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SUMMARY ‘
15 This specification relates to systems, methods, and techniques for using a capacitive
touch sensor with a fine-pointed stylus.

In general, some aspects of the subject matter described in this specification can be
embodied in methods that involve a sensor and a stylus. Other embodiments of this aspect
include corresponding systems, apparatus, and computer programs, conﬁgufed to perform the

20 actions of the methods, encoded on computer storage devices.

In general, another aspect of the subject matter described in this specification can be
embodied in methods that include the actions related to a capacitive touch sensor and an
electrostatic stylus. Some aspects feature a method for using an active stylus to enable
determination of a two-dimensional position of the active stylus relative to a capacitive touch

25 sensor, where the capacitive touch sensor has a two-dimensional matrix of conductors
configured as a first array of conductors arranged in rows and a second array of conductors
arranged in columns, and where the active stylus has an electrode and active components.
The method includes receiving a first signal in the active stylus from at least one of the

columns in the matrix, measuring a signal strength of each first signal received from the
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25 can include a timeslot allocated for each of the columns to transmit the first signal from the
capacitive touch sensor. The time frame can include a timeslot allocated for transmitting the
calculated first position from the active stylus. The time frame can include a timeslot
allocated for each of multiple active styluses to transmit a respective first position. The
transmission of the calculated first position from the active stylus can be configured to occur

30 through a communication channel. The communication channel can be a wireless channel,

an ultrasonic channel, or an optical channel. The transmission of the calculated first position
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has a two-di nensional matrix of conductors configured as, a fjrst

coordinate positions of the active stylus. The internal power source can include a battery or a
supercapacitor. The current can be on the order of one microamp, and the voltage can be on

25 the order of one hundred volts. The active stylus can have a tip that is configured to interact
with the matrix of the capacitive touch sensor. The tip of the stylus can include a force
sensor for providing a measurement of force though the stylus.

In general, another aspect of the subject matter described in this specification can be

embodied in methods for using a capacitive touch sensor to enable a determination of a two-

30 dimensional position of an active stylus with respect to the capacitive touch sensor, where the

capacitive touch sensor has a two-dimensional matrix of conductors configured as a first
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coupling of the electrode of the active stylus to the matrix, and for which at least one of the
rows is configured to receive the calculated first position from the electrode of the active
stylus.
In general, another aspect of the subject matter described in this specification can be
30 embodied in an active stylus configured to operate with a capacitive touch sensor. The active

stylus includes an electrode configured to both receive and transmit signals, and configured
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25 and a relatively small current, for which the switch is configured to transmit a voltage to the

electrode in a transmission mode, and to receive a current from the electrode in a receiving
mode. The active stylus includes a receiver circuit for receiving current from the electrode
through the switch, a transmitter circuit for transmitting voltage that is coupled through the
switch to the electrode, a microcontroller coupled to the receiver and the transmitter circuits

30 and configured to determine at least one position of the active stylus with respect to locations
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Tt e dSUEETEOUCH STHIOL IoaBered i o minn I Somddaraan alpng BHteRoY £ut

transm t b pg Mfx beEaion tROrestigbRbesohdsighal 20 hi ¥padltie YSuchQEndr GddALibliied €
touch sensor, where the active stylus I'ncludes 'an el ectrode and at | east

one ci r cti ¢ledtorstatielsi sduply witle theredgstrodhlosaigh vithén de eetivegdiduand f or

transmtting vol t age gnto the ectrode. 5The met.hod.inv

tranan ssi on TolgerBONEgG g oties v EnreePorSp TRyt HS o 14y

t hrough amBegied &PuPARitHe tdled sedseEtdiidardato eaaiedatintigattorvalidt@@e using a
sw tchnode power supply circuit, where the sw tchnode power supplﬁ circuit

i nc2oudes dipenswask pasHianmdae wefiveatid uawith serpectdp thageppativaiaueh wason whetsihg ed
to the transfor o perm Ll ’ j i -t t

f or war d- B%é\éees l}ln-sﬁﬁ%shagl etrl gr@gtr(l)éénglﬁ %Cﬁlge ?f%@gsne%ﬁsd bl?“g r %Et?gee r{; %)S{hoge%{fogvk\}a§ F’l%%-g h
10t he di digerstiingl Masixrdosdpans taifpaiedan dndadef b fiustiangy af smiductors arranped
transmt node to electrically isolate at, | east soqf conmponent:s i n tge
circuit &bHNYSyaseand gray abeqndpetgrsianangsst ingrfumns; and BeAISPHGISBUENE AdHPY he

vol tage ol mB, AGH RS ohB 1 fe'cBHinbRRA R ARGR to THRSCHRE RPMs FAUAE¥ g d fist N

1
recei ving mode, configuring the circuit for receiving the current through
t hezsnode positiph efitht activesstdhiealbngdéirdyxis of tie matrik o therapaoifivectouttoseneaeind t he

current 15into the conpo ts.in the cifcuit.configured for regceivin he
current FACRHEE § BEBIYTRGA FBUR Mem e togn Pl GEAFIG THL BT forpel the todot
rever sedyhl gsed b hdibife 4 %@h&?é@tié@&i&@ HGlVelshals Adngd £32bn® KT8 oPfhetohtrix.
conponents In the circuit con |%ured for recéiving the current in the

recei vi nghrwdmcitive tesdcensor & dopligsist 4e deefmioathersetanduosisios élosg thigecond
transfor W%is of %etrge%rii\gage%ho%gg r2VEG s&oBR lsi)éngll. r"[(fllélc%lpacitive touch sensor is

30 configured to electrostatically couple with the electrode located within the active stylus.



20These and ot her enbodi ments can each optionally include one or nore of

the following features. A resistor can be coupled to the diode. The nethod
can i ncl uale 2prx030dBng a reference voltage on at | east omeTtuseoninads3of the
resistor that is greater than a ground voltage of the circuit. The nethod

can include, in the receive node, sending at | east part of the.received
current into @WF@@O%EQP\?%&&W%@@FF “\ﬂﬂ@rJéS?rﬂl?dé’&F}F%Wc léeté‘?r\/‘@tn.b@i rcuit
I's 25conty,eliedidy midh s @fnﬁtah% &hd reza@ing\% il i63R D% CNDE Pyhed in the
transmt node to electrically isofate at ast sone conponents in the
circuit cantitiyutedhfsersor,ederaihagetiteestydus inehtdes m ¢lheradeesil i legstwndeiréuiom t he

vol t age f.orned .across arasjti apacitance associated with on r ,nore
conponent BiRG® RURE AR bi e RE GICEEE FOe PR SR G4iF SIFOIRGe

pl agi Ng ghsREeAR iHRIVREHA! BakARAMIN AHEL chitiR@hghhedirdtittbr hdiBnStihay

capaci tance at 30t he node coupled to the electrode. The nethod can include
recei vi ngoltdge tmangleanodmeaainledria dre elaggode by BotisPETAItgR0BIZMYBBAMste one

m croanp, and transmttin he voltage on the .order. of . one hundred volts.
The. o ¢ ERRBCEPBRMET L, s b BERS o i i PR aHERE V1
gener al , jelbhekd /81a6,tand@fwHeReths dRjdees camplddad tetemsaisideedr; iparrhifftir the diode
specification can be enbodied in an apparatus for transmitti nH and

Q

recei vi ntp & igtramiitenty dorwaed-bipsedsinghe garsayittiag meadsawid foy eureest énhflawfyaprgh The
appar at u | e CI I CU I I iV g: f an
el e@t r od’(?ahera}ﬁ(?jde]cai ?ro ?gakscgﬁ%tn?}ﬁ%’ gﬁ C%/%({nt%gblég%%ts éc()dt!f:}gléla%\g g%%@gggoag?e appar at us

i ncl udeselebgicslleblhade lcaspsvpen@nippnemn i ¢u caduif cmfigacedifut rgeiving thair rent i n
a receiving npde, a switch, and a sw tglm) e power sug%% ci rcuit[i3 i ncl udi ng
at | east CHT Ahd FesETTEE Al Homithrieoltagh Srancd Rerogt BYSUAYS CHBEHCE 18°t he

transfor H}%{hodliﬂ\écﬁv%sf ARSIVl ABEE ot rf[ﬁ-g_rtﬁéjéﬁ'cuflt%r fe@éﬁ@ﬁ@ﬂlﬁé Lipgent he

10voltage to t el ectrode 1s confrgure generate the voltage using the
swW t chnodeoygivibe nsdgpgiupledito thel dlectioda by gunéigutie te swech ® feecivatbercmirentent | y

forward- bi ased in the transm t.tépgjgi rmag and for curregt t&jo fl ow thr&)ugh

t he!Sdi od&'9 HESORRPSPEIts ol SEeiLeROEiguteA JOTISRTIY GRS TSR the Froptymaraode,
transm t ,pas ferigh BRLdibEAbIbY réveealiBastl il BR3bcchRRBMBHe 5itd (EBATPRAGbAe
configured for receiving the current in the receiving node fromthe voltage

fornmed aof hesompenanty imythd Siceniteavinfigureé forl racainag itecwirgniig thoesivingeneder cui t
for receiving the curre fromthe elegctraode is configur. ta; nfigure
the swi o ST RA e Eob ARt 87 k48 PefiaR il iRk eGOR

recei vi ngyddhecigdtiitc ent in the receiving node, and configure the diode to be
reversed-biased in the receiving node such that at |east sonme of the
cordfonent s comhesguind @tlies empediiontsrgn epeh entiopalht inclyde pae preBereqiibe node are

el ectrical Jselated fr ] ] 2010 the

SWi tchnogoeﬂ%‘gn feaglﬁpspl‘{’/r%:;grm?{}? {1 ng&ﬁp%%égéed{gﬁg E%%@?Ehgﬁb%g%}@g? s can each
opt i onal byvvidiad badeene: witago be aplkadt bae fedmimhbhbe tesitartea.is gleetes thiah@ahnode
power supply circuit can include a f]ybac ircuit. The apparatus can

i ncl ude &quadiveltege of\ihresiEruithd hFé%fiﬂ%Ctdo?ani%CﬁE%uB} IC5IHEHRO gl eeast r cui t

can be part of the received current into a current receiver circuit, where the current receiver circuit is
25 controlled by a microcontroller. The switch can be configured in the transmit mode to
electrically isolate at least some components in the circuit configured for receiving the
current in the receiving mode from the voltage formed across a parasitic capacitance
associated with one or more components on the node coupled to the electrode. The method
can include placing a second deliberate capacitance in parallel with the stray capacitance at

30 the node coupled to the electrode. The method can include receiving the current on an order



configured to provide a reference voltage on at |east one termnal of the
resistor that is 25greater than a ground voltage of the circuit. The
circuit owo2be/30mnBi gured to send, in the receive node, patr/use@st4gzast of
the received current into a current receiver circuit, where the current
recei verﬂtgircujt can b cont.rollﬁd vi/ith a mcrocontroller. The stray
capaci t afcReCRISTIaTY, g ransyu g the voltags qnitheerder ofas bpadied Vol h%ne or nor e
Comonenéﬁit&ﬂn&dégno%g%@w&&ﬁ’t&Hiﬂdﬂ%e@%&@@ﬁcuiﬂhe apparatus can include
a second deliberate capacitance that 1s |l'ocated in 30parallel with the
stray capaci t bngamesl, anhthenaypectod i sbijecomatier debatied outhis Speeificaitm capde
current V\Dgz(gl [/ 030713P /fU82011/. 149534 ca.n.be.onlt.he order tglf gne

