zotres are distribùted around the Îoùch pad rclative to the prccessor o¡ they may be separate compotreûts.
¡ative seDsor coordinales and what lypc of value to ouÞut 55 It should be noted that the control circuìt 26 nìay be coD-
basecl olì the rìative values of lhe Dalive se¡so¡ coordinates figured to perform some ofthe same functions as th; control-
selected and ihe virtual âctuation z.oDe cores?onding to dìe le;38.Fo;example,thecontrclcjrcuit26Ì¡ayp".to..on-
selected native sensor coo¡dinates. veniol processes on the data recejved f¡om tÉ èo¡trolle¡ 3g_

Itr one paficrlâr toùch pâd operation, llrc coùtIoller 38 The corlvelsioD Dlay be performed on raw data or on already
receives t}e posit ion daþ lrom the touch pad 36. The coulrol- 60 converted d.âLä.

ler 3E then passes ùe data through a fiitering process. The FIG. 3 is â flow diagr¿m of signaì processing 50, in accor-
filteringprocess geÌerally ircludes detenniûirg ifthe drta is dance wifh one embãdime¡t oî ttJ in,,eotioi. gi *"y;f
bâsed on noise everts or actual evenrs .Noiie events ale examplq rhe sig¡a1 processing SO oray beleüo*1ra Ul,fr"
associâted widl ùo¡r significant events such as v,/hen a ùse¡'s 

"ompr.rtiog 
.yst"- s¡owu initc_ z.-s;g;r p-."ssi"g ü

fDger is sim^ply reslirg ona spot and moving ever so sÌigh.ry os generaly begins at block 52 where a useri"npr,;; p;;;d;
because of finger balarce. Acruar events arc associated willÌ tn" usei iot"ifrce zz. ïre user inpur is frìc;jli;ñ;significantevents such as when auserdecides tomovehis,lhe¡ signals gencmted by the seùsor urru"g"-Ltt ni t¡" toucl,
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bùttoDs anl toùchpâd. The user iDput may include Ëw data. the th.reshold tlìen a desired change has been made and the
The use¡ inpùt may also itrclude lìltered or conve¡t4 då]at p¡ocess flow proceeds to btock 76lBy way ofex;p;,- 

'_
Foliowing block 52. úe processiog proceeds ro block 54 . .

where the use¡ iûpul is repóne<i ro the conrrot ci¡cuir of the -"i$,j#fläJ:i.iffiilî"*'
lmst device. The user iuput ùrây colÌtain both button and 5
position data or it mây only contain button dâtâ or position D6iÉd chùge:rcùrrc¡ruse¡rÆatio¡-
data. The ùser input js q/pically repofed when a change is larusqio@rio¡t=Tlùetold
made arrd arore particu]arly wherr a desired c]ìange is made-at IÃ one embo¿li¡ûent, the tb¡eshold may be defined as the{re use¡_interface (filtered). For exaûple, buftor datâmay be 

".-¡", ãf"*r*L*fs tlrut o""a to "l*!" io "á;;; ;"p;reportedwher thr bìrtton stalus has chânged a¡d posirion dâTa ro ;;h;;" l; ü;;.", n'g", to""rioo to ttrË *ã¡;)"Ã ñjmav be repored wheD the positioû of a 6'ger Fl +3gd_ *r.oiZiin" mri¿*icã. n one parttcutai im¡il;;,i;;,Followitrg block 54, tbe processing prcceeds to block _56 rl"ir"Jåìã i. 
"q"a 

t" âbout 3. The thrcshold may be detcr_whe¡e an actiorì is perfomed in tl¡e host device based oû the Ã""ãif tfr" i"ifå*i"g 
"qr"t;"",Ùser input. The actions are typically controlled by llte control

citcuit ofdrc lìost device. The actions mav include makins t5 t¡fs}otd(T):Cr(¡¿tive se¡sor coordimte resolùtio¡/

selections, opening a file or ilocument, execíting i nsrroctions] logicâl dwice uìit resolutio¡),

starting â progr¿m, viewiDg a menu, and./o¡ the like. The where fhe native se¡sor coordinate resoÌutio¡ldefitres the
actions may also includenroving aû object such âs a poiotero¡ maximum numbe¡ of dilïerent positions that lhe senso¡s a¡e
cursor on a display screen ofthe host device 24, âble to detect for a specific plane coordirate system, the

FIG. 4 is a ffow diagrarn oflouch pad processilg 60, iû 2p logical devìce uait resolution defitres lle numbei ofvalues
accoldance with one enbodime¡rt ofthe inveniioL Toùch pad that are com$u¡jcated to ihe main system p¡ocessor of the
processiùg 60 geoe¡ally begiùs at block 62 where al least o¡re host device for the said specific plane coordinate s)stemJ and
control object is displayed on a graphical user interface. The coefrcie¡t C deÊnes the width borde¡ ârea between the clus-
co[trol obj ect may be a cursor, slider bar', image o¡ the like. te¡s ofnative serìso¡ cooÌdinates that defire one logical device
By way ofexampie, the GUI nÌay be displâyed orthe display 25 unit.
30 of t¡e ¡ost device 24. The GUI is typicâlly urdea the 'Ilìe coefficiert C is gererally deteûiDedbyrlrc sensitìvity
corìtrol of the proces sor of the host device 24. needed to iûitiate a user event to the main system p.o""".ot oÌ

_ 
Following biock 62, the p¡ocessing p¡oceeds to block 64 the hostdevice. It customizes the thæshold value to the physi-

where ân aûgula¡ or ¡adiâl refe¡eùced input is received. By cal limitátjo¡rs of the seûsor tecb¡ology and the expeðted
way ofexam¡lc, the angular or¡adial rcferenced jnput may bc ao ùoise of the useÌ finger events. Larger values tend t; fllter
prodùced by t he user i¡ler fâce 2 2 a¡d recejved by L he Droces- more eveots and rcd uce seDsitiv ¡ry. Tbe svsrem desisne¡ m¿v
sor ol'lhe ltost device 24. The angular or ¡adial rel'erenced pick Lhe exact value ofC by tesúng sevenl values_Lo strik"e
inpùt may be raw d.atâ formed by the sensor ar¡angemerll or opfi¡nal bâ]ance between sensitivity ând stability ofthe use¡
coDverted d.atâ for¡¡ed ât the controller. FurthemÌore, the mw finger location. flrc coeflìcienr C is typically a vãlue between
or mnverted data nray be fillered so asto ¡educe a busy data 35 0 and 0-5, and more palicularly about 0.25. As shoì¡ld bestreåm. app¡eciated, the tlùeshold (T) is about 2 whell the nâtive

Following block 64, touch pad processing prcceeds to sensorcoorditâteresolutionis aboùt 1024, the logical dwice
block 66 where the control object is modified based on the unit resolution is about 128 and the coeffcieñ is âbout 0-25.
angular or radial referenccd input. For cxamplq thc direction Itblock 76, a new vâlue associated with a paficÌrlar logical
that a cootrol object such as a football player jn a football ao device ur1it is generdted based on the changed native se]rso¡
ganle is movi¡g may be chaùged fioÌD a first diectioD to a coolditates associated with the paÍicular logical device unit.
secoÈd direction or a highlighl bar mây be moved through Ìn most cases, thc mw numbe¡ ófslices in íie fonn ofDative
rnultiple irnages iD a photo librâry. The modiûcation is rypi- setrsor coordi¡ates are groùped into â mote logical numbe¡ of
câlly implemented by the processor of the host device. slices in the fo¡r of logìcal device u¡its (e. g., virtual âc hra-