- m cr oanp AW PR P SHSRIHNE 404 BPY 8 SehIB BBACHYRSIPHEY %f one
hundr ed ¥QlatSive touch séibofETRY @paradRQfab 8 1cAf RAE Lir@fit fob fecEiHRigLSurfERt fr6 an
described in this specification can be enbodied in a system for

transmi t eleefepdgriad ferciednsiniiging p yakidgs dnto the elestrpde Ehaapperatusringludrsdbaci ti ve
t ouch for_which th h | : i LCUit .ecej vi
oo P3G e M 5 ATl el SRS a5r g el Y n0 @

el ect r odg switblenSdesioavar sty Giesuit inclu@ing Gt feaste, trabofop@Bedids diodd, ivduretle f or
receiving the current in a receiving node, a switch, and a sw tchnode power
suppl y cfiodeisconpler iy thetiransiogpery In pdrasmisHen mads. Be girgkior trgpsmjginghe he
diode is I t r .. : L SSi REe Lrcuit

f or1(3t r ang(rglng) itcgglete eézttxj%g?/%sl (?)gg &%gﬁ{ ﬁgﬁé&%é@{%ﬁ%@} Emé%ei gur glé&)?gp&géerner ate
t he vol t agplusidug, tdidigavd the divddeo poimssrnsttolyoovard-bisdsed mahé trgnandttinge di ode

to be intermttently forward-biased in the transmtting node, and for
current P9de) B IOHGEEGhL Fhr%‘éé‘ t}q‘f'lfi’@d%“g? F‘éﬁfa%‘éap?&‘&litelngﬁca@,g cqpiewe s for

el ectri C%ﬂt(%leiinstﬁé ahing: Abdd AL SQNE iQfat gglegsce IHARSPS cHRPDhEHY &Qlﬁ‘gﬁfed

receiving t current 1n the recelving no romthe voltage fornmed across

t he str afjorceqeadig thecarrehtin tiverer@viog malg fimmtideoltageforied a¢rossitbe straycei vi ng
the current fromthe electrode.is canfigured .to nfigure the swtch.to
FocB ve G et AT T Og e b Rrr yedde pe ol B A5G &
current pohifdfedt8C&IntigNe: thDERitcPiddedBRBe boirer® iR6 kiid CoRtdonehts ebidung ok

| east some of the conponents configured for receiving the current in the

recei vi nigeaiviteg the omrem in theuetcansemofie,tand conlagine therdiede ta be levessgidthidsed te
power supply ci.rcuit,. 20These.and ot her, embodi ment an tiopally

i ncl ude gﬁé&‘tﬁ“ﬂ%%’ desu tlglatfag Ilefagwoﬁlgf (fféléet %Opé%qneﬁiﬁgg%%‘{r%(ﬁ%%geé:%g%%@%suppl y
circuit gafent !i}ﬁh@(ﬂ&:e@viiﬁ%tﬂ@a@ KreGldctitally isb@edH6iamiadittdndebiithe tansfoshat or
where the resistor can be coupled to the diode. The circuit can include a

meads f o the evitehmereabavest sFRNE 8ir¢Ht- t age on at | east one terminal of the
(e it 12 LR BN A S GRS AR BMLor B o/l
r ecei vedfdlowignfeatunéso Eheawitchmbde poedérsepplgicircuii tan mbledea fllgback circuit. The
apparatus can include a resistor, where the resistor is coupled to the diode. The circuit can be
configured to provide a reference voltage on at least one terminal of the resistor that is
25 greater than a ground voltage of the circuit. The circuit can be configured to send, in the
receive mode, at least part of the received current into a current receiver circuit, where the
current receiver circuit can be controlled with a microcontroller. The stray capacitance can
include a parasitic capacitance associated with one or more components on the node coupled

to the electrode. The apparatus can include a second deliberate capacitance that is located in

30 parallel with the stray capacitance at the node coupled to the electrode. The received current



current receiver circuit is controlled with a mcrocontroller. The stray
capaci tance can include a parasitic capacitance associated with one or nore
conponentwoanidse7iaode coupl ed to the el ectrode. The sy®Cermnsec@n/oudsss ude a
second deliberate capacitance that is |located in parallel with the stray
capaci tance at the node coupled to the el ectrode..  The received current
Soban bbb HUhE OHET G PRORETATE SR T P LGy IF O SR be
on the opfele 1RfdRA& Myndred volts. WO 2012/ 030713PCT/ US2011/ 049534 In
general , another aspect of the subject matter described in this
speci fi cat i onlrcgmebéd, aanthedaspdcti af tize sibjecumpttéraleserited smihis $pegifimaicor @odievi ng
signals with .an. electrode in an.active stylus. The circuit . includes first,
Second abIDRHFY i3 SSIoGL B an Pt ettt e AACPERORE MBSt or rer -
firgt di gdacitids teRlsedso. for @It?iﬁh ﬁ%e?s%@t@ﬁl' RaQ'at 1edfi@nb Lir&lit fof Sécehvdig 4 Surk@up! ed

e

with an 5rnput term nal and ifst transistor. The first transistor

i ncl udesframfanreectrode andh&lr tkapsrpitiént a voltage onosthe eloetrods. ddesngiemandtidrsithe

coupl ed to a ground node third termnal coupl.ed to. I i.ndi n f
Chert rantPeforh PR Srafah B ke hE R FEVRRA b b tad bRl ' SR
t er mi nal g k@ftclimewrwes yiily cadidt hdvengt Aildagt 4 Lanxfsraler aiid 4 Hiddé i fosivhichamsi st or,

and a second w ndj ng coupl ed between the ground node  and an anode of the
first di éigde isgeupler e thedrapgiormends adrapamissign nasigpthe girewt for fgaumitting the g

coupl ed %&ta%@ t& hh%cetléc?tgﬁe ﬁ%ﬁghg\é%g %'%@n&%%e"@olﬁ@gugigggg . 'tcﬁ{ngeéijﬁ\gw th a

capaci tive touch sensor. ondresistor 1s-cou et ween node
that is cgubt eéeccuitpchddtzued the dicaideo ba thtantigdmelydoneard-bidsedym thd henseictond

transi stor inclydes a first termnal caoupled to the node cqupled_.to the

el ect r odB0dg %@3%%68% theeghy t@adtoée H1P &SR REAPAFIICE Bé]a/inﬁf&?ﬁ%&’rsi gnal

and a .thafeﬁtrika{ sQl%{in%QH%s?goxB@oP‘ﬂﬂe b&ﬁg&ﬁdn%gcdnﬁgwed%r OGvihR M lchel:  The
anplifier has non-inverting Input that 1s coupled to the reference

vol t age. thiEhecdivihg chode giost the voBagedophetadiessweesiraylvapiaiaese ilnghd nepaivingf t he

amplifier and an output of .the anplifier, The capacitor is coupled between
R b R e s 3 e
ref er encewia #a8&ivSthe eifréd it dhd QnhRnBHite dbefighERM: feckRit AU cfrerdth@tH@r ound
node and l'ess than the power supply voltage. gI'he circuit 1s configured to

have a 2Grceivgigannde, andimepay for eleetirivilhyiselagng atdeast semeoigthe compensees coupl ed to

t he el ectrqde datransmttin de for transmtti.n vol e t hrough
the noaecb iR e ntIREki e FRACe b boBF R B Fan e BEE Gioge s
confi gurggngf@ml;beiﬁﬂl\é@mﬁﬁlmbaapﬁdera;apblyIaﬁcﬁe,cond transistor is configured to
el ectrically connect the first and third term nals of the second

tredsi stor. | Aheserand ndher empadimepisecan eped antiosellgingkade pae eloRpieite’dd to be
0L Iy AL A AR B S5BSSHR, LipBilal B aRlfgtied <o
t er m nal systdm threinskido adedistamn sihsieahe resistor can be coupled to the diode. The circuit can
include a means for providing a reference voltage on at least one terminal of the resistor that
is greater than a ground voltage of the circuit. The circuit can have a means for sending, in
25 the receive mode, at least part of the received current into a current receiver circuit, where the
current receiver circuit is controlled with a microcontroller. The stray capacitance can
include a parasitic capacitance associated with one or more components on the node coupled
to the electrode. The system can include a second deliberate capacitance that is located in
parallel with the stray capacitance at the node coupled to the electrode. The received current

30 can be on the order of one microamp, and the transmitted voltage can be on the order of one

hundred volts.



These and ot her enbodi nents can each optionally include one or nore of the
follow ng features. The received current can be on the order of one

m cr oanp,wendiZdse7ir ansm tted vol t age can be on the ordecrafS2zanp4dsandr ed
volts. The circuit can include a 30second diode, for which the second di ode
can be coupled in parallel with the second and tqjird termnagl s of the first
transistor. \WEPGHS,29ethel ampest Al jeshyggtier described pp thigisnegificatiofy cage or

mor e emgﬂbgﬁ@%ﬁl Plirduddros R RAtingBhE Sce {1%1@&‘?%&9 ah RicsirsReGizhie@td on are

set forth in the acconpanying draw ngs an e description below. O her

f eat ur esstghd. dbpentwt otlulbefisybg@nt! andthist revistors, liext andsappdtremisténsoam t he
description, the draw.ngs, and the clains., K 5BREF. DESCRI PTI ON OF THE

DRAW Nestrﬁm@rnfrnee%fs&@lgg% aaia&gﬂ_#@m, 8P4 AaRasHP et S %%@Sf ISFRUREH I &t y1 us.
FI G5 2A deni eliSinl gt &t Ranki0s Pheind SARRtRfindudds aTRst tBOinkli J¥Ble@ts W th
finger touch only. . FIG 2B depicts a diagram show ng a division
of a fr athe resistor, Rispemidderminiltchupled tpes grbonduede, atrd teeminal¢aupledpp afirg

depicts a.bl.ock.di agr of ctive styl ys. . FIG icts di

of "o o r Sy ot P ARG d Be BB St i SrgvigaegpdedluEHEae ¢ 20 2T
FIG 5 depinglafd aiod@k sipply il @B tiexP@EihRa0sf thefrsy @hhisider, asd Pidcod the

recei ver l1l5anplifier versus tine. FIG 6 depicts a diagramw th an

exanpl e wfindingcoupladdesswennt thegravhd npde andansanode ef thg dirsgdiodej e first diodej ke

reference_nu [ ' (o ' ' ] i.odi i ke
cl et o b ERPEEER R 1S cbUbIE A Gc03e FBHRRRo JRELERN,
posi ti ontahsnait Kighan withragapacitvaongctasehysr: diheBaind nedisteensouplad baweanttic
according to its effect on an electric field. Theiﬁ'nethgds i,nvo] ve a

§

matri x ofodohatie cowed e slretredsi atidelersngs sitast dihg seond {ighsistahigriades o
each ot het, «FQhniea %H%l@d toPthe node coupled to the electrode, a second terminal coupled to a
terminal for a switched signal, and a third terminal coupled to an inverting input of the
15 amplifier. The amplifier has a non-inverting input that is coupled to the reference voltage.
The third resistor is coupled between the inverting input of the amplifier and an output of the
amplifier. The capacitor is coupled between the inverting input of the amplifier and the
output of the amplifier. The reference voltage is configured to be greater than a voltage of
the ground node and less than the power supply voltage. The circuit is configured to have a
20 receiving mode for receiving a current through the node coupled to the electrode, and a
transmitting mode for transmitting a voltage through the node coupled to the electrode. In a
receiving mode, the first diode is configured to be reversed-biased and the second transistor
is configured to electrically connect the first and third terminals of the second transistor. Ina
transmitting mode, the first diode is configured to be intermittently forward-biased and the
25 second transistor is configured to form an open ¢ircuit to electrically disconnect the first and
third terminals of the second transistor.

These and other embodiments can each optionally include one or more of the
following features. The received current can be on the order of one microamp, and the
transmitted voltage can be on the order of one hundred volts. The circuit can include a

30 second diode, for which‘the second diode can be coupled in parallel with the second and third

terminals of the first transistor.
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25sensor can neasure the capacitance fromeach row to each colum, making
n'n nmeasurenents for a matrix wwth mrows and n colums. That neasurenent
can be mawe 2bi/BpaByYi Ng an excitation voltage on a gi vemrcralisonm/o4wa4

nmeasuring the resulting current (through that capacitance) on a given row.