FIG.5 is a ffow diagaù ofa touch pad processing 20, in a5 lion zones).
acco¡dance with o¡e enrbodiment ofthe iovention. By way of Followi]lg block 76, t]le process flow proceeds to block 7g
example, touch pâd processing may be perfonned by the whe¡ethelastuse¡locationis updated. Tirat;s, the lastcurleDl
controller showù in FIG. 2. Frì¡thermo¡e, it may be associated location is chånged to the cu¡¡ent lse¡ location. Tlle cu¡¡eDÎ
witl blocks 52154 and 62 shown iù FIGS. 3 and 4. Toùclì pad userlocatior now acts as the last user location for srìbsequent
processing 70 generally begì¡s at block 72 wherc a cùr¡e so ptocessitrg.
user location is received. fhe currenl use¡ location cor¡e- Followìùg block 78, theprocess flow proceeds to block g0
spoûals to the cuIreDt locâlioû ofthe user's finge¡ on tlìe touch where a meisage is sent. ID most casesi the rnessâge is seÀt
pad For cxâmple, thc control¡er may detect the chaDgcs ìD wheDthe differe¡ce between the cur¡ent-and lasr useilocatjon
sensor levels â1 eâch of the native sensor coordi¡åtes and is la€er thân the tlÌ.eshold r,]aiue. The message geDera y
dlereafte¡ detemìine the cùrÌelt location oftlrc user's nûger 55 incluales the nev,, vâlùe associated with the setãctei togicá
oû the toùch pad based on the change in seDso¡ levels at each devìce ulút. By way of example. the tou.¡ pua orry 

""íri 
n

ofthe ûative seusor coordiúates. message to the main system'práces.o, of ir" no.t' ¿"ui"".
,Pollowing 

block 72. the process llow proceeds to block 74 wherl received by ihe inain system processor the message
wlìere â detenûDat¡o[ is lnade âs lo \,v helher the cÌ]Íent ùser may be used to makc an adjùs¡nent i¡ì the host device, i.ã.,
locatiolìiswithinatlìresholdûomthelastuserlocatio¡,i.e.,60 caùse a control object to móve in a specified manner
lhe usel locatioD úaL Precedes the cuûent ùser location. ln FIG. 6 is a diagram of a communication protocol g2, in
some cases, the cuÍent user iocation is conìpâred to the lâst accordance withone embodimeùt ofthepreseDt iDvenion. ny
user location to detemìne the diffe¡ence in user localioù, ì-e., way ofexample, the conlùu[ication protocol may be used by
l¡ow mucl¡ novement occuûed between llle cuüent ând last theuser inte¡face and hort a""i"" .f Þfc. z- in tlr'i, prrti.ufr',
readings. If Lhe currenl use¡ Ìocatjon is wilhin lhe tlùeshold 65 embodìEent, tbe user interlàce 22 hrr 

""" 
à;;;;J i;;;ì

then an undesired changelüs beetûade ard tlÌe process flow ACTI\æ liû; that is contuolled by the controj circuit 26. ire
pmcecds back to block 72- lftlæ currelìt ìocation is outside state ofthe ACTIVE line sigDal may Ue ser at LOW or HICH.
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The hold switch 28 r¡ay be used 1o cha¡ge the state of the the user tËvels (e.g., the user is rot limited by carrying a
ACTI\G line signal (for example whel the hoÌd switch is in large, buþ and oftel-herty a."i"", 

". 
;n 

" 
i"pi.p or".tliloiot

a first posìtion o¡ secoûd positioÐ. As showjr in FrG- 6, when coÃputer). For exampl", in the 
"u." 

of, -uli" pr"y"., u u.",theAcrr\G sigral is set ro HIGH, the use¡ inte¡race 22 sends mayìse tire de*,ice wrrile working out at the g,m. in case of
a s''ûch message to the cottrol circuil 26 thaf describes the s a cu-"m, au."rmayuse thedevicã whi1emo"it"j";i-b;;
Button and Toùch pad status (e g , button state a¡ìd touch pad In the case of¿ game playc¡, the ùser can use the device whiL
positioû). ln one embodiment, new synch messages âre orìly tmveling in a c; Fu;hermáre, the device may t.op"or"àiy
sent when ihe Buttoù state and/or the 'Iburh Pad stâtus the users hanils, no reference su¡face 

"u"his 
a ä".ktop ì"

changes. For exâmple, when the touch pad position has needed (this is shown jn greater døail - FiG;j:-ì;i;"
clìanged withit a desjred limil. When the 

^CTIVE 
signal is 10 illustrared embodiùen! thã media player foo i. á p""i"r

set to Low, úe use¡ interface 22 does rrot rend a synch sized hand held MP3 ¡nusic player that á ows a user t; sto¡e
Dessage to the contol circuit 26 \Mrcn theAcTIVE signâl is a large collection of music (e.j., in some cases up to +,ooo
toggled from Low to HIGH, the user iDterface 22 sends a cD-quality songs). By way ãf exampre, dre Nips m;sic
Bunon stare and toùch pad position message. This may be pr"yeì-uy 

"o'.åiooato 
hé ieoa vl¡rry",*u"urn"i*"a

used on sl¡Íup lo ¡ùilialize lhe slare. wïen ùe AcrrvE rs by Àppre i-ompurer ofcupenino, ccriliAilhoup.h ùsed Þri-
signal js Loggled lrorn HIGH Lo Low. rhe uscr ¡nrerfácc 22 mari Ç for storiìg and ptuy;ng -r"i". J" M p3 

"ï.i;;ì";,does not send a sy[ch message to tlìe control circùit 26. ln one shown [erein ma'y atso jncluãe additional functionality sich
embodinert, the ùse¡ jnterface 22 is conlìgured to senda.hvo âs storing a calenda¡ a¡d phooe Iìsts. 

"..ì"gand;;t;;;data bJ¡te message ifboth the BùÍons and touchpad positions games, sioring photos and the like. In îact, inio." Ë*ér, i:t
changes sirce the last message was sent, aDd a one darâ by'e ro may act as a ñighly transpofiâble stomge áevice.
mcssage if only one bùr1oD state or touch pad position À slown ii nc. 8, the nedia piayer 100 incrudes achaDges. hoùsitrg 102 that encloses iutemaliy vari'ous electrical com-

.FlG.7 is a diagram ofa message forrnat 86, in accordå¡ce poneú; (including integrated cirÁit chips and other cir-
with oDe ernbodiment of the p¡eseût inve¡tion. By way of iuitry) to provide iompuiing operations foi the media player
cxample, the messagefo¡mat 86 may corrcspojrd to the slmch 25 100. h aáditjo¡\ the housin'g Lay also aefin" tlr" 

"f,åfãoimessâge described irr FIG. 6. The message fon¡at E6 may fomr ofthe medi-a playe¡. Th;t is, i¡e contouroftn" rrol.i"g
lory ? *9 ¿lâfa by,e inessage o¡ a oùe d¿ta b)te message. 102 mây embody thé outwad physica¡ upp"*",r"" orth!
Each data blte is configured as an 8 bit message. The upper media piayer 10d. The integraæá circuir cliis 

"nJ"in"i "ii-Most sjgnificatrt Bit (MSB) of rhe messag_e is the event rype cuitry coniained witnin rheiousing may ìnJ'ud;;;";p--
(1 bit) a¡dfhe lower Leasr Significant Bits (LSB) arethe weir :o cessor (e.g., CpU), me'rory f".il nól¿, iÁ[O,-;ö;;.
value (7 bits). r"ppty ieg., tatæry¡, a c;rcui 

"táar4 
a'lurd díve,^ othei

The event value is everú type specific. In FIc. z, the event -"i"ó.yq"-g-, n*n);¿vorva¡ioùs input/ouÞut (vo) support
fype bits are marked as 80, ând the event value is mârked as circuitry.'Tñe electrical cornpolents^may aiso ;ìt"lí¿" ãå--
D0-D6 As indicated in the diagmm, the event lype rnay be a ponents for ilputting or outpitting music or sourd such as a
touclì pad posilioD clürge E-r or â button srâre change E0 :s microphone, ainprinä ana å a;dãt signal pr"";;;;aDsp).
when the button is beitg touclrcd o¡ E1 wheD the bulto[ls nor T]re eiect¡ical components -uy ulro io"hdå .o-pooÀts fo,
being louched. fhe everìt values måy corres?ond to difrerent capturing images sirch as image sensors 1e.g., ch"rg";;l"d
bùtton ev-ents.such as seekirg forwa¡ds (D4), seekilg back- device ¡ccDj o¡ compür;erìtâry .ìr¿Ë' *-iäoJ,ri"iài
wards @_ 

j), playilgandpausing (D2),prcvidiDga menu (D1) (CMOS)) or optics (e.g., ienses, spiitters, fi1ters).
and makiùg sel€ctions (D0). The eveDt vâlues rnay also cor- ¿o In thl i katea ;;bodime;t, the media player r00
respoDd to touch Pad events such as toucl4ad position (D5). i¡ìcludes a llard ddve thereby givilg the medi, ilãy- ióó
For example, in a rouch pad úat dennes trìe rogicar coordi- massive storage capacity. Fo; e;am;re, a 20 cgìl"ia d.iu"
mtes in polar coordiûales ûom 0-127, the event valùe may can store up tã 40d0 songs or aboui 266 hou¡s ofmusic. ln
cor^eJpotrdlo a¡ absolùte 1oùch pad positìoù in tbe range of cofirast, fla;h-bâsedmedi-â playe$ oltavemge store up; l2i
0-127 angular positioÀs whe¡e ze¡o is 12 o cIock, 32 ia 3 o 45 MB, or about two ho*., oî .,rri". Ïr" huia d";'r;;;fy
clock, 64 js 6 o clock aDd 96 is 9 o cÌock, etc. going clockwise. mây be widery varied (e.g., 5. 10, 20 MB, erc.). ln addit'ion tá
The event valùes may also conespond to a reserve (D6). The dre' ha¡d d¡ive, the r¡eãiâ player 100 ;ho;À he¡eìn also
lesefle is ¿n ùtused bit that llìây be ùsed to extend the¿Pl. ìncludes a battery such as á rechargeable lithium polymer

FlG S is a perspectìve diagram ofa media pJayer 100, in battery. These tyie ofbutt".;"r ut" 
"íp"ti" 

oì onlriig ãtoui
accordatcewithone ernbodinent ofthe present iûvelìtìon. By so 10 hours ofcontiûuous playtime to the media playerioo.
way ofexaûPlq the media player 100 mây_geoerâlly corrc- The media player 10õ aiso includes a displåy ícreen 104
spoûd to the lÌost devìce shown jn FIG. 2. The rerm "media and related ciËuiíry. fte airpf uy 

""*"o 
roa ii,Éã i" aiì¡uy

plâye¡" gcnerally refcß to computing dcvices that are dedi- a graphical user inierfacc as wéll as other infon¡atìon tJ tÉ
câted to processir¡g media sùch as âudio, video or oÌher ùs;r ie.g., rext, objecrs, graphics). By *"y "i;*rr"pf;,;;;images, asior example, music players, gùre pÌayers, video :s displiy icreeû i04 muy t" u tiqriã 

"ry"ta 
ãisplay (fbD). t,,

playeff, vi¿leo recorder$, camems, and the like.ln sorne cåsesJ onó particular embodimenl, the djs;la), 
""rË".r"1'O¿ ",jr.odle media players contaìn sirgle functio¡âlity (e.g., a media spoDàs to a 160-by-128-pixel high-reìoiution display, with a

player dedicated to Playing ûusic) ând in other c¿ses ihe white Leo uackliglrtto give cleaivisibiliry in dayrìgbias *efr
¡r€dia players contâjn mùltiple functionality (e.g., a media as lowJight conditions.-As shown, the display !".än ro¿ i"
player that plays music, displays video. slo¡es pictlùes and oo visible to-a user ofthe media playÉr100 túrorlglr;;.;;;";
the like). In eitlrcr case, ihese devices are geneftlly portable 105 in the housing 102
so âs 10 allow a user to listeD to mùsic, play games or video, Tle media plâyer 100 also includes a toûch pad 110. The
record video or take piqures whe¡ever tlrc user rrav€ls. touch pad is ân intuitive irrt".fu"" tfr"i pÀuiós eury oì"_
- l¡ one enbodimeDt, the media player 100 is a llaùdheld handeá operatiol, i.e., Ìets a ùser mter;ct with the;edia

device thal is sized lòr Placement into a pocket ofthe user. By os player 10ò with one or more 6ngers. The rouch pad 110 is
being pocket sized, the user does ûot have to directly carry tlie configr-rred ro provide one o¡ morã control fu¡ctioi. toi 

"ooldevice and ihe¡efo¡e the device ca¡ be tâken almost any\¡¡here trolling variouì applìcations associâted with tlÌe rneaia flayer
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100. ForexaûPle, the touch initiated contÌol functionmay be pad a¡e used. For example x, y in the case of the Cartesja_D
used to move a¡l object on the display screen 104 or to make coordioâte system or (r, €) in tlie case of the Polar coo¡dina¡e
selections or ìssue commands associâted wifh operatiDg the system. In rclative mode, the change itr position ofthe ñnger
media Player 100. ln order to i¡nplemetrt the touclì ilitiated rclative to the finge¡'s previous pósifon is used. The torich
control filDction, the touch pad 110 may be arrânged 1o 5 pad måy be configured ro opelate in a CaÍesiar-absoiute
receive input fiom a finger movirÌg âc¡oss the zurface of the mode, a Cafcsian-telative modq a Polù-absolute ¡¡odc or a
touch Pad 110, fiom â finger holding a particular position on Polá¡-rel¿tive mode. The mode may be conlrolled by the
the toùch pâd arìd./or by a fiDger tâppiig o¡ì a particìllar posi- louch pad jtself o¡ by other components of the Dedia playe¡
tion ofthe touch pad. system.

The touch pad 110 generally coìrsists ofa touchable oute¡ l0 ln either case, a uset mây select which mode tlÌat they
sulface 111 for receiving a 6nger for manipùlation on the would like to operâte in ihe media player system or the applí-
toùch pad 110 Beûeath the toùchable outer sùface 111 is a cations runnìng on the media player_systãm may automãti-
sensor âr¡aûgement 112. The senso¡ arrårÌgemenl 112 cally set the mode ofthe media player system. For example,
includes one o¡mo¡e sensors that are configr¡red to actjvale as a game application may inform_thè meàia player syste; t;
the finger sits on, taps on or passes ovel theû. The seNo¡ 15 opemte in an absolute mode so that the toucir paå can be
arrângcment 112 may be bâsed on a Cartesjan coordinate operated as a joysfick or a l;sl applicâtion ûay inform the
system, a Polal coordinate systern o¡ some olher coordjnate media playe¡ systeû to operate iriã re]ative mode so that the
system. ln the simplest case, an electrical sigual is prodùced touch pad can be ope¡¿ted as a scroll bâr.
eachtimethe fingeris positioùed over â sensing coordiÃateof ln oûe embodiment, each of lhe zones 113 rep¡esents a
the senso¡armngemeùt 112. TheÌìùmber ofsignals in a given 20 differcnt polal aDgle ihat specifres tlìe angular posiiionofthe
time frame may indicate location, directiorÌ, speed and accel- zone 113 in the ptane oi the touch pad 11ô. By wây of
eratiol oflhe firlge¡ or1 tlrc touch pad, i.e., the more sìg[als, example, the zolei 113 may be positioried at 90 aegre. iucre-
dìe morc tlìe user moved lljs or her finger. h rnost câses, tlìe ments all the \'r'ay atormd the iouch pad 110 or ionrething
signâls are moÀito¡ed by a conûol assembly that convefs the sûaller as fot exaúple 2 degtee irc¡ements all the wai