It can be arbj as.to which axis is designated as the ro Ss. colums.
WO 2012/ 03071 She RS rE G e bod ool i Bl LN BRRETLER ¢ he

posi ti ong kiR HMRR sbi B88hn th%' | SN NG iRUTRR nleh aa&fhe desiripEion BEBWI abther
conductive and connected wth sone rélatively small inpedance to the

controll &aturcsrarldlasp@taﬂfdhﬁdlbmwdmattalf Wébb@omh@ppaplatd‘r(tnaﬂt%iea‘tﬂntWG, fﬂnat rix
mtersecél on V\/n thlt t ouches. The capacitance may i ncrease, due to the

hi gh (an8" & CREBS't i's conductive 5and therefore | ossy) dielectric
const ant of the human finger, or decrease, due to the finger's connection
to ground, according t@RIEF PESCRIPTION OFTHE DRAWENSS! . I'n any
such sensor, the nmfn neasurenents (or some chosen subset of them can be
made peri odi cEIGyl dapicipirdiograanel semwlemyrationahsnaciCOtHES. This frame rate
can be a trad f '

allow for | ongﬂ?n’égg? a?tlk g?w[%l nes %@%@%@@5%&@%9 efs{o ltﬁ hgr educe
noi se, btduchbelydel ay may be objectionable to the user. A fast frarre rate

can provide a_f response, but little tinme o nmeasur e, t herefore
provide a noi Ey?r?&%tw%éﬁtagr%éhomg AViFPR AL fiRHE TUaRSElo aﬂéagtrnt 0

sl of,s (or multiple colums, e.g., two colums if the
dlg%Iaym?%ﬁggﬂyﬂQ%hH%phalves or quadrants) excited during each slot. If a
receiver is pFH&Kﬁ@ﬂmﬁmabb&kﬂk@nmnofmrmmWaﬂphs, then 15all the rows may be
measured sinu neousl not, then a smaller nunber. of recei s may be
nul tipl exed a 46‘5) t¥6\ﬂ5‘grw phe ¢ifRLttp SRSt 8%??08‘8%@??11? 8n9§tngﬁ‘b
timesl ot Siecirode.  |'N sone applications, it can be desirable to track not a
human finger, but some stylus that may be held in the hand. A finger can be
relatively | aF@% i:dﬁmztt; ediaganawithyh gsampla of thefvolfegpaitpeted the sereigermy

provi de bethg 0|ni accuracy A stylus may al so be built with 20buttons
or Bt her *EBHYE'S wheels, etc.) on its surface, to provide the user
wi th additionatG cteaape@ a afagfa@a@tﬁ BhfeRimpleRfthe Wiltabe S@pR dfYiReBardift@uch
screens, any object may be used as a stylus. (For exanple, a resistive

t ouch scW@@wﬂwa9 respond to force, and nmay be used with any rigid object.)
But a capacit

nonconductlngts FEM§Q§?ﬁ@ggg&Hﬁgeyé%mP§§&§99V&ﬁ%§d%ﬁuﬁ?%%@%%Fﬁvﬁdlsrupt

t he el ectleinenfsi el d. To 25clarify, there may be sone effect observed due to
the stylus's dielectric constant, which can be higher than that of air and

t hus increase the neasured ca it e i ffect is relatively
smed® , resulting in non-signi f’%ﬁﬁ?!ﬁﬁﬁ‘%@ﬁlwt he electric field.

There are methods to detect the position of a human finger, along a two-dimensional
sensor array and according to its effect on an electric field. These methods involve a matrix
of conducting rows and columns, approximately at right angles to each other. For example, a
25 sensor can measure the capacitance from each row to each column, making m*n
measurements for a matrix with m rows and n columns. That measurement can be made by
applying an excitation voltage on a given column, and measuring the resulting current
(through that capacitance) on a given row. It can be arbitrary as to which axis is designated

as the rows vs. columns.
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A capacitive touch screen can respond to a touch with an electrically
conductive stylus, if that stylus is held in the grounded user's hand. Such
a styl us wenotr3enafi gured to 30have an el ectrical |l y comdwaiscme/ot9sp4
(generally compliant), and a conductive path fromthe tip to the user's
body. As such, the stylus may perform.al nost |ike.the user: s finger. But
Sinte a VD 20H3MESSHEIREHADSslsEt g 2oH AN Hﬁ%‘ﬂfn?“r fite PAGdng Buma Gpdsr
somewhat 4iap g@h%mﬁ@oﬁémﬁ% M@&rﬂ&&é&%ﬁ%gﬁb @%&ti\‘}éi'ﬁ BENERFedah 8o WS and

col ums can l aced wth spacing on that order ?n S may leole the m ni num
spaci ng reduilleedir¢uit’s grioendoddet effenty the capagitamnedit the matdyiiersectivmashereivent  of
position with higher resolution than the sensor pitch. A conductive.stylus
Pher ef or RS AEGoREATGE b, Hee B bE Ften R eloh AR I SoRACERTE 1
order (ajnd QeRIG¥iI8y Adisldbikic CbBiMt ¥f R 8TRREE of BeGaRaiveanaR fireRshi Ve
an acceptable signal-to-noise ratio, and (b) to provide a signal that spans
at | east consctingt toj gtounst agoeding tnibe spasifechdeasigndddha sgpsa. t o al | ow t he sensor
to interpolate for finer resolution. Thu a _styl i i j t han
that -6 hm e 8 b et SECRA B RS e fabi ibelbitisPoldnlide, 00
t he di sphayededtidthgtly sassinprrami des, o gheipl@torHac Thik(tdndrate Ghpeusradbeif does
not have a fine-pointed tip. The fine-pointed stylus can allow a user_to
poi nt nopeneisageseioyPene tigiced) slepframriatamey pilesk farjorg nisgrationdnesiglr or
a sfyl }an}f’&a&lﬂin ,{;vﬁicﬁttén\é@ 'u%/ rdadt §di8 b@f th@ﬁ&wﬂla}/%%tob‘e%ﬁmblef t%rtP(?ffs%HpAe A
person's Tinger or a fat-tip sety us ‘may not- por nt a5 accur at e y as a

rel ati vekast frame raxe cahpiovideiafas ryspusse, butdittldeme itpmebsurd) @ndl nrgeahereford at - ti p
stylus may contribute to relatjvely significant occl usj.on en pointing to
the mat r PEOVICER: 1Y REQSHIRARGY- ¢ oyt hiidas 61 cap e dg\i@%ﬁféptot%\ﬂglﬁ ‘Eh?}?eovi ded
(e.g., f LRIPLRANDTe o R6rolcbAUIsNBHElIREId i€ silitehd Halvagut he styl us)
can be pF((S)lg}gtrnR?%ﬁlgFfp?% c%ﬂ?égtgt’gﬁgggwsggthgg%?oﬁl %Eski nny or thin stylus
i n cl oseqpadvaitshiexyitedoduring eselnslot. 1€ amedeiveeisgprevided fogkhdoow, fmdxamale, tkhect
may not be easily asur ed ai nst noi s | n.sone inpl enent at.i ons, a ski nny
AGCA i S RS A e S A g e R A
touch schegmiflAsxed adnghhe foRs, #RBXRPRARe bkeRHOWA tht® yAIThéR tBnesldigCcause the
contact area of a person's finger against the touch screen is usually at

| east 5 nmm) | in smheeapplioptianssibtant baodesiralla tetrpd ot  dnmenfinper, petrsporemiduss

| ong as t,h itch of. the sensor is smaller.than the nt,ac ea of the
act gati ng“agﬂig‘&%)? .he@dptﬂé{léﬁ?gl Z\,ﬁ%g/eéﬁar?”?e feﬁaéwfbg' fgSﬁamg’gﬁeﬁﬁ%é S@';ues’ %nfoda%ed on 5
mm cent efife-pbiedd@@ud aH peaiddisetieepsintidadtufddy r as@ylu nap aketbb®nilt kAR that 5

nm by using interpolation. For exanple, 25the finger or fat-ti_{)ped, styl us
may2the oRutjanssk ofhstisansaisdsapoll whaelp.ig- pon ihsustrce.dn PrYidethe pess vatheadiftongl 5
Thi s exa C i f. the r i t .l.east
fwo r ows P pesC o b inpla® GRRLAGE uEEPt ot Bl AONINCL Aaf BONs B ase RS
to that efylw. (Farexpmiply edespiss toreh sérybumay asspand fovfercss atldunay e esedtvatipl at ed.
This stylus, rather than just, K being connected to ground 3Qt hy ough the

user' s hamarigidgabiest h S arrRasitbiedeyqhorees may gt F?P@é@ptﬁﬁltgu‘g?wméég‘f’m ng or

conducting stylus, since such a stylus does not significantly disrupt the electric field. To
25 clarify, there may be some effect observed due to the stylus’s dielectric constant, which can
be higher than that of air and thus increase the measured capacitance, but this effect is
relatively small, resulting in non-significant disruption in the electric field.
A capacitive touch screen can respond to a touch with an eledtrically conductive
stylus, if that stylus is held in the grounded user’s hand. Such a stylus can be configured to
30 have an electrically conductive tip (generally compliant), and a conductive path from the tip

to the user’s body. As such, the stylus may perform almost like the user’s finger. But since a

12



WO 2012/ 030713PCT/ US2011/ 049534 transmtting a signal on its tip. In this
sense, the stylus may be configured as illustrated in FIG 1. FIG 1
shows an wopbensatiati on of an active stylus 100, which ipsTiUsS2@ 03934
proximty to conductive rows and colums in a matri x 160, and which has a
conductive body 110, and a 5thin netal wire formng its tip 120, The stylus
100 has HBumahiiBesidieducesa s yomewha dargerdhamnd pyavhan provrediagaing the s508e0 £ i ef d
i nes 1AG S L QULADETRLS L USald REAREINLRE Bintkas, FAR may be tht MrifiYilEn

i npl enentations, the capacitance between~"the tip of the stylus and a row or
col um i gpdche raautirddxo datarpbatadanestly,entlite ptoyide o measgiengent afysitioaneith and can

be relatjvely smal.l conpared, for exa e,. to the capacitance between a row
and & coPlegR ieRPIEHen (haN Hieccisns pih. o anpretive Sl TadRBAT MG pRRg=ve o 5 on

di appnd- ghaned FANAYGHATn BRhiRI S Rleriro RGNS Sl fr & kiaRgd# Pi t ch,
and for a thin electrode in the stylus -20 nmlong, the result_lnr;(i;

capaci t angmcitanee beadnevere ageapéablosignaho-npise satiohend Gwtoprogisicwrsignd thett | y

under the st s. A di anpnd- shaped conduct or ttern.is shown.and scri bed
T o bt s DRSS RRSS B ORE SR RN IR B o R
di scl osukg fifer WRbGHOA SThiG @RAIsALiEHa BY fihel @A THEE~5 Hie mbyPeylesifed ochiken
grounded through the user's hand. Wth a netal -bodi ed stylus, the coupling

capaci t athedirerpninted stydisyicglydesdessind thesdipplay addmage.sind praviddsdigher agqgeacye. g. |
in the hyndre t . i’ i ta i IS
typical 1A arras habies 39 hoSk tiigpoiRet 3, FREASLFARS HAEaUy SER
styl us' spegint fildtd acgueisty atdpricbigel ¢ ithagili typigaldyssided bumarhngee 0s astybusoxitit 4 ol

el ectronics, Since this capacitance_ is |arge conpared to th? 100 if
20capaci fAHEEDT fbHPLH@rQung et ~OHams oy FXample. Prieridnsieer Phataiipshdus and
controll er.! L rcul t : 1 tJ se
The coupliigof BB RS, Sl Bl SR P TR o R T o
styl us' s fatitipcstiyltis gap voidribotettd eclatovety ogdificant ocdudion when peinting ® the matresant .