'¡mber, coûbination and f¡equency ofthc sig¡als into locå- 25 aroùnd t¡e toùch pâd il0. ln one embodimcnr, the rouch paã
lio& directioD, speed tud åccelemtion infonmtio¡ì and 110 may co¡vert i024 physical positioDs itr the fo¡m ofsenso¡
¡ePorts dlis inion|lion to the nran systen prccessor of the coordi[ates, to a more logical raùge of 0 to 127 iu t]re fonn of
media player' This infomation may then be ùsed by themedia positional zones. As shóuld be ãppreciated, the touch pad
player 100 to pe¡fo¡m the desired conl¡ol ir¡ction on ihe il]teruål accumcy (1024 positions) is much larger thauihe
display screen 104. 30 accìÌacy (128 positions)ìeedcd for makìng -ã,"m"nt" on

ln one embodimetrt, the sùfâce of the louch pad 110 is the display screen-
divided ìnto several independerìt and spatjally dìslinct actuâ- Tlìe positioD of the touch pad 110 relative to the lþusing
tioû zotres 1134-D disposed arourd tlìe periphery of the 102 may be widely rzried. For example, the touch pad 11õ
louch, Pâd 110 The âctuatioù Tones generâlly reprcse¡t a ûrâybeplacedatany exfemal sù¡face (;.g., top, side,iront,or
rnlre Iogical lange ofuset inpùts thån the seÌlsoÌs themselves- 15 back) of the housi[g 102 thâl is acce;sible to a user during
Gelerally speaking, the toDchpâd ll0 ouÞuts a control sìg- Drållipùlation of thJ medìa player 100. ln most cases, thã
nal âssociated wìth a particular actuation zone 113 whenmost louch serìsitive sùrlace 111oithÈ touchpad 110 is complátely
ofthe signals are from sensiDg coordinates locâted within the exposed to the ùser. h the illustated e;bodimeû1, thË toìrci
Particular actuatioD 7¡ne 113. That is, when an object pâd 110 is located in a lower, front areå ofthe housing 102.
âpproaches â zone 113, a posjtioD sigùâl is geneEted at one or 40 Fufhenrc¡e, the louch pad 110 may be tecessed below; level
more seDsing coordinates. The positiol siglals geDe¡ated by witlì, o¡ extend above the surface of the housiDg 102. In the
the one o¡ mo¡e se¡sing coo¡dinâtes may be used 10 infolm illùslrated embodime¡rt. the touch sensitive surfaie 111 ofthe
the media player 100 tlmt the object ìs at a specific zone 113 louch pad 110 is substârtiâlly flush with the external surface
or tlle touch pad 110. ofthe housing 102.

The actuatioD zones rnay be button zoùes or positioml 45 The sbnpe ofthe touch pad 110 may also be wjdely vafied.
zones. Wìen button zones, a buttorì control sìgnaÌ is gener- For e)¡¿mple, the touch pad 110 may be circular, reciangula¡
atedwhen al object is placed over the bùtlon zone. TlÌe bùttoû triangular, and the like.ln general, ihe outer pe¡imeter ðft¡é
confrol signâl mây be used to make selectioDs, open a file, shaped touch pad defines the workillg borurdãry ofthe touch
execute jllstnctions, start â progäÌn, view a menÌr in the pad. I¡ flìe illustr¿ted embodiment, tlle touc'h pad 110 is
media plâyer. Whel1 positjonal zones, a positioù control sig- 50 circula¡. This particular shape works well with pó]ar coo¡di-
¡âl is genemted whet an object is plâced over lIrc positioDal nates. More pariicularly, the touchpadis annular, i.e., slÞped
zoùe. fLe positio¡l signals may be ùsed to coú1rol ihe move- like or fonning â ¡ing. \VheD amular, the iurór and outer
mentofan object on a display screen ofthe rnedia plâyer. The perimetq oftlrc shapedtouch pad ilefincs the workiDg bourìd-
distribution of âctuâtion zones rnay be confolled by toùch ãry ofthe touch paã.
Padtraùsìatìon softwüe or fi¡ùrwa¡ethat couverts physical or 55 Inadditioù 10 above, tlæ media player 100 Dray also i[clude
native cooldinates into virtùal reprcsenlalion in the fonn oI olÌe or morc buttoDs 114. The butto¡s 114 are confìgured to
actuatioû zones. The louch pad ûanslation sofÌwa¡e lllay be provide otre or more dedicated coût¡ol functions foriaking
run by ihe contml assembly of the louclì pad or ihe mam selections orissùing cojrrl¡aDds associated with operating tlõ
system processor of the media plâver. lD most cases, tlìe mediaplayerloO. By wây ofexaùple, in the casê ofan Mp3
cont¡ol assembly co[verts dre acqtired signals illto sìgnals 60 music playet the button functìo[s may be associated wiflì
lhatrepresenr the zones beforc setrding the ¿cquired signals to opening a melru, playing a song, fasi rorwarding a song.
the main system processor ofrhe media player. seeking tbmugþ a menu a'd the liie. The butto* 1ù may b;

The position coDLrol sigllals may be associâted vr'ith a Cal- mechanical clicking buttoiN and/or they mây be touch iut-
tesian coordi¡rate syslem (x and y) o¡ a Polâr coordiDate tons. I¡ the illustmt€d embodiment. tlte bùttons are touch
syslem (f €). Fùfhermore, the position signals may be pro- 65 buttons thal rcceive input l¡om a fìnger positioned over the
vided in an absolute or relalive mode. In absolute modq the touch bufton. Like theioìrclì pâd 110, th; touch buttons 114
absolùtc coordinates ofwhere it is beiDgtouched onthe touch generally consist ofa touchable oute¡ surface for receiving a
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finger and a sensor arrangeme[t disposed below the touchable
outer surface. By wây ofexample, the touch bùttoDs âûd touch
pad ûây geûerålly co¡¡espond to the touch buttons aùd touch
pad shown in FIG. 2.

The position ofthe touclì buttons 114 relatjve to ihe touch
pad 110 may be widely varied. For exampJe, they may be
adjacent ore ânother or spaced apârt. In the illustr¿ted
embodiment, the bùttons 114 are placed above the touclr pad
110 in a linear ma¡ner as well as iû the center ofthe âDnular
touclì pad 110. By way of example, the plurâlity of bùttons
114 may corsist ofa meDu button, play/stop buttotr, fo¡ward
seek button, a reverse seek bùtto¡l, â¡d tlìe like.

Moreove¡ the media player 100 may also include a hold
swjtch 115. The hold switch 115 is coùfigured to activate or
deactivate the touch pad â[d,/o¡ buttons. Tlis is generzlly
done to preve¡¡t uûwatrted comñâ nds by the toùch pad a¡d/or
buttons, as fo¡ examplej wheo the media plâyer js sto¡ed
inside a user's pocket. When deactivated, signals flom dte
¡ùttons ând./or touch pad a¡e not sent or âre disregarded by the
rnedia player. Whetr activated, signals fioû the bùttons a!ìd/or
touchpadare seût aÍdtherefore received andprocessed by the
media player

Moreover, the media player 100 ùav also include oDe or
morc headphoûe jacks 116 a¡d one o¡ mo¡e data ports 118.
The headphonejack 116 is capable ofreceiving a lleadpllone
coÍrector associated with headphones coùngured for listen-
ing to soùnd being où4)utted by the media device 100. The
data port 118, on the othel hand, is capabÌe ofreceiving â dâta
co¡necto¡/cable assembly configùred fo¡ ûaûsmjtlitlg and
leceiving data to and fiom a host device sllclì as â geneml
purpose compute¡ (e.g., desktop compute¡, portable com-
puter). By way of example, the dâtâ port 118 may be ùsed to
upload or dow[ load åudio, video and other jmages to and
froú the media device 100. For example, tlÌe dåtâ port may be
ùscd to dow oad songs and play 1ìsts, audio books, ebooks,
photos, âûd the like into the storage rÌechânism of the media
playeî.

The data pol1 118 mây be widely varied. For exaDlple, the
data port may be a PS/2 pof, ¿ se¡iaÌ pof, a pffallel po¡t, a
USB port, â Fi¡ewire port and/o¡ the like. In so¡ne cases, the
dãta port 118 may be â radio frequency (RF) link or optical
jnfr¿red (IR) li¡k to eliminate tlrc need for â cable. Àthough
llot slÌowû ìn l-IG.2, tÌìe medÉ playe¡ 100 ùÌay âlso inciudea
powe¡ po¡t {hat receìves a power co¡nector/cable assernbly
configured for delivering powe¡ing 10 tlle media player 100.
In some cases, ihe data port 118 may serve as both â dâtâ and
powerport.ln the illustrated embodiment, the dâtâ polt 1lE is
a Firewire port havìùg bofh data aDd power capabìlities.

Al{rough oDly ooe data port is described, jt slDu¡dbenoted
that this is ñ1 a limilation and that multiple data pofis may be
incorporated into the mediå pìayer. In a similâl vein, the data
polt lnay ìnclude multiple data functionality, i e., iùtegrâtiûg
the functioùality ofmultiple dâtaports iDlo a sitrgle data pon.
Fùrthemlore, if should be noted tlìat the posidoú oI the hold
switch, headphone j¿ck aDd data port or drc housing may be
widely vaÌied. Thât is, they are not limited to the positions
showD iÂ flc. 2. T1rcy ûay be positioDed alnlost arÌ)nvlìere on
the housiDg (e.9., frort, bâck, sides, top, bottoÐ. For
example, the data poIt may be posiLioned on the bottom
su¡fâce of ihe housing mther tlìâr the top sù-rface as shown.

Refen'ing to FIG.9, the toùch pad 110 will be desc¡jbed in
geater delâil. In Î¡is paticùlar embodirnellt, tlrc toùclì pad is
operating 1ll an absolùte nìode. That js, the toùch pad reports
the absol!ìte coordinates of lvhere il is being touched. As
shown, the toùch pâd 110 ïrcludes one or ùore zoûes 124.
The zones 124 represent ¡cgions ofthe touch pad 110 tlút
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may be actuated by a user to implemer one or rnore actioDs
or movemerÌts on the display screen 104.

The distibution ofthe zones 124 may be ¡ridely varìed. For
example, the zones 124 mây be positioned almost anywhere

5 o¡ì the toùch pad 110. The position of the zo¡¡,ei 124 Ítây
depend on the coordinate system ofthe touch pad 110. For
exaùple, when ùsing polar coo¡dinates, fhe zorcs 124 may
have one or mo¡e ¡adial all¿yol aDgulâ¡ positiotìs. lo the illus-
trâted embodimen! the zotres 124 a-re posjlioned in multiple

r0 ângulff posiljons of the Polâr coordinåte system. Fu¡lher, the
zoûes 124 may be formed from almost any shape wheiber
sjmple (e.g., squares, circles, ovals, tiângles, rectargles,
polygons, ând the Ìike) or complex (e.9., raDdom shapes). The
slüpe ofmultiple button zones 124 may have identical shapes

15 or they mây l¡âve different shapes. In addition, úle size ofthe
zones 724 may vary according to the specific needs of cach
device. In some cases, the size of the zorìes 124 coÍespoûds
to a size that allows them to be easily ma¡ipùlated by a user
(e.g., the size ofa finger tip or la€er).ln other cases, the size

20 oflhe zones 124 are small so as to improl,e resolution ofthe
torìch pad 110. Moreove¡ any number of zones 124 ûtãy he
used. In the illustrated eúbodiüe¡t, foùr zones 1244-D are
slìown. It should be noted, however, thar tlis i s not â limitâtion
aûd that tlæ nurnber varies âccording to the specinc ûeeds of

25 each touch pad. Fot exarnple, FIG- 5 shows the media player
100 with 16 button zo0es l24A-P

The nrmber of zoùes 124 ge[erally depeûds on the Dumbe¡
olsensol cooldirìates localed within the torìch pad 110 and the
desired ¡esolùtion of the Îoùch pad 110. The sensors â¡e

:o configured to sense user actions on tlæ zoncs 124 âDd to send
signals corespondirìg to the usff action to the electronic
system. By way of example, the sensors may be capâcitance
senso¡s thât serse capacitance wherÌ a finger is incloseprox-
imity. The a¡mngement oflhe sensoß typic¿rlly varies accord-

rr ing to the specific needs of each device. In orìe pâficula¡
eùbodimeDt, the touch pad 110 iDclùdes 1024 sensor coor-
dinates that work togethe¡ to folm 128 zones.

Refering to FIGS. 9 and 10, the zorcs 124 when actuated
are used to produce on sc¡eerÌ movements 126, The confol

40 sigllal for the on screeD ]novements mây be idtiated by the
touch pad eÌectuoùics or by tLe maiû systemp¡ocessor ofthe
media player. By tâppiDg o¡ touching the zone, ân object carì
be rnoved on the display. For example, each zone 124 may he
configured to represent a paficular ûovement oD rhe display

45 screen 104. Iû the illustrated embodiments, each ofthe zones
124 represents a particular directiol ofmovemeDt. Tlæ direc-
tiols may be widely vâÌied, ho]¡/evet in the illùstlated
embodiment, the directions genemlly correspoûd to angulâr
directions (e.g., similar to the a¡row keys on the keyboarÐ.

so Refer¡ing to FIG. 9, fo¡ exâmple, dre toùch pad ll0 is
divided inlo seve¡al indE,endent and spatially distinct zones
1244-D, each ofwhich corresponds to a paficular movemellt
directioD 1264-D (as showÌr by arrows), respeclively. When
zone 1244 is actuated) on scre€n movements 126A (to the

55 Ìight) are jmplemented. Wheù zolle 1248 is actuateq o1l
screen movemellts 1268 (upwards) are implemented. When
zone 124C is acfuatedr oD screell movements 126C (ro tìre
leíì) are imp]emented. Wìen zone 124D is actuâted, or screen
ùovements 126D (down wârds) a¡e implemented. As s¡oùld

oo be appreciated, these embodiments arc well sùited for joy-
stick implementåtions, two dinrensional menÙ selection,
photo ìmâge paûiûg and the like.

FIGS. 114-11D show themediâ plâyer 100 ofFIG.8 being
used bya ùser 130, in âcco¡dance with one embodiment olthe

65 invention. In ihis embodiment, Lhe media player 100 ìs being
addressed for ore harded operatioû iû which the medja player
100 is hel d iù the user's hand 13 6 while the buttons ard touch
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pad 1]0 are manipulated by ttre thumb 138 oJthe same hand Wheû co¡figured togethe¡, the tol¡ch pad 150 provides a
136 8y ì¡¡ay ofex¿mple, the palm 140 and ¡ightmost fingers touclÌ sensitive-surfaceThatworks accordiag to thJprincipals
141_(0¡ lefu{st îngers if leñ handed) of the hand 136 are ofcapacitaûce. As slìould be appreciated, wfu¡eu"it o 

"i""-used to griP the sides ofthe media player 100 while the ûumb lrically conducrive membe¡s come close to one ano(he¡ witlt-
138 is used to actuate the louch pad 110. As shown, the entire : out uótu"lly touching, theÍ elect¡ic fields 1¡terâcr r; foÀ
lo? syrfagg qf 4e touch p¿d 110 is acccssible lo the use¡'s capacitancè. In rhìs ò-onfiguration, the firsr elcctrically con-
úumb 138' Refe¡ring to FIG. 114, otr screer¡ movemeÀts duitive membe¡ is one orino¡e olthe electrodes 158 ;d the
1264 to the ¡ight are impleûetìted wlrcn tlrc t¡ mb 138 is secord electricâlly conductive member is the finger of tlìe
Placed (or tapped) on button zone 1244. Refening to FIG. user Accordingly, as rhe finge¡ approaches the tou"Ëpra rsO.
11B, o¡ süeen movements 1268 ùpwards arc implemented 10 â titry capacila;c; fonns b"t 

""nihe 
fog"r ard fhe el;[ode;

wLln]hetlìrmb 138 is Placedon button zone 1248. Referrjng 15E in ciose proximity to the finger, Thã capacitânce ir each
to FIG.11C, o¡r screenmovements 126cto 11æ left are irnple- ofthe electódes 158_ is measurä by control circuitry 160
mented whe'llle thuml 138 is placed on button zarre 124C. located on the bãckside ofthe ci¡curt úoa¡d 156. ey det;ting
Referring to FIG 11D, oD sc¡een lnovements 126D down- changes in capacitance at eâoh of tùe elect¡o¿es 1S8, thË
wards are implemented whet the thumb 138 is placed on 15 cont¡òlci¡cuity 160 caû detenlrjne the angular and./or radial
button z,oÍe 124D location, djrectio¡r, speedandaccelerationãfrhe fingeras;ii.s
_ _ 