The AC conponent of this voltage can . appear.as nqi se. t he capacitanpce
betReen the st§i ySMSCHVP ) Sgeoh P %ﬁ%rfﬁwéwdaﬂwﬁeff @&-f’@w% @S@P@%&ﬂd
| ncr easegye fiNging R dBAEAIY B8nPhe sHIE) BH BE¥PbLBEA 1o EOitad aBlaWThdRhSR. A
current, decréases. In an inplenentation, that capacitance nay be | arge

enough t ekikeepr thitestylus srecloss pragieniy to haseasoraon bptesbsmall eliegd ahd thay eBpeir
operation of e stylus. .To nmeasure the position of ;the styvlus.in one
ot St BEeRly miinrd asyRg nER g St Ll e Sty PR SR o
do this, pidaldoldoebasil9finthRladdbddaudes dapdditivesisicicadtingasla pAwh,tbr t hat of
the control electronics for the sensor. This nay be achieved by

traa®smi t ekample, afiaseundc mire(esyrhepiusn thesgontist ey abd pPgreongs finggr agaigstither ent

fr equencysuc rscrrérgrg %lu%{[laﬁgf e 8 mm). In other implementations, interpolation can be
performed as long as the pitch of the sensor is smaller than the contact area of the actuating
object. For example, even if the rows and columns are placed on 5 mm centers, the position
can be reported with resolution better than that 5 mm by using interpolation. For example,

25 the finger or fat-tipped stylus may be on %2 of row 1 and % on row 2, which can be
interpolated as 1.5. This example can work if the contact area is large enough to span at least
two rows (or columns).

To improve the signal-to-noise ratio compared to that of a fine-pointed passive stylus,

an active stylus is contemplated. This stylus, rather than just being connected to ground

30 through the user’s hand, contains active electronics, and is capable of receiving or
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WO 2012/ 030713PCT/ US2011/ 049534 di stinctive pattern) on all of the colums
of the matrix simultaneously. This provides a tinme reference to the styl us.
The styl wormaiz/o3adiatain its time reference thereafter, wmsirng2@i1on9534 al or
ot her frequency standard within the stylus. The synchroni zation pul se may
generally be transmtted once per frane; but in sonme cases, [t may be
transmit HARPIHHIE d1ienaben ity fipe H this sepscs thei shyus %‘aYE%C?’éficgéﬁ?fiasrlbﬁﬁ’faFeéidnof t he
system aff to the long-termaccuracy of the stylus's frequency standard.
The stylus can search for this synchroni zation pul se, and when the stylus
recei ves the BiGchshomiszatimplenputasien of as edtivietstylanrO0t ivishas e clddeqresftitgr , t he

control electronics scan the sensor | he usual . way, exciti each
col unm i 10 CBAUEREGOS fnt eHEmHS ol ot ety B it e ihadyg Torard s
cur zent  pRe Ve diRYoRARY ifs 120 hehe %Ms%b Pas FRERUbERCHPELIBCARBED 2BGE
fromeach row to each columm, and théreby neasures finger touch in the

f
usual wathat Slond tharkotisifield tihes 1d0yians theenastixk d 60 thescapscier vigthsdiOgnal strength

during each colum's slot. If the stylus receives si | during a given
ot *then « ndh P freBbipiameBe eiiastie ER TSN By B0 ELE B8 aFdlY

col um. EQumnNg tigaaneikicn 88 alnist &@irel§ 4 flinfin@cagacithlR, &id/daubeGantivagei ve a
nmeasur abl e signal on about five columms, and nmay interpolate to determ ne

its 15posingll epmpgredgor templaty hecapasitangehetuedsi & 1ozt dndya colyipg in the mattik s
rung, perpendicular. fo rgFﬁl 1 ' [ or

ex a@pl e, ?gﬁéeixag}%ﬁtg%r arrsaeglpﬁglﬁtg}ingl y Orn\gs%]tgp%q %qtﬁp%éﬁg%%ﬁ\ﬁhogﬁh? fo“rlse%lgi ves a
synchr ontglaiin®bn p8ns@,pitah, aadtfomethat dedtfaeiih thededugralt meh lasg ttherddulting
Thereafter, the stylus may know that the contraqgller w LI excite colums 1
t hr ough Rapagiance gl bg om-the orger of 100 fkto the rqw ar eqlymy dirsefherndey the sbREt o i n
sl ot 7, I WA I r ']Qgﬂ] q Thing, may
provi de g%gﬂrz)g gr%?%&tg.cl,()ﬁ%%&%%ﬁ%@ g]rs 0 %@e&gce%segﬁﬁg'?cfﬁd%gy K@Pgﬁarﬁhg% mm
posi t i on12/887,094 dilpbbafilpi 65201 Obkhe diselbstue qfmdndhdie idonmraed by raderence. The

Then, to deternine th | us’ osjtio ,the other. axi s, an additional
{1 sl of SPRISHHER e ORE Y paEbae P adrEh ADHL: Sre A hedied s TEAaNEHAE
I nstead, ¢ Cﬂ(;é@itéfcl‘, Irtdsn fh'é%ﬂrﬁhﬁ@ hshd R8I RSRNE rShONAY 145 Wuifl thammdRegpr psed to

excite a l'um. By looKing at the outputs of the receivers attached to
each rowso thaethpasérts apacfanthe goyidisvhich is kpisallasinallermhut ladet Y pli,ned. One

or nore receivers in the touch screen can recejve, this.signal.transmtted
by the. sfyreiesiie s S heohIEE iR GERT] BineProucapiRlot BRon t he
control | g&nsBRY cSiftod ERLBEiEN Hindd\BisThyddittindeSis reS Corhpuréd@tth®@0d freul ar row.
Thi s process can be anal ogous to the process by which the 30position was

det28r ni neebacitanchdrom Hitip, olthg stwlus ko the senspr ity lne’s anh gomteadler’y eircuit
i In Lg;fg? gfb%gﬂ%gt?% gtnlg%lélpg gﬁers%)ém%ﬁdygeglﬁlalt. i]?éc%us%%héj%%liké ?sncsa%&ﬁ‘?éj ﬂilenDHl” tiple
component of the voltage from the stylus’s circuit ground to the controller circuit’s ground is
irrelevant. The AC component of this voltage can appear as noise. As the capacitance
between the stylus’s circuit ground and the controller circuit’s ground increases, the
25 magnitude of this noise voltage, for a given noise current, decreases. In an implementation,
that capacitance may be large enough to keep the noise voltage within an acceptable range
for proper operation of the stylus.
To measure the position of the stylus in one axis, the stylus may receive the signal
transmitted along the columns. To do this, the timebase of the stylus is first synchronized

30 with that of the control electronics for the sensor. This may be achieved by transmitting a

distinctive synchronization signal (e.g., at a different frequency, or modulated with a
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WO 2012/ 030713PCT/ US2011/ 049534 Along the y axis, the stylus transmtted in
a single tineslot, and nultiple rows received.) As for the case of finger
touch, thwonomw3oasei ve the signal and the col ums tranggirtustée/osisgnal , but
the stylus both receives and transnits signals. The stylus transnits to

| ocalize jtself anon nd receives to |ocali tsel f th
col umms. disHBFH eRatam %a?ioégie syl I PHEK SNBSS % 1&%8@"’% S&é‘%&ﬁ n ne
a nore ei‘éfﬂjénée%%é Q1. nfﬁerb%'lﬁé)ﬁiﬁ‘f Rﬁﬁﬂﬁﬁ lits time refekéncg‘t'llxetréa?ie? wingldgpsalar e

pr esent en they can determ ne position along the X axis In
par al | el or Gther &a;nhmsy sthnderd wqhnmrthaesstylus eﬂwrsazndlrbnlmsirmulseonaegmrallméel ts

position al on ey a e division.of the over. fra into
PP st o borsaited i heh faiiPsuddn e fassh IoRe e SB T dosknele SReShlRR (he case

wherse waédomlﬁg & thb l}b?t@&y%cﬁmleg%@'tﬂezs?gteﬂ %ﬁ{oem@ glté’nm h&u@a@om{e%t}fm@gre
and each Sty us i s assi gne a Sl ng tineslot to determne its PoOsSI t1on

al ong t h&equensy sehdard Fhesiduscan searghdorah® syehomizationsailset andfghenrthe slylwins,
for the case ere th an seeks tto det ect onIy f neg{s tflouct[l Flort t he scan
wi t h bot FFIVRY SYRTRSPIZHE g USSP g S e R D Ol R rapics
timesl ot sd%hd Sendstdgthd @ual gy, by RE&LITiAG bahldoiPIH 2Guench evith tﬁéhsa&ﬁ%l@tgs 235
for n colums are retained, and mtineslots are added for m styluses, where

n and m sieeeiorpdgemsaywiaaths curtrahreseivedpmpachgownte copicell W?W@%@éndl ng to
t he nunb t:

cal Qul at g%Pa&t%r%pﬁloﬁga%géo Rélcég'{n?%%ﬁgg%g%y rﬁ%%ﬂ%gﬁ Bg%qg% lgtdﬁg‘% ce with
processi Rgyc 8faltdnedusds he @Wias febdurdBtite heeivas sigdalizaekgth dutlh’lgeétﬁa:pbjrmrﬁ ation

sof t war e over the sane path as finger, touch jnf over a

uni ver saflot eifithg stﬂugre@e}gm SIgliwA l@uﬁ%k givgn gl O&dhimﬁe 3V uswﬁteamﬁgeﬁ thab#ds, t he
rOW pOSi gbﬁ@ Ifeﬁrll&@ t&ﬁla?%lﬁ’ﬁlﬁngﬁhE%@mQ@tﬁ ﬁfﬁﬁicgfegnﬁj‘tﬁi MegRl ¥afds & the row
recei ver he row position can calcul ate y the Same part of the

syst em t hative almwsaxtabk signaben attoow Ghe solufnas, aadarmyl isterpbhais & d&errpms;lts i ons can

be reported, ba t he,system far. a USB or oth | i,nk. 25But
P heioe cobrafatens Deci d Bt e i B nec Py P’ P o ap Mo back

to the ag&hhﬁg)twgphﬁg%ltr\g@&guérp a nunber of ways. In other vvords t he col um
positions can be calculated as a function of signals received by t he

stylus, and tﬁerwhum;ﬂgmﬂm ons 1mam11>b®5¢te‘7§dnm®dsetthmre;cym:@m (e.g., using

avmreless rvmredc on eco h | n_one
exanpl e, SWCBIE(}%ZE‘EP’S} PHs°© g 3\%‘1} IFBP](yhcgeS@%tte 1(13{8 elrceld'Sle %‘P{L}lﬁ e
30comunigavk QR thd d@)htrﬁﬂé} il e&ﬁﬁt@&ilhﬁh@ﬂtﬂﬁ«bﬁéh 1, rat ﬁm‘é&, t+ng2, .and, Ifie stflok ng
can al so provide a common ground between the sensor and the stylus. In

ano?tOher eseaivps energhin ety thendbgsty wpisxipigmisg e bpcipsetsxeplumnp 199 3is may

provide coarse (e.g., on the order of the sensor pitch of around 5 mm) position and
interpolation may be used to provide fine position.
Then, to determine the stylus’s position in the other axis, an additional timeslot is
added to the frame, in which none of the columns transmit. Instead, the stylus transmits the
25 same signal as would have been used to excite a column. By looking at the outputs of the
receivers attached to each row, the position of the stylus in the y axis can be determined.
One or more receivers in the touch screen can receive this signal transmitted by the stylus; if
energy is received by a particular receiver, then the controller may determine that the stylus
is close to that particular row. This process can be analogous to the process by which the
30 position was determined in the x axis, but with the transmitter and receiver interchanged.