It shodd be noted that the configuration shown jn FIGS. uovedac¡oss thetouihpad 150. The cortrol circuitr], tOO can
114-D is rct â limitation and that the media playe¡ may be also ¡E)ort this iùformaiion in â form that cân be used by a
held a vâ¡iety of ways. For example, in an altemåte embodi- compuiing dwice suchas a media player. Byway"f;;;ú",
men! the media device may comfoÍ¿bly held by one hand zo the Control circuitry may includei ASli(upit;"ntiotr ç"iwhile being comfofiably add¡essed by the ol¡e¡ hard. This cific itrtegrared ctcuit)
configuratioù generally allows the user to easìly actuate the Refenrng to FlG. 13, a radial touclì pad l?E (ratlrcr tllat an
touch pad with one or more fiugers. For example, Îlìe thumb angular touih pad as súo\rn in FIG. li) will b; di."u.sJ io
anddghtmost 6ngeß (o¡leftmost fiûgers ifleft landed) ofthe acco¡dance rvith one embodiment. TLe íouch pad lz8 lìlay be
fißt handare ùsed to grip the sides of1¡e media player vr'hile 25 alivided into several independent aDd sparia y aistncr Uuiron
a finger oftlrc opPosite hand is used 1o actlÌate the touch pâd. zones 1E0 that âre positioned radically'ûom t:he ceùte¡ fgj ài
The €ntire lop sudace of the toùch pad is âccessible to the the touch pad 178 io the perimeter 1li4 ofthe touch pad 17g.
user's ûnger Any numberofradial zones may be useil- ln one "-bé¿-;r',FIGS 12 is apa¡tially hoken away perspectlve view ofan eâch oftheradial zotres 180 rep¡esents â ¡âdial positioninthé
arìnùla¡ capacitive touch pad 150, in acco¡dance with one ro plane ofthe touch pâd 17g. By'way ofexample, *" 

^,oJaoembodiment ofthe preseff inverltion. The annular câpacitive may be spaced at 3 ]]rm inc¡ements. Like ¿ove, each ofthe
toùch pad 150 js arraDged to detecl clìa¡ges i¡ capacita[ce as button zones 180 has one or more electrodes 1b6 disposed
tlle user m¡ves. Taps. rests â n object such a s a_ finger on the thereir for detecting the plese¡ce ofan obj ect sùch as a fiûger.
touch pad 150 The annular calacjtive toùch pad 150 ìs In the iliusrrated e;bodiment, a pluraiity ofrarlial electroães
formed fiom va¡ious laye¡s including at least â label lâyer l5 186 are combined to foml each åfthe bítto[ zones lg0.
152, aD el€ct¡ode layer 154 and a ci¡cuit boad 156. The label Referrilg to FIG. 14, a colûbiÐattoll ångula¡/r¿dial touch
layer 152 is disposed over the eleclrode layer 154 and the pad 188 will be discusse<l in acco¡dance i,ith oue embodi-
eleclrode laie¡ 154 ìs djsposed ove¡ the circuit board 156. Ar r]tert. The touch pad 188 may be divided into 
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least rhc label 152 and electrode layer 154 ¿re a¡nùlar such pendeùt and spad;lly distinct button zones 1 90 that are posi-
that they a¡e defirled by co¡centric cìrc]es, i.e.J they have an +o iioùedboth allgularli a¡rdradically aboutt]rc p".iptt".y o^ftÀ"
innerpe¡ineter ard at oute¡perirneter. The circuit boârd 156 touch pad t88 and frãrn the ce[teiofthe toucir pj¿ fsi to th"
is generally a circular piæe having an outer perimeter that perimeter ofthe touchpad 13E. Aly number oico¡nbi¡ation
coillcides Ìvidl the oì]ter pe¡imeter ofthe lâbel 152 and elec- zones m¿y be used. lnine emboiliment, each of the coùbi-
trode lâyer 154 It siìould be ¡oted, howeve¡, thât ìù sorne nation bunon zones 19ûrcpreseots both an angul¿ta¡¿raial
cases the circuit boa¡d 156 may be aìrnuiâr ordìe lâbel 152 45 positionintbeplaneoftheiouchpad 188. Byríay ofexample-
and eiectrode layer 154 mây be crcùlar dre zones may be positioned ai both 2 aågrees and 5 rlm

The label layer 152 serves to protect lhe Ìùìderlayers aDd to inc¡emeuts. Like above. each of the cor¡bjiation zones 190
provide.a surface for allowing a finger to sJide thereon. The lìas olle or ÌDore electroáes 192 disposed thereìn for detecin!
surface is generally smoolh so tlmt tlìe 6nger does rlot stick to ihe presence of an object such as'a 6Dger. In t]re jllustr¿td
it when moved. The label layer152 also provides aD insulat- so ernbodime[t, a plurality ofaDgular/radiãl eJectrodes 192 arei'g laye¡betwee¡ the ûnger and fhe electrode layer 154. The combined 10 fo;- eâch ofthelutton zones 190.
elect¡ode layer 154 inclùdes a plurå hty of spatially d;stinct FufhenDore, iÌÌ order to provìde highe¡ resolùtiorì, â rnore
elcctrodes 158 that have Positions based on_the polar coordi- complcx âl-mngemert of angular/radìal clcctrodes may be
nate system For instance, the electrodes 158_arc positioned used. For exaniple, as shown-in FIG. 15, the touch pj200
angularly aDd/or radically oùthe clrcuit board 156 such tlur ss Ùray iùclude aigularaDdradial electrodes202 tlìat a; brokeD
each oI the eleclrodes 158 defiDes â disLinct angrlâ¡ aDd/o¡ up such that coÃecutive zones do llot coinci¿lè exactly.In this
radial position thereon. Any suitable Dumber of elecrodes eiûbodìmert, tlìe touch p¡l¿I200 has an annulâr shape aud the
158 may be used ln rnost cases, it woùld be desinble lo electrodes 202 follow aìpiral path around rhe touch pad 200
i¡lc¡ease llte Àùnber ofelectodes 158 so ås to provide higher ûom the cente¡ to the oriter périmeter of the touch p'J 20ù
resolutìon, i.e., n1o¡e iofo¡matio¡r can be used for tbj[gs such 60 The electrodes 202 may be grouped together to fo¡m one o¡
as åcceler¿tion. In the illustr¿1cd embodiment, the electrode morc dislinct bulton zones 204.
layer 154 js brcken uP inlo a plurality of angularly sliced lt slÌould be noted that although the toucl pâds ¡ereir are
electrodes 158 The â¡gùlarly sliced elecEodes 158 ùray be all shown as ci¡cular ihat they nãy take on other fo¡ms such
grouped together to foÏrn one or morc distinct bulton zones as other curvilinear sìrapes (e.g., oval, aruùrlar and the like).
159. h otre implemetrtation, theelectrode layer154 includes 65 rcctiljûc¿r strapes (e.g., nexafon, pentagon, oclagon, recí-
about 1024 angularly sliced elect¡odes that work togeúer lo angJe, square. and ìhe'íit"¡ oiu éo-tnãtioo or 

""u-ill¡ea.form 128 angularly sliced bùttorì zoncs 159- anã recdìincar (e.g., domej.
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The various aspects ofthe inventions described above câ¡

be used alone or in various combitrâtions. The invention is
preferâbly iûplemenled by a combinatio[ ofhardware and
software, but can ålso be implemented in hardware o¡ soft-
'wale. The ioveDtion caû also be embodied âs computer read-
âble code on a computer reaalable medium. The computer
readable medir¡m is any dâta stor¿ge device that catr store data
which can thereafterbe read by a compute¡ system, Examples
ofthe computer ¡ead¿ble mediùo i¡clude read-only memo¡y,
ra¡dom-access meù1ory, CD-ROMS, DVDS, magtretic tape,
optical da t¿ storage devices, a¡¡d cârrier waves. The compùtel
reådable medium can also be distributed over a netwolk
coupled comg¡ter systems so that dæ computer readable code
is storeJ and executed i¡ a disribuled fashion.