(Along the x axis, multiple columns transmitted in multiple timeslots, and the stylus received.
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transmt information to the systemwrelessly. For instance, this
information may be transmtted electrostatically through the matrix itself,
by addi ngwvoubtzgbasti nesl ots and transmtting the binarpcrasea 120495801 di nat e
with one bit per tineslot. This requires no additional hardware, but

i nstead can be acconplished by nodifying the stylus's control 5 saftware to
di f f er ent¥lgnathe Wiaz@?{)hﬁétyé% tggrsmitaddp awneds timpdet prdmpltiple rtomsge%\g?daexg
acconpl i LBOGhbE BRNOURLGNS Rl &%&% | 8 YR RS AndRA R ghal e

si gnal ugge}gg?%h%}egcébgget e strgvus %lr‘{t e axl?ms. For eganélgg, thegl}sat’yl us
can tr ansuni the stytusdiottateecives andrimnhimoits $ipoals.t Tiee €yipb tsndnatstthdodatist itsehf ough t he

matri x, where the tra sn‘i.tter(s)l and reﬁfi vers th are useqt f§ | ocal i zi ng

the styl A90BRHCIPESBLIGGEES dotlLn Lt ampteoREPIUBHS T Ty arpiafians
codisng seRERBRbE 8n FOREE t818&6kniRe b HRRS Bldot I0RARIRIACRUSY Rhsét, W T el ess
channel . So a tineslot can be added for each bit of the coordinate, for
exanpl e, and dumiltiglet sheltiselsiareesent, thdnsheyt gdnudstaramnet thein pagition flongthe x axis
correspondin it is.a 1" or not transmt if the correspondin it is a
o STy B e 65 St bretre eprioR ot @By RRGC ERERS Bl Mo
codi ng sgligMBf dTeMioARf U erdByirafeiing iftbeinidsesthetefort appdass £)6 FEGS. 24e

i nformati on can be coupled fromthe stylus back to the 15host through the
matri x usidhgBt he existing hardware. An error-detecting or -correcting code
may, be used tg./ ve t ness;..of if.errors
Qs o not se. 116 FHE eI HRINRRGE s UEBHEAR HRIGRDAL: oFl

auxi | i ar yinglearumed, and edchessdoPis@sAgricddl sindl¢ gaieslocy deammineiitalosoios abingnhe! |

| i ke an I EEE 802.15.4 |ink. The bit rate can be rel attj v&_}lgy | ow, since only
one coor BatiHCpeA sheys adramecdd with pEmeslatsday b cdlgmperior thgipase Where it 20wi t h

a 16-bit i1y p : it
Fate i's 1800°H D ARRELHAE ShEATRELP o BRI wid, B e R g

wi t hin t BB showse finme 226 wiegeia tiedslbnp225 ianddad fot the spodironizationubsegthe nhe
matrix. This ¢ | ow t he systemto reserve nore ti to ke the finger
t ouith paBgEFIP‘é?%éafj%%_ﬁ?}P%ﬁ cgeieice. Adym GenesloLy a7 BHaas _ ﬁs‘?l}ere n

resul tingnd Q@ﬁﬁt@%erss%t%@f R oPEhBE GHe! Rith AN rreshéndifitodH hihBénbfchannel
is used to transmt the 25x coordinate, then that auxiliary channel may

al so be wstyddes.o synchronize the tine base of the control electronics with
that of the stylpys, renoying th eed for .an addi.tional ti | ot for the
synchr oni zat i tﬁ’ﬁlpé%c.essfﬁfes’g ?fﬁ\}ﬁfl%ﬁcﬁré © Fﬂ%‘ﬂ@g@@v lrihhtbt 8\98’?tf‘g%?e§8f)f“ﬁ%°% thin

the framge Hd@ﬂ(%.%.,@d@‘i/deﬂ@itﬁ bocNRe Ebdmlitidsy, RaRrOf nfe9BAPALea bhditoch@nnel s
may be used, including other radio frequency (RF) links, ultrasonic |inks,

andoopt i epplidatipiksoftwase owstghpsame BoThelingsk tovch igfornainde. ep@ycid o Veigr ove

performance, .t o t.e .t &l im .

Cynchr ont st PR pUPL B il 6 ubbiefl HTRMEE Fldvalfie PRF Basifon B clculated o,

WO 2012/ Q3RS Of WAk 1RATI4 thadoserecsiverdnBo gy @l positppanbe oalcalbted

col urmsnéjoré},1 at least, many colums uniformy spaced throu%hout the matri x,
 éhe

for exar WA nar of g sy ster Bat ‘@@ﬂ%ﬁsﬁngeﬁtwﬂh‘@r 4 §xyyEPlee dBPREIEVhy t he
stylus i hBﬁﬁQr?scctah‘B%r 0 eg%aé“ﬁ 1S sytdnP GBf é)&ﬂltpfl]éé%g’%wm bi¥er l}nﬁ@ total

i nst ant aneous transm energy I's greater n"when a single colum is
excist ed, and But thersecdordiedty it @lculated within the stylus, and can be relayed back to the

application software in a number of ways. In other words, the column positions can be‘
calculated as a function of signals received by the stylus, and the column positions can be
reported to the system (e.g., using a wireless or wired connection from the computer to the
host). In one example, if the stylus is wired to the system, for example, then the

30 communication link can be established with this wiring, and the wiring can also provide a

common ground between the sensor and the stylus. In another example, the stylus can
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5 cause el ectromagnetic conpatibility (EMC) problens. If the

synchroni zation pulse is instead transmtted over an auxiliary channel,

t hen t hi swef2bext30713 avoi ded, because the synchroni zati orcpuiss@iiohgseaigh t he
matri x becones unnecessary. The sane path used to comrunicate the x

coordi nate may. al so be used to comuni cate, other information, for exanple,
the st at GarsmiGipiqrarstian & the sydem sureigselys Far ingtnety thipdogpatios Ay ke The val ue

of a forg ' ' | dﬁic‘]garﬁﬁ : port ed,
to di scrﬁ%sﬁgﬁ(g@élf (g/tla)ussat@it(é %lﬁf’cﬁxcﬁjtgg%ﬁ%tn%%sl Egi/ge);r)&dan toit%%eo@?%é&ga%(gnti nuous
measur eneadsndftinighke binylyus)dbdk ceordimted witls onebiapet, tiraestatn Jhes requics nsensor i n

t he stylus_can be used er haps suppl ant i he ed for nultiple force
sensors ?‘f‘?‘r‘%ﬂ&ﬁgﬂfiwﬁ%b pitp ,Caﬁﬁjeﬁ‘é?q{%fbl?ﬁg‘? fwnd’gﬁ@m& ﬂI?ﬁ ﬁﬁ]élﬁ -S(SB‘&qr?lt y

meagur e”&ﬁ%wﬁé td MBrof QNG ili BHGRisHRShAEWhAS Spabikib a1yl %ﬁylntat/ Bk @cdoRifBh&ENSOr S
t hroughout the matrix are sinultaneously used to nmeéasure the force of

finger onsing therhartbvere that wes vibaotiesused to geneFdtGheJignabugsd do Isicaldde the sigjham of
some of the conmponents of the stylus, 300.. The,styl 300 includes .a current
ecel ver e ST, o0t gTF RSV & L dgeRnrd et &
seque nceﬂ@%gﬁ}ﬂdagﬁ tIREWMBIRNWhEE tiEd i rBRittdrE 8Ri MEEiva4d thad Bt (sBE fordbdatiging
transmtter 350. 20The sga/i us 300 al so includes an el ectrode 370 coupled to

a t r ansnihe/stydeetanalsietushd Beiansmitanforaaken esirgewi wiselssscodiezeemes thdupl ed
to the current, receiver.340.and the.vol sm. . e
Be° actuEed oSl ThoM Ry AR sh st Pk SETHERG: it be adGORPERY

t he roni'cs, nme rsourc

battery pRwetheedpfilinatsd 6 xamples ued@apabattinesldtf tht by lwane eansniz & ths
sufficiently small to make this practical, then the stylus %gsul al so be
pover ed Foferspendieg hit isa gl”; of ey tapsteib i the eprresgonshingbis ol - (ke SBFBEN. The

S, 00, R TS USRS, R B LA R R hannel
sequenceaddihgtheringsiss tonheswtdnehsinfdmarion cm bheoupiecrfomn tier sty lhebacR20 thes
ool maess (eBsfpRe Tt HENE A G BUPBPION it PEPOIYI 3 O & EGBREA (s
ot er nal e e b e B e opaci Tor.
a rechar geabl #hbatoendjdatd may hlgo be yrhnmnittdhever e axilprg somnelPET/cw8ROEl 049534
radio-frequency communications channel, like an IEEE 802.15.4 link. The bit rate can be
relatively low, since only one coordinate per stylus needs to be transmitted per frame, so that
20 with a 16-bit position and 100 frames per second, for example, the total bit rate is 1600 bits/s.
By using the auxiliary channel, no additional time within the frame may be required to
transmit the position through the matrix. This can allow the system to reserve more time to
make the finger touch capacitance measurements (and stylus position measurements),
resulting in better signal-to-noise ratio (SNR). If the auxiliary channel is used to transmit the
25 x coordinate, then that auxiliary channel may also be used to synchronize the time base of the
control electronics with that of the stylus, removing the need for an additional timeslot for the
synchronization pulse. This may further increase the available time within the frame, thus
improving the SNR. Other types of communication channels may be used, including other
radio frequency (RF) links, ultrasonic links, and optical links, for example.
30 The auxiliary channel may also improve performance, to the extent that it eliminates

the need for a synchronization pulse transmitted through the matrix. The synchronization
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m erocontroller 320 is coupled to a current receiver 340 (that may be
simlar to the receiver on the rows used when neasuring capacitive finger
touch), awdaumsbtiage transmtter 350 (that nay be sim lpam/useotogyss4
transmtter on the colums used when neasuring capacitive finger touch). A

transmt/receive_swtch 360 can be configured to allow the systemt
mul ti pl eRUEHE CHBRMEMO FPoE . LLATWRE: (06t 7 MBE RS e gh t/agaeceﬁ n the

vol t age asg%' Einad?d ONLAnNE ofE KLRCHERABIHAR) iMoo HeYbdttyedd)- The
transmit recel%ttetthsvm tch 360 Icr%n’gll I ow&g hi gh vol tag):je (e. g.o, ar oundq%oo V)
out put t thelséylapiplesativoof the selwist locadion3 Tonsayuehity, thednthinstantsdequsand t o
receive a small current signal . 9., around 1 uA). from.the el.ectrode 370
in the rﬁmﬁe%&égy Wﬁée%%ﬁﬁ@g‘&ﬁﬂ%ﬂg%FW%%ﬁx f5d ff“rr%?els EWry Jélgeﬁy f’oecei ver
340 scan pgiseertigHaaltt eonpMebily YR frablefsr MthOsyindRrohlANSHTHEEESnAR
receivers attached to the colums and rows in the matrix, and maeke a,
similar tressuittedreyrr anpusiliay chored, thén isofleict is avpided,diceause thestynehrpeization
exciting thet COngerge}/no 1.ag0e 1‘%@9 meeagsurri ng the row current to determ ne
finger tBUChIEAMER the BRE FOAMSERUEFSAY: al so be suitabl e here. Non-coherent

detection rrayTb@sama)ﬂbam askdnecemnfinee the x ¥ByrdiiRite mey bliss Be asedabeci se
alignnment of the stylus's tinebase as woul d phase-coherent 15detecti on.

The aboveoramseicpistotiss infaymating, fas cxample R statsrd saiehesyor offiss eordrols pitachesht ity
is col [ h [ : » ' LIe. .S may
repPesent’ e il E tafiebe a Pyl ke bt BIRE R Elordu bR, callel ™'y
be desi r apbeed,as dizutimigakeestgint tduck srotrostylughsvar tandtd frogida alcontmeusr ms

simul taneously. All of the_techni gues descri bed above still rk in 20this
case (e. Bicasuygrneitiofi theisiles Bree aémaregwde_a&%% ot GRS We&y}fﬁw&r‘?& |
pseudo- ngl3e,MayKis EIISWE & %@ﬁeé&'ﬁ?nﬁﬁgﬂe FdRc LNy 6 A HOGAthE A®ix, kN this
case, it may be pos le 1o transm t greater total ‘energy per frane,

i mpr ovi ngerhag@abvitlmgradiigleer-qualityusdasaremienpdfghe fitred thoonghdhasyles,cuims ex

receiver be used, tg correlate for the multiple orthogonal vef or.ns
S it anBOGrS fordaters ot e otk air s kIR ERGE REr IS RS e

si mul tangg%@floy ofe® n8e 8§ NisheEthE, U. S. Patent App. No. 12/838,419, filed on
July 16, 2010, the discClosure of which is incorporated by reference.