As mentioned above, the touch pâd assembly mây colnmu-
ùicate ¡¡/ith fte host device via a se¡ial interface. An example
ofa se¡ial interface will ûow be described. Tlrc serial interface
consists of at least four signals including a clock, ATN,
DATA-IN, and DATA_OUT. The clock and DATA_OUT a¡e
ddvenbytlrctouchpadassembly.TheAlNandDATA lNa-re
drivetr by the host device. I¡ most cases, packet transfers a¡e
jûitiatedbythe touchpâd assembly, clocked by the touch pad
assembly and dolle at â time convenient to the touch pad
assernbly. The lost device relies on the louch pad a ssembly ro
jrìitiatc transfeÌs. f1e touch pad assembly transfeß â packct
whetr it detects a change ill button status or touch pad position
o¡ ifit detects an AIN sigDal ûom tlle host. Ifthe llost wishes
to send datâ to [he toì]ch pad åssembly iÎ assefs the ATN
sigml and keeps it âsserted until afte¡ he packet it wânts to
send has becn tansfered. The touch pad âssembly monjtors
the ATN signâl ard initiates a tmDsfer if it sees it asserted.

There are t'?ically sever¿l defiûed packels t:?es that the
louch pad âssembly can lransmit. In this example, the¡e are at
leâst two kinals of packets: unsolicited pâckets alld packets
setrt as â response to ar AIN signal. TJre touch pad âssembly
sends ùnsolicited packets unless specifically asked by the
host to send aûolher type. h the case ofunsolicited packets,
tlìe unsolicited pâckets are se¡rt periodicâlly whenever it
detects â changc in button status or touch pâd position. In the
câse of solicited pâckets, the to clì pad asseûtbly tÞically
only seDds one for each reqùest by the host alld then leverts
back to rursolicite<l pâckels. Unsolìcited packets genemlly
lÌave a delåy between them while response packets ù€y be
sent at ally time iû response 1o the ATN sig[¿l .

While this invention has beeù descibed iD te.ms of seveml
p¡eferred embodimeÍs, there are alterations, pefl¡utâtions,
and equivalents, wlúch fall withi[ the scope ofthis iûveûtioû.
Por exâmple, althoùgh the invetrtion has been desc¡ibed in
tenns of â]l MP3 music player, it shoùld be appreciated that
certairl featu¡es ofthe inveûtion may also be åpp]ied to other
rypes ofúredia players such as video recorders, câûerâsr aûd
the like- Fu¡ihennore, the MP3 music player described hereiÌl
is not Ìimited to the MP3 music folmat. Oiher audio fon¡ats
sùch as MP3 VBR (vâriable bit rale), AIFF and WAV formâts
tÌay be used. Mor€ovel, certain aspects of the jùventiorì are
¡ot ljmjled to handheld devices. For exâmple, the louch pad
uay also be used in other computing devices such as a por-
1âble compùtet personal digital assjstants (PDA), cellular
phones, and tbe like. The touch pad may also be used â stand
alote iDput device that connects to â deskop or portable
computcr

It should also be ûoted that there ùe mâlly al tenÞtive ways
ofimplementirg the methods atrd âpparalùses ofthe prcselìt
irvention. For example, although the toùch pad lüs bee[
desc¡ibed in te¡ms ofbeing acluatedby a fìnge¡ il should be
ùoted that otlìer objects may be usd 1o actuâte it in some
cases. For exâ¡nplc, a stylus or other object may be ùsed iÌt
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so¡ne configurations ofthe touch pad. Il is therefore intelded
tbat the following appended claims be interpreted ås includ-
ing âIl sìrch alterationsr pe¡mutatioûs, atrd equivaleÍs as fall
wilhin the true spirit and scope of the present iDvention.

5 What is claimed is:
1. A touch pad assembly, compdsing:
a touch pad llaving a surfâce and one o¡ more seDsols

configùred to map the toùch pad sùrface iûto ¡ìative
sensor coordinates; atrd

10 a co¡tloller configu¡ed to
define one or more logical device uni ts associated with the

surface ofthe toùch pad,
receive from the oDe or more se¡so¡s native vâlues associ-

ated wilh the native seDsol coordiürtes,
15 adjust the native valùes associated with ihe native senso¡

coordinates into new vâlues associatcd wìth the logical
device units and

report tl¡e ¡rew valu€s to a lìost device, drc logical devjce
ùnits associated with a¡eâs ofthe toùch pâd that cår be

20 acfuated by a usea,

the coltroller conîgurcd to pass the ûatile v3lùes tlrroùglì
a filterìDg process before ¡epoÌting the new vâlùes to the
host device, the¡eby rcdùcing an âmoùnt ofdata sent to
the host.

25 2. The touchpad assembly as recited in c¡âiû 1 whercitr the
filtering p¡ocess comprises removirlg redùndånt or non-es-

3 . The touch pad assembJy as reci ted in claim 1 whe¡ein the
fillering process includes detenDioing if dæ na tive values a¡e

30 associatcd with ¡roisc events or actual events.
4. The touch pad assembly as recited itr claim 3 wlrcreiû the

controller is configured to filter out t]le noise events and allow
the actual eve[ts to pass.

5. TlÌe touch pad assembly as recjted jn claim I wherein tlÌe
l5 controller is configüed to detemine if there is a significânl

diffe¡ence between a curent nalive valùe al1d â prcviously
received native value, aùd 10 ¡epofl a lrew value only when
there is a significant diffe¡ence between the clrrlerìt native
valuc and a prcviously ¡eceived native value.

40 6. Thetouch pad assembly as rccited in claim 1 whereiD the
native sensor coordinates comprise CartesiaD coordinates,

7. The touch pad assembly âs reciled ilr claim 1 whercin the
trative sensor coorditrates comp¡ise Polar coordiûates,

8. Tlrc toùch pad âssembly âs ¡ecited iD claim 1 wÌìe¡ein 1lrc
45 logical device units coûprise Cartesian coordifttes-

9. The touch pad asselìlbly as rccited in clâim 1 wlÉreilì the
logical device units comp¡ise Polü coo¡dinates.

10. The touch pad asserìbly as ¡ecited ir clâi 1 whe¡ejrì
úe ûew vâlùes of the logicâl device units are repofed ill ân

5o absolute rnode.
11. The lor¡chpad assembly as rccited in clåirn 1 wlrcrcin

tl¡e new values of the logicål device units a¡e ¡epoñed iû a

relative mode.
12. The toÌrch pad âssembly as ¡ecited in claim 1 whereil

55 tlìe ùew values of tbe logicâl device udts are reported irl a

Cartesiå[ absolule mode, a Cafesiân relative Èode, a Polar
absolute mode or a Polar relative mode.

13. Tlìe toùchpad assembly âs rccited in claiD I wllerein
the llew values ofthe logical device units implelìlellt â specifrc

60 cont¡ol functìon in the host device.
14. The touchpad assembly as reciled in claim 1 whereiD

the logical deviceùûits coúlp¡ise argulâr Polar urìits distrib-
ùted aroùnd the su¡face of dìlr touch pad in a clock like
mármer

65 15. The touch pâd assembly as rcci(ed iù claim 1 wherein
ihe Dative serìsor coordinates and the logical device ullits
defiûe a râtio behrcer âboul 1024:1 to about 8:1.
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16- The touch pad assembly âs recited jn clajm l compris-

ing one ol more louch buftoÍs having one or more se[sols,
\¡,/lìerei¡¡ the cotrtrolle¡ is configu¡ed to æceive a Dative value
ilom the one o¡ mo¡e sensors, detennine a bùtton stalùs from
the Àatjve value, a¡d ¡eport the button status to a host device,
dre button stâtus being used by the host device 10 implement
a button fünction in the host device.

17. The touch pâd assembly as recited in claim 16 wlìerein
the conlroller only repo¡ts t¡e buttor status to the host deüce
when there is a chatrge iD butto¡ status.

1E. The toùch pad assembly ¿s recited in claim 1 whereitr
e¿ch ofthe Iogical device units is associated with a different
movemelrt direction oo a display sc¡een ofthe Lost device.