As descri bed HEovieshomsadlek ditgramtofisome ofithe doopaneniseisthe stylsd0peddeve from

i ngl d h I .od h . d |1
LSl D RS 34 G5B 0, PSRBT

mat i x' s3p@eAcRére opeRBdis lebvitaake MatdngReival ) dAahousithed BAndmhicen3 s
generated. Wen recelving, signals around a m croanp, can, be
€

VO
50122/ 030 ThgFirins 380 alse/indudss an electrode 370 coupled to a transmit/receive switch 360. The

transmit/receive switch 360 is coupled to the current receiver 340 and the voltage transmitter

350. To operate these active electronics, some power source is required, for example a
battery power supply 310 or a supercapacitor. If the screen size is sufficiently small to make
this practical, then the stylus could also be powered inductively, e.g., from a coil behind or

25 around the screen. The stylus 300 may also optionally include an auxiliary communication
channel 330 for reasons described above.

In operation, the microcontroller 320 sequences the process, where the software in the
microcontroller 320 is responsible at least for maintaining the sense of time, for computing
the coordinates, computing the interpolation, and reporting the coordinates back to the

30 matrix, and so on. The microcontroller 320 runs off of some internal power source (e.g., a

battery power supply 310, a supercapacitor, a rechargeable battery) in the stylus. The
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resolved. Sone type of transmt/receive switch or circuit is necessary to
provide this dynamc range. A circuit that achieves this is showmn in FIG
4. WO0Go12036hews an i npl enmentation of a circuit 40@CrTrusanimeissye
stylus for transmtting a |large voltage and receiving a small current on a

single electrode., The circuit 400 includes a 5resistor Rl COLflp| ed . to an
i nput  t emAsTAgANtOter 34048 koypleditp acurrenhisra e 3484 thatr gy OF sifaifas {Q Feapeehes 5

first te&g'}e 1 arg\ﬁzg%lﬂ x@ﬂerrfdrﬂeésﬂﬁn%gfda&h% iﬁg%«g"toﬁ’clﬁ,ea(fﬁrédvorltﬁ%mrél%biﬁé}%bed to a

ground no a thi term coup to a’first whnding of transforner
L2. Zene(thatimaebed@milsr ahptradniiterpartat babinms tked wienseesndng@erpacibive finger

termnals of transistor 2, b { ng .coupl.ed with th round node .angd the
first wi ek A fagat fesive ruitiesoiL ot b g it i B rierie MRBERIEN fieor mer
L2 s coupl&d it e QURANGECHRBLY akBtld voltRee i3 e RiHab8 inin QAT oA theldng
third termnal of the transistor 2. A second w nding of the transformer L2

i s coupl eldctralet}T8 igthewtdundde Hredrammirocévafwithhdd@ cBh allgw edigioddtagé di ode

Dl is coupled to TP1 re the electrod nects. Node TP1 i.s coupl ed
Lot Grecapiih R 5 Setpuripe fapiiS 5o inge SO MR JonbRR Rt aniin

resi st or 1&3pie adRAIIQREEANA MY (c. @, HIRRC]T LAY r6RXhE lectTRR I70lih tiEO6FeiTEMBEaE. St OF
Rpd has a second term nal coug ed to a voltage reference, VREF. Node TP1

al so i ncl udesThe veljegedipasnitignéEband ihe ewrrent scastyge picasbercogfigyed tahavgyn

capaci tor. Gst t . i i . .
R S R M T e e

t er m nal agptipkedsindlat ArasudmBEdtl Most dlpskes 8f fcuith ehadafelsuftatee fdrCxéiting ke
non-inverting input 3 of the anplifier ICLA is, cqupled to voltage reference
20 VREF. cathmngiglipgs andapeasying thegow chuentip determaine fipgerdopeh byipAnseitive a fir st
term nal _gf i 0 i .

non-i nvef |S%%8?}g$l§18§% %?Fét}{!]egé'al%?? |é‘§lﬁ}a§:&?ﬁ&} %ngggﬁgloo%? g%e‘?%ﬁéaéqgecond

t er m nal naf noheqfiee dbaekise apamdnoof BE soyhd’ f tackzac ks weslid phase-dherent In
FIG 4, the transmit/receive circuit uses a battery voltage (e.g.,

apptPoxi nﬁ?té?tﬁpn?: V) and generates a high voltage at -100V (delivering tens

of m croanps @f,c GhvVeRREcrBkiof ndy RUNTHRL: AP IndedtRE BhNEherdRdt cRBtyRk aced on
t he sane node. The receiver nay be disconnected, so that it doés not affect

t he genecaltisa ihitlghmatoixs epestylus) trepsiitapisaiimsi dhis naaydreptesent pagxample of amay be
di sconnected,.sq that .it does not affect the received signal.duri .
Fecopt] ORI HPGRTHUI AGEn SaRose Sgeh B At g R R et v fpmit
simlar tanddRal WREsHGihEineokt dA L Of Gaebdimidues abRabed irywe kil evodk ol ay,
or used in a swtchnode power supp The 30flyback circuit includes the

ly.
t r a9sf or thas cdsg (e.ghvith r@ulﬁplwrténmngyﬁemcigy oavithfqreeenal gsqude-moisest  or

primary w ndi ng of L be st s a i i it hin t .cor.e of
2. "and PREO0B Sots Pasdfe Sk RERTF, Il hulRabRiE 2
t hrough thesnsies grdedt Yotiull ondigypedframe; imprevik@kigageomdisebén sucanaf or med

according to the turns ratio of the transforner L2, and according to the
timngs ONPlemENEEpm.iAdBotsicgRRIeX reomieer EHerRe ISP dACHECIAE Hon the BUPPIE he

cooncer UG, TR kDR oo SeLshoe out
25 waveforms simultaneously are described in U.S. Patent App. No. 12/838,419, filed on July
16, 2010, the disclosure of which is incorporated by reference.
As described above, because the stylus must both transmit and receive from a single
electrode, that electrode can see both large voltages and small currents. When transmitting,
to achieve acceptable signal-to-noise in the matrix’s receivers, a peak-to-peak voltage swing

30 around 100 V can be generated. When receiving, signals around a microamp can be
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S5that stray capacitance. That stray capacitance may be designed to be as
smal |l as practical, since the real power dissipated by this circuit, at

| east 0. 5WOWT2RBMA2g, can be proportional to that capaectrase@1/049534 When
transmtting, the high voltage AC is generated with a flyback transforner
L2. To produce an excitation voltage with frequency f = 1/ T, and assum ng a
SWi t ch dips9Lved:cPemetyPe s GosspikECiNg sWHCIPT GLECUR 1§ BREGSTbY thPfE’YIH%H@S. 5%T.

During tRhi A oe, .the: i 4T 4 Starting fromzero, ranps
up to a g@%ﬁ&?% a'r‘?glrlrlgﬁigpﬁ%crh?&gg?ﬁffd%’ég{g\gé%mﬂi, where Vdd is the supply
vol t age, typi EHb.14yshameundmBleXhentaridn bps cirérdt 4(0einpniantiveystylosfe ttanseittivhen t he
swtch opens, this stored enerqgy is delivered to the_ stray.capacitance
Cstray at8nelage pif re6Fivings s e g ipgle ekﬁ‘éapif'cﬁ e ivehis PR GH Sppa,

t he 5peakre\§8{c{rgﬁ% c%ﬁ%lgg % %@inﬁﬂﬂ @f@?ﬁlﬁ%b&%?‘)f&ﬁlid%%a{ngﬁto? 0 g%e%ﬁagﬁigﬁr op the

transforner 1 nducta I t he energf/ stored In the
ed

, S*Lpri
out put shassyfisapavimabemgleddo BeGssistay R Upla'®corkhternriohk cgpled 4m a geag node,

exponential ly.as Rpd*Cstra ere.that product should be.c n on .the
oo or e atiEeaRa P ubR i HERE SitdiEbolbbitingt [y fnct it T R sBMEY back
to zero gVeEMiesWsthehe $ddoRd Acd thiif terihdl QYT €ARISRE @B, GRPamkicansied Wihithe

pi cof arads, for exanple, and Rpd can be in the hundreds of 20kil ohns. The

t r ansf or peungnpdeangd the dist vandiag ebihe iensfarndrd-2h digriasiswisflingic thshenr i es, and

i i b d 1:7. i i
N T LN N L SR

produce gimaPPbOtkk MhEsteH0ar & svema wiing bf it teinodahetI® iskeugslestotd i deal
sine wave than the repeated exponentials produced with a resistor. 25Wen a

hi gh vol gyed nede@sl anasore of fiedePdc ¥y gthodeh digde dY; 1§ epunied foaipde gy be

pr ot ect g1 GESHIdThAREINAREDING bR AW 4 £ (it & wardist ANSL Q™) 1O

i sol ate tﬁle recerver 1 n transm o erw se, e recel ver fcuit |ClA
woul d cl ampidahef fuilbdown sesistir Rpdpdddageionaing apasitbt getimn. dBstpudydesvoby it .
That circuit is therefore disconnected using the transj r, n-FET Q. This
n- FET cafesiior Qpddies apgong tmﬁﬁ&eml © ar\é&lraﬂgrr}ﬁte@% Q’}fsffn %egﬂglg@a?i ng
greater }&ﬂﬂf%ﬁ?agﬁﬁ%ﬂégLés?%icﬁ%%‘m@&el&hEs £LiRek Q8 IapadRd d@hy koWeSt T ay

capaci tance I ncrease the Cstray, and thérefore decrease the
accept abgmuRpdodmioh Flfic # e dhe trahastoMl Bex 240804 kBRTNI ¢Spietid 049561ed Hgdl

pover SORSuR' A9tk A0F, FYSLEm AR LLAS LA Lol s hnRRher 012 2
node, WhiGhn PTREHGEfvRrting input 3 of the amplifier IC1A is coupled to voltage reference
20 VREF. The output terminal 1 of the amplifier IC1A is coupled to a first terminal of feedback
capacitor Cf and feedback resistor Rf, and the non-inverting terminal of the amplifier ICIA is
also coupled to a second terminal of the feedback capacitor Cf and feedback resistor Rf.
In FIG. 4, the transmit/receive circuit uses a battery voltage (e.g., approximately 3 V)
and generates a high voltage at ~100V (delivering tens of microamps of current at a
25 maximum), and a receiver can be placed on the same node. The receiver may be
disconnected, so that it does not affect the generated high voltage during transmission, and
the transmitter may be disconnected, so that it does not affect the received signal during
reception. The high voltage can be generated using a flyback circuit, similar to the flyback
circuit used to excite a cathode ray tube display, or used in a switchmode power supply. The
30 ﬂybéck circuit includes the transformer L2, which stores energy. Energy may flow into the

first or primary winding of L2, be stored as a magnetic field, within the core of 1.2, and then
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parasitic diode; but this diode is always reverse-biased, since the voltage
at the drain is always greater than the voltage at the source, which can
mean t hatwotzotbose7isot af fect the 5operation of the circectr/usyiandsssq
transmtting, the gate voltage of QL is held at 0 V, which puts a voltage
-VREF (wi_.th VREF around _0Q.5*Vvdd) on the gate, which turns the transistor
of f. WheHowewbpithggoreph f%&waﬁschn%sm%ng et %%&thja‘@ita%qm@j?e Thi s can
put a vo Sed) ; j ¥phns,d e Itdg@r}git Q. The
si gnal rrgé&?ﬁg% g% g?()erd (th!\izv}}lle(r)l['i1 glts'? ﬁle(g(?%geeFé\@rflgﬁ%e?ané%nped%nc arrlf)eiI ?[Pllr%r | C1A.
As such, of the aheliadetgialee Thereckegy Aowingtow dirvwghethe aevoidde vphdiogdf bhntdye gat e
of QL (e.gQ.,. ENABLE pi.n) so that the transist .S copndugting, and
behaves MPRns (hiFp GPidiine S shieogpiagronah b tihecton B S8Ry oliaRsatios®f ha
transi st gy @R C‘AFJEQiltaﬁcet. N8ait@9 8afdbitakR ML bl sinS @ RN BOA!BEAI1 ab Prattiball St
order, additional inpedances to ground at the inverting input of ICIA
woul d nosined thee¢al pheecdisspated bohis ¢icondf adedstihst Ceirny*NO2™*§ ean ke popartipeall
anplifie gith fi.nite gai n-bandw dth, this nmay not be the case. The 15
capaci t affck mé???ﬁgnﬁ%es not significantly affect the closed | oop transfer