19. The touch pad assembly as recited in claim 1 \rhe¡eir
the host device comprises a media plâye¡ co¡figured to at
least one of store and play media, the media comprjsing at
least one of audio, video aûd images, the media player co¡r-
p¡i sitrg a housiog co¡lgured to sùpport tlìe touch pad âssem-
bJy, a display confgured to display at le-ast oûe of text and
gr¿phics and a CPU configured to rcceive the new value ofthe
logical device Dûits fiom the contuoller and issue commands
based on the new value to otlÌe¡ componerìts of the nedia
playet tlìe col¡mallds enabling at least l¡ovement of an
object on Tlìe displaf

20. The toìch pad assembly as ¡ecited in claim 1 u,herein
the cotrtroller is colrôgured to comparc a cwrcllt set ofnative
values aùd a prìo¡ set ofnative values and ìdeûtify dre currellt
set ofnative v¿lùes as associated withnoise eve¡rls or actual
eve s dependiDg whethe¡ the crtrrert set ofnâtive values and
the p¡ior set ofnatìve values are substantially similar.

21. A method comp.isitrg:
mapping a touch pad iûto ûative sensor cootdìnates,
p¡oduci¡g a native value âssocialed with a Da¡ive seûso¡

coordinate when at lea st one ofseveral different lypes of
events occur on the touch pâd,

filteriDg the native value based or the t'?e of eveùt,
generâting a control signal based on the native valu e when

a desired eveût occùß on the touch pad,
whcrcin the step of filteing comprises determining

whether the lative value is associated with a noise event
or ân actual eve[t, filtering a [oise event aDd passi¡]g aD
actuâl event to a host device, the¡eby reducing or pre-
veDting noise eve[ts fiom reaching the host device, and

wherein úe srep oldelerminj¡g cootprises: compariog a
currerìt set of native values with a last set of native
values; classiliing tl¡e cufient set of ¡ative valùes as
noise eveBts wùeu the cù¡e¡t set of native values is
substaûtially similar to the previous set of Dative vâlùes;
and classjlyingthe q.rrrent set ofladve va]ues as actual
everts wheû the current set of native values is sig¡ifi-
oarlly diflercnt tlËn the previous set olnalive values.

22. fhe method as recited in claim 21 wlìerein the coÍ¡oi
sigDal ;ncludes the native values oftlrc nalive sensorcoo¡di-
DAtes.

23. llìe method as recited il1 claim 21 füÍhe¡ complising:
adjusling the Dative vâlues ol- lhe nalive sensor coordinales
into new vahres when a desired event occu¡s o¡t the touch pad,

ìe coDtroi sigìal including the rren values.
24. The metlrcd as recited in claim 21 whereiû the new

valì.res aùd the nâtive values are desc¡ibed usilg identical
unils.

25. ïre rnethod as ¡ecited in clâim 21 wherein dte llew
vahìes âùd ihe native valùes âre described ùsiDg diffelent
rnits.
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2?. The method as ¡ecited in claim 21 fulther comp¡ising:
âdjusting tùe nâtive values of the native sensor coordinates
into a new value ifit is determined that the events are actual
events, ând ilrcluding the new Ì€h¡e in the colltlo] signal.

5 28. A sigtr¿ì p¡ocessirg method for â co¡troller ofa touch
pad, comprising:

receiving a cur¡eût user location,
detemrining a difference in uset Iocation by comparing the

cu¡Ietrt user locatioû a¡d a last user location,
10 oulputting the cur¡ent use¡ location when Lhe diffe¡ence in

use¡ location exceeds a threshold valuq
convertiùg the ouÞutted curent use¡ location iûto â logical

device unil, and

_ _ genemting a message for a host device, the messâge includ-15 ing úe more logical ùser locatiotr, the more lolical user
locatioll being used by the ]rcst device to move a colltÏol
object in a specified manner,

wherejn the lfueshold.r€lue correspolds to the number of
sensor levels lhaL need to chaDged i¡ Lbe rouch pad in20 order to reporl a change in the user locaL¡où a¡d

wherein the tbreshold is detennircd by the followj¡g equa -
tion'

T¡Es¡old(T):C'(¡stive sùsor Golurio¡ of the

2j rôu.h pd,?logißldsice moi-rio¡ ofúe roùcb

wherc
the na live sensor resolutio¡r reprcsents the maximum ¡rum-

be¡ ofdiffere[t ùser locatioÀs defectable by tlÌe senso¡s
30 of tlæ touch pad,

the logical device resolution represents the number of Jogi-
cal device units ¡epofed to the llost device by the touch
pâd, ¿.nd

C defines the width border area between clusters ofselrsoß35 ofthe touch pad tlut define one logical device ùrlit.
29. The method âs reli ted in claim 28 wherein C has a value

betweeD about 0 alld 0.5.
30. TlÌe method ås recited iú claim 28 ì{hereìn ihe Dative

sensor ¡esolution is about 1024 a¡rd the losicâl device reso-ao lutio¡ is about I28.
31. The metlìod âs recited in claim 28 furtheÌ comprising:

storiûg the cul¡ellt use¡ locatioD for subsequent p¡ocessitrg,
the current ùscr location âcting ¿s tlÌe lâst user locâtion iD

4r subseqùentp¡ocessing.
32. A system comprjsing a host device aùd a touch pad

asscmbly having a cotrtlolle¡, the controller co¡fgured to
compare a cuÍent set ofmtive values ând a prior set of¡a tive
vâlùes aùd ide[tiô, the cur¡e[t set of llative values as ¡oise

50 eveDls or äclual eve¡Ls dcpcndi¡g on \r"hetbe¡ the currenl set
ol Dâlive vâlues and the priorsel of¡adve talues ¿re substaù-
tially similal and to pass the native valucs dùough a fihering
process arrd to adjùst the Dative vâlues iûto new values before
repofìùg the ùew vaÌues to the host devjce, thereby reducirrg

55 an amount ofdata sent to the hosl,
tlìe torìch pad assembly being configwed to communjcate

a Dessâge lo lhe bosL dev;ce. ùe message comprising:
an event fieÌd ideùlifyjng wltelher the ûessage is a toùch

pad eveDt or a bùtton eveDt;

60 aù eve¡rt identifier field identìfring at leâst otre eveDt
paramete! eâclÌ event pammetet having ân eveDt valùe,
the event value for a touch pad evelt pârâmete¡ indicat-
ing ân absolute positìor, the event value fo¡ a butlon
eve[t parâ¡¡eter indicâting butTor status.

26. The method as recited in claim 21 wlìereìn the controi 65 33.4 touch pad system coûlìgured to trâ¡slòml å user
sigùal iûcludes nâtive valùes as sociated wiih the trative serNor actiotr into mot ior oÌtto a display screen, the touch pad syste¡ì
coo¡din¿les iflhc cvcnts arc actua¡ evenls. cornprising:
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a toìlch pad whose entire toùch seûsiúg sûrface js divided
into â pluÌ¿lity of indepetrded aDd s?âtialiy distincr
achution zones, each ofwhich includes a pluÞlity of
sensitrg ûoales of the touch seDsitrg surface, ånd eåc¡ of
whicü tepresents â differctrt control fürction, â.ûd 5

a contloller configüed to comparc a cuÍent sct of nadve
values ând a priol set of native values and identifi, the
cÌÙrent set of ¡ìative wlues ãs noise eveùts or actuâl
events depending on whetber the cuÍeût set of_oative
values ardthe pdor set ofnalive values arc substantially l0
similar âl1d to pass the ú¿tive values thrcùgh a filtedng
prccess ând to adjust the ûâtive vâlues into l1ew vajues
before repo¡tiûg the new values to the host device,
thereby reduciog an amount of ¿låta seEt to Lhe lrcst,

34. The touch pad system as Ìecited in clâim 33 whereitr t5
each of the actuation zones are button zones that rel¡eseDt

24
difercnl movemetrt directioû on the djsplay sc¡een so as to
enâble j oystick implemedatioDs, multiple diûensioml me¡u
sel€ctior or photo j¡nage panning.

35. The touch pad systemaslecitedincl¿im 33 wherein the
actììatioD zoDes are substantially the saure size artd shape and
inclùde sìlbsfantially the same ûuùb€r ofsensing nodes ofthe
touch se¡sing surface.

3 6. The touch pad system as recited in cÌâim 33 wherein the
touch sensing strface is circùlar, whereitr the touch sensing
lodes of the fouch seDsing sù.rface arc positioûed at leåsl
angularly aroìlnd the circula¡ touch sensiDg surface, aud
wherein the actuation zones are positioned at least â¡gularly
åround the cilcular louch se¡sing surface.