function of tigehem@bnMRtRWAd KibeFoltdgRh daefknb@tedRiviea Bybicliniahbfoant: Ichynani c
effect; it would introduce a significant DC error if connected to ground,

but is cdnmeatuee an exaitaton pkegyREm fHequeney Gpaffpasd psAmingeywitdiglutnexsle el
avoj d this, i ssue, 1T rner [ : hpntroduce a
ool 1 came BB BB RRR S5 MRl GrPE Biafud (i hEIRE MR B L0 T,
hel d cl ogéndf@ngs Grtn®frotverd, ranps @F e priaag duhentwdllpage Vatl*0.6€T elagrhode i s

held at VREF > 0. This neans that the di ode isd{everse- bi.ased, ,whi ch neans
that it wheteaYdkisthesuplieraleeetyrically arpwih 1 Natnd kRinisiths Mimayadidattee. The

di i f : . f i 4 | |
same di O%’le‘ﬁliﬁlé heh&l teﬁ?,"ﬂﬁxggtoﬁezl éﬁ@%ﬁ/ Sl?ﬁeﬁ\n:?ed &ng}ﬁg}l?af)&&'ﬂaﬁee ¢EQradlat Eh‘é’ only

unidirectio curre rom-t tr orner sec nto the odtput
capaci t anatput @fittle flpbdckeliratie Ndptectieg diewesistbr Rpal tthapeaR5oltypanky be cdamilated

reduci ng, parts, count. In sone inplenentations, the ] a.variation in
t he'Sst r af)y ERFRER (AT ETasToIEy hihe éraﬁsqulfm%?@lﬁmﬁ?a%*i@gﬁﬁwqﬁow&ﬁ enerey
variati 05&4@3 ih & &ﬁﬁt&fsﬁg‘lﬁ@51{3%%03,@.5%y’5@p19‘2f tHelvoflSsd GRe6AN be made

with a sufficiently high voltage to achieve a desired signal to noise ratio
Wi t h t heespoghetitlype Rydb Cetraya pheiet thatqeodist skopd b ¢chosert onydnsame pridgr as tiegh

enough vol tage to.30cayse.a transi stor t reak down, eve tth the | owest
possi bl o ey bt SoHET I bRLRe S TR bRl S8 B EschiBned® o g
Cextra i gsfhfGanBe £apadiRnddiiate piroR@dda! fobxan¥ifle 208 R A3 b3 BCHe Uo3akdd 689534
with the stray capacitance Cstray. If the tolerance on this deliberate

capaci t akidehms Blest transfarmanpiimaty inductanse sy by/incdhp hudredscd migrobpnridsi andisss t he
otal caBiti Funca BOARLr or BPatbrRAL el SFEwIR A SHE e Stk BatB P,
sone i npkeesleal FIONs: bipokt Gatkitdr) UThid@ad pfddybagkappré:dniate, sqaume twaee, which

is closer to the desired ideal sine wave than the repeated exponentials produced with a

resistor.

25 When a high voltage is applied to the electrode, the receiver at ICIA may be

protected from destruction by opening the switch Q1 (e.g., a transistor) to isolate the receiver

in transmit mode. Otherwise, the receiver circuit IC1A would clamp the high transmit

voltage, and possibly be destroyed by it. That circuit is therefore disconnected using the

transistor, n-FET Q1. This n-FET can be chosen for a high voltage rating (i.e., a voltage

30 rating greater than the peak voltage seen at the electrode), and for low stray capacitance

(which would increase the Cstray, and therefore decrease the acceptable Rpd and increase the
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5swi t chnode power supply topol ogy may be used. FIG 5 shows a di agram
with an exanple of the voltage output of the receiver anplifier 510 versus
time 520.woheilzompus signal is a square wave input of 20@cCy/yseal/otsz3peak,
coupling to the receiver through a 100 if capacitance. For this exanple,

Rpd is 100 kChns, Cstray is 7 pF, C is 10 pF and Rf is 200 kOhns. The peak
vol t age 48 DOFEr eMSUDPHOR Bﬁ@e\%ﬂ@%@@%&?@?@tﬂﬁésg‘h}séra&%m %i}%a 1SCEd t he

| owest Vﬁt&a&g@l tgé%erQEa& 6 H HBHY n(\fd%: éo%ﬂ?ct%kﬁ%q{s%ﬁmcé%gdé,%ﬁ&%dﬁcjesQ V.

FIG 6 sho ragramwth an exanple o e voltage out put of the
t ransmi t pansid Giodey s shis divde G20waylsrevérsgp binsadp binegtheivelt@ze\gt tiesdraimyisi s 7 pF,

Rpd is 100 kOhns ri. (the induct f, the fi i ndi
t r ansf or ARYAYS gicates h%séhéjpntagg att %P‘ﬁgggﬁ(@u@} %ﬁ%&@éa(%‘%}l?tmeg%gggﬁ%%ﬁﬁ a%%ndi ng of
the gt r angEQuATE ofeR) chuid Oy REH wrghiding, he SASVBHERLOf\C! IsHRIERONE. {Hish b

rati o of approxi mately i ghest val ue he out put voltage

wavef or m 680ages VRSFUEVITUORBF azmud O Mddhves thevaald, adechangsitee wiysistor oot V.

Sone of e descr.i bed enbodi.nents..of the subj.ect tter and the rations
can be. | WRBHETABE VTGS § 4 TR e e P ic (TR o o el SRE"

sof t war eyRIER) WakEgat®wHieh S the trd@disied didi T sﬁ%ml filay HeefoRsdl §8b aped in
this specification and their structural &g};i val ents, or in conbinations of

one o ][ ntRceiviste ttansimpeRatrsdintatitics [OFA. ¢ Aa sedipjeibe opgiveemodesdrigibseltdgs cami s
eci fication i : i e.,
onePor ' b bR 08 el B I A AN RRE ! e AR o0 O BMBucte

st orage H@Bdlm&ﬂEl(ee%@@fttdimmt.bMe siﬁ‘éy tapachmiceg hotvieeerpper tatthanranfistotlaida
processi ng apparatus. Alterpnatively or in 25addition,.the program
i nst ruct AgHi @ﬁloéémme@@@ab%wswac‘rt@d-fTwérﬂtyr%ér?éﬁgwéal 1&@6%@\55% ©d signal ,

e 9. a ORGh RemORNREALAHDG! RGET AGd AR the Sloss] B6H HARGNEhLfor bana!

whi ch i s~generat e information for transmssion to suita
r ecei ver fappaaaicakarfdlifice vathufinierzabybanddadth, thiscosssatrbg tpae.albs. The dat a

progess! g Appat s e, T L0 uge LLe ReDaet, TR be BB oGl gror Y
30syst emapdé AmpBifiES Rpd Jor¥ nBEhRR alsi RHifiEAE 8BS effbdi AR SiBuld iBfrSduce@mponent s
and/or | ogic associated wth the sensor or the receivers and/or
t ransmi t signdicatrD@myrocidvbimeataddn gtdvad doft is gonnected to the same VREF as the
opamp’s non-inverting input to avoid this issue.
The transformer secondary inductance would introduce a significant error, but when
20 receiving, the voltage at the anode of L2 is held close to ground by the transformer, and the
voltage at the cathode is held at VREF > 0. This means that the diode is reverse-biased,
which means that it isolates the receive circuit from that transformer inductance. The same
diode is therefore used as part of the flyback circuit, to allow only unidirectional current from
the transformer secondary into the output capacitance, and to isolate the receiver from that
25 flyback circuit, reducing parts count.
In some implementations, there may be a variation in the stray capacitance Cstray of
2:1 or more, which could produce a variation in the peak generated voltage. So circuit
designs can be made with a sufficiently high voltage to achieve a desired signal to noise ratio
with the highest possible capacitance Cstray, without generating a high enough voltage to

30 cause a transistor to break down, even with the lowest possible Cstray. In some

implementations, a deliberate capacitance (e.g., Cextra in FIG. 4) can be added in parallel

22



WO 2012/ 030713PCT/ US2011/ 049534 conputer storage medi um can be, or be

i ncluded in, a conputer-readabl e storage device, a conputer-readable

st orage swbwrasezi3a random or serial access nmenory arr @gT@sS2@enuases or a
conbi nati on of one or nore of them Moreover, while a conputer storage

mediumis not a propagated signal, a conmputer storage nediumcan be gw
source obvithdhe stratapirTaRcc GOSNt &f ths telpranreash hisdelibaiiesanaciianesds etisy ¢

art 111 1 gl ¥r geRakALedcR0pa0a L 1B a{éaéffecimee&qag%a{e GHREA0R HEfLm can
al so be, or be included 1n,” one or nore separate physical conponehts or

medi a _(evgltagenbut_ﬁ%qmgﬁ_ir@hi _tcﬂlél&:klsac_it?qiceoar_hbuhe&fme gw@asm;gitcmbpov(\;er The
oper ati ons descri in this specifi.cation can i enent ed. as operations
per f or me BOTSYIRUHt g‘ P EPGRaog s BFteAd ﬁlsﬁlgtaa&élagﬁ@ﬂc%% apgthersy nor e

comput er i r cei ved from ot her sources.
3 sWRAAERN SRS glg{/p?%g)g,gﬁgkg&ia& ust€

Vari ous appar at uses, chines for processing data, may be used
as a "data pr bi@ssshoysappegranwsth an exahpll efghbyolivry ovfpuestipresctver

pr ogr ammabl rocessor,. a ter, a systemon a chi tiple ones,
D Son: AP f R 0GR RR R ek g Retdih e R Sasin P gL e

pur pose %@ﬂd Bouplling 4 tHereceved throddh £ PS&YH dapgdithnBs. ORUraneRABPIESRIGA B 180T ay) or

an ASI C (applicatron-specific integrated circuit). The apparatus can al so
i ncl ude, koﬁmad@mayomp ,Géwdﬂaﬁeqndgifdéw%@hmeg epeakrvobiage i fon the

' f h : j ' .
condt 1t uphevtiebe SaF PRy ol LSS £, BaSHRbhE ol yoriRBe bty o1

system a@h@@&;{}@bf(ﬁl@ BYSt evaut al .6 Vess-platformrunti me environnent, a
virtual machine, or a conbination of one or nore of them . The apparatus and

executi on 20l rowhesiie dasamendth seexpmplovisheveiage oripuE Bhive UG O
| nfrastr U&&{rx“% {fitle 6§6{C{i‘h@ﬁlgﬁ%lt%§é 30 z(r:rsptgabéi% ’7:8?“?{?&' iCOIBR ﬁ%%l%ﬂr I d

conputing infrastructure rogtam (al so as a
pr ogr am irslottaner &, thes fifst watidingpfthe cahifomer 32 ig00 v, [sedéhe o@nctarcevafithd en i n

any form of progranmm.ng | anguage,_  includjn onpi l ed or_jnterpreted
| anfuagesScone 4t aE P Té‘eéqan%g%‘?i@éq 1%@%3&%@??@%‘5@? %ﬁeﬁéﬁﬂgﬁﬁwd in
any 257 ofJg, df%ﬁg‘é')?hﬂﬁel?'s’liﬁ PhARGnat O8e E%?Sff‘tggb%uﬁ?olﬁagm%ﬁrm @pponent,

subroutine, o , or “other unft suitable use in a conputing
envi r onnmebdut 140 60 apditherlowesd gphagertedy is haut heédd not, correspond to a file in

a file system, A pragram can be stored in a.portion of file.that holds
ot her progr agg‘”@re Oég%éfé@g&ﬁa,eng’ﬁ fl%‘?n?srfb{rt. c %% ﬁ@ggﬁ%’l‘lé ePW%“‘}P&FE%Ee .

| anguage 4o KRRl In dighalel&td@lcifcbits, SR oaiptt: kofkAe, Mndgad Brinardkest i on,
or in multiple coordinated 30files (e.g., files that store one or nore

nodadl es, irclisling bgsuneures displosed iorikis spectleteipn apd Bsirptivettirah i alante.c ibe
20121 0307 ST T L1F 000 hER B i i Bep B R B e
acr oss Nmypdcifitfatios tirese iaiderh Mt SsHREE hite BYmpuEOfIBRAGALd. Oohenetvare k.
modules of computer program instructions, encoded on computer storage medium for
execution by, or to control the operation of, data processing apparatus. Alternatively or in
25 addition, the program instructions can be encoded on an artificially-generated propagated
signal, e.g., a machine-generated electrical, optical, or electromagnetic signal, which is
generated to encode information for transmission to suitable receiver apparatus for execution
by a data processing apparatus. The data processing apparatus may include the sensor, may
be part of the sensor, may be a part of a system with the sensor, may be integrated within the
30 system and/or sensor, may be part of receivers, transmitters, components and/or logic

associated with the sensor or the receivers and/or transmitters, or any combination thereof. A
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The processes and logic flows described in this specification can be
performed by one or nore progranmabl e processors executing one or nore
conput er woagrzass7io perform 5S5actions by operating on i mputUusdatasmsad
generating output. The processes and logic flows can al so be perforned by,
and apparatus can al so be inpl enente s,. speci al_ pur e logig circuitry,
e.g., an‘EPRCTPRRymSHiygt b@rebega&@_g%wagyoraput TR C@?Swra ¢ device, a

(appl i catd AN SPRGA{HICstbALE HRLEE, 'Efﬁrnﬁb'rht&r setil] A6GI$ AbmoPHht AR R1IRE, drhe
execution of a conputer programinclude, by way of 10exanpl'e, both general
and specta@hbipstigosferngior mepe otthsmoMorcave, whije @ oenputertoregpmedisssionst of any

kind of digital K conputer. nerally, .a processor Wil r.eceive instructions
and. dat aPEPBHIE FEAm- TP RO ERG B pao S o fHBRPT HBPHE The
ess@nt i ab 3l /MRREctRins 3nCARB Ut A arfiFiBiafly REAGERE Pfopalite®@SiEAA! ThBGoRBhEPONS i N
accordance wth instructions and one or nore nenory devices for storing

i nst r uct storege aredivdatan al@ebooabt included ompue er marq sepatatephysicalcdonhenctys obe
operatively. coupl elg.to cei ye data fromaqr .transfer data to, or both, one
or nore W&é?(\(gigd% %Plaeq}?scglgﬁ%&f O%‘te{)?tf)ﬁée g%\f“ée,sae. g., magnetic,

magnet o- opt i c@he Bpkisons Aes@Pkd GthiskpskiSicattdavsay e implegRARU e bpregshsnot have
such devices. Mreover, a conputer can be enbedded in another device, e.g

a nobi | eperéirasH die dasa prepessinglapprraiip an dats stosedion oqePmARore sompBter-ecadalle o or
vi deo pl r . Asol abl e storage device (e.g., a

uni@er sa?%%ggrg\(lg 6%&5%@6?&1??{%%@%%.6), to name just a few Devices

sui tabl e for ¥afousuppamupsd,eevipes gidimathisds focplooesingridtag atag beusédiben al |

fornms of non-volatile nenory, di a and nory devi ces, jncluding by way of
exanpl e S POSERIEAPPRBIST 3}“&]&5?& g Wag 0g exa R@WO@@P’W&)I% PRRHFSYssh menory

devi ces; t ' v B ' j SRR leSKS;
magnet o- (C)%tﬁ-‘?lggjl’ hg?’%ilgl;gﬁénﬁl%g %@égﬁé&@%ﬁ%ﬁ%@gﬂ%e progléggslgfre and the

25menor y agmntbecalipghdéamgrtiabplypesedogic noonipyy ag.ean FAGASfiekd mbgpmmpbse | ogi c
circuitry. To vide.for interaction w.th, ser, enbodi nents of the
SubfPect Wit cErY A NEd PRiceRP R a iedtepriosh TR et dioon
conput er ;RaeNS AdRoaRb BXrddaM, E8de 1BatSbreatds daiRkebiRhRAGROAANL FHRS cOhpkibD
(liquid crystal display) nonitor, for displaying information to the user

and a keptugsand imquestiorpeigatdode thabeonstitutes. pyocessor iismsvare e protoed stablald | by
which th er can 30provide input to the conputer. . Ki evi ces
can be ug%tggatsﬁ A fs%slteql’natneor%%atufl% AP (ggfjgé% F‘tf%ré% Ev]\u/e IF’!% e@gi?m%}%lﬂﬁ e

f eedback ypravindefing, or b RembERtioL aNoeoramdte bOTHIMOTT aats aDexecution

2012/ 030713PCT/ US2011/ 049534 feedback, e.g., visual feedback, auditory

f eedback enaronment pangreglivsaigsiens diffgeen eqruputinganedehnfigsiaictash sheh dewel ved in
o 0 R OF R e RERE D Bl SRR A e Tinger Tor
real A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled or
interpreted languages, declarative or procedural languages, and it can be deployed in any
25 form, including as a stand-alone program or as a module, component, subroutine, object, or
other unit suitable for use in a computing environment. A computer program may, but need
not, correspond to a file in a file system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program in question, or in multiple coordinated

30 files (e.g., files that store one or more modules, sub-programs, or portions of code). A

computer program can be deployed to be executed on one computer or on multiple computers
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estate. In addition, a conputer can interact with a user by sending
docunents to and 5 receiving docunents froma device that is used by the
user; forwexampise;13by sendi ng web pages to a web browsercorusaciuusessss client

device in response to requests received fromthe web browser. VWi | e
this specification contains r,nanE\g sgeci fic jnplenentation det %E}z t hese
shoul d nihat pe lecsieskat gag sifgson disHibuled asressoRuklting sifed pred wieregpest #i ons or of

what mycgﬁmﬁhﬁhﬁr&gne@gﬂ? 10r ather as descriptions of features specific to
particul ar enbodi nents of particular inventions. Certain features that are

descri bed i n tTheé groepses fridclagicdlowsrletdribed amthésx¢peaifficstapearaatbe perfoonkdigners can
al so be inplenented in conbination i.n a single enbodi nent. Convefsely,

vari ous P’é@?tﬁ@@gﬁaﬁﬁ?e{%&? RIOGRSSXS CHREYUNH ORh QT DI QRIPUEF PEOSLYRY 0P di ment

can gal 50,86k BplSERARE Bn ifpufth bitd SerfRPHROLIIBE STREHIEALE AhdQ6git MoARY
sui tabl eaés{ul:r)lco O?nati%nr.1 ﬂ%gwbr eovege, al't gt[}gﬂ featlﬁ?es nay begldegcri ?)rclad
above asalacbe pgrfommeaderyt andhapperaisran iabbndeamglesentedianj eeibl gurpdsgilegid as such,

one or nore.features cl ai ned nbi nati on can4i R, so cases .he
exci sed Pﬁr%rY’k?eg'cﬂh%é(ﬁgt%S ,prﬁméﬁcga& %%f)%ﬁ%‘?ﬁagﬁﬁeﬁaéﬂ?nbsgec g?ect ed
to a subgpehhiatirntor variation of a subconbination. Simlarly, while

operations are depicted in the drawings in a particular order, this
20shoul d not Beocassaeswitatld ferdhe expgitiomef & ¢rampueraiogspariaelpdh dy peaypdr f or med

in the partigul.ar. order . L.n.s i rder
11t - r Pl BORED 5O S Byl FRA GRS Ty Bhe S BbrcHebocsiors
certain ¢f &i5UBY andigial ool utdrasiehargllanchrpedssdrivell rggebedastiuegoneandaiata

advant ageous. Moreover, the separation of variqus Sﬁftem c,omonents in the
enbodi mefis! HEsdnHERCABHY ATRIAT A¢RSES HEMARIUoHy obheLssséigLrlFays el h

separat i g&gb&exaérla agjgé?c%géomisp%rfoﬁﬁ@g%ﬁ&nﬁﬁ%éoqdéﬁ%e upﬁgﬁ hRAbhd tonk e

descri be ogram conponent's an stens can genera e Integrate
t oget her niofe mesiongdeyissffommeninginsdiwtionoandpdatk a@etrallyt o computepival sled t war e

et | botnoeionr SarsBN RSP B4 UPENT AR SOBRISBr CeRe G oPnPRG 5! ai s
i 1 or enf oy S Sedea T R ey ek i R R R oo el
pr ocess edisiie pHowerkrj ncamputeiosodpairiavagudhi davices. Norenyer, asompster chtybg equi r e
the embedded in another device, e.g., a mobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, or a portable storage device (e.g., a universal
20 serial bus (USB) flash drive), to name just a few. Devices suitable for storing computer
program instructions and data include all forms of non-volatile memory, media and memory
devices, including by way of example semiconductor memory devices, e.g., EPROM,
EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or removable
disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor and the
25 memory can be supplemented by, or incorporated in, special purpose logic circuitry.

To provide for interaction with a user, embodiments of the subject matter described in
this specification can be implemented on a oomputer having a display device, e.g., a CRT
(cathode ray tube) or LCD (liquid crystal display) monitor, for displaying information to the
user and a keyboard and a pointing device, e.g., a mouse or a trackball, by which the user can

30 provide input to the computer. Other kinds of devices can be used to provide for interaction

with a user as well; for example, feedback provided to the user can be any form of sensory
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particul ar order shown, or sequential order, to achieve desirable results.
In certain inplenentations, nultitasking and parallel processing nay be
useful . Wietzoize3etiai med is: WO 2012/ 030713PCT/ US2011/ 0#e937%2@3AkdsBs VVhat i s
clainmed is: 51. A nmethod for using an active stylus to enabl e determ nation
of a two- dinensional posjtion of the Ective styl us r%%g%'ye t

) a
capaci t i fﬁéfil?%c‘?lgs Eﬁg'ﬁlrf,ee g apditary decd %ﬁ!&:P’E fagidle fesgbac : &Puhjggméhe
two- di mepgl anale f&é'%&inoatnngﬂﬂ,gﬁae&iﬁ GONfstiOWHBLnaS: tactllb iithut. AR TAMaRT
conduct or's arranged'ln Fows and a second arr y of conductors arranged in
col umms, fingat, folnexanplef dae igtetact/witls b ydueh shmen tminglaetcanr ayg@ing nfiscaesnirod

conponents, the 10method conprising: . recei vi,n first signal in the
not Tve. stgites T pbhiGE: A canErep s B chw i whes T Pl Bpt R 1

Meagur i NgaiyviodRRhmshts 8a B d&icE@as hiddy i U8a! for 8eRhME Dy Jefliink RRbCOl UMS;
using the neasured signal strengths to calculate a first position of the
active 1pageyltas wabbnygver b psiseriaxdlisniodevidedn mespense tofequags teapiared fiowethe ouch
sensor; transmtting the calculated first position of the active
stylus al'6RE™ P& first axis of the matrix of the capacitive touch sensor:

transm tting s/15RAPRApEdiGhdbn Lo@AINE ARinglspedlifiothep] ehedthitoroddtdietheée/shaldt 0 at
| east one of the rows of the matrix to indicate a second position of the

act i Xe shot hesconstoreg ag lipptagiertoeithg geapedt aph E1vealensPr ohiaplensy bhelaggdabyit i ve
tou sensor. ] i et :

oo SRR o SRR, R T B IR SRR ARS ARl RGnAAS

wher ei n Cheaiglfesieodat s deaeibed th thid dpecificitéonaa thevensixy bfiseparatt i s confi gur ed

to electrostatically couple with the capacitive touch sepnsor, and 25wherein
the el ectmbadimsnisicap alse Op JEPeMpnigd i combinptigingsinge ﬁagﬂﬁm@efei@éwaﬁel%

e %o TR L LA ORI Syt 10 1
t he secoimplsingniall in metigile¢migpdmeits sepasdtgipal i any&ﬂithldg agtdouisttiphus fr omgt he
Cap1a5C| t \ﬁoré&%ﬁgkﬁggg ° eat%?esSIXarg/Cbgr egci:n eed%b})\i/erraes al%ﬁﬁg in certain combinations and
even initially claimed as such, one or more features from a claimed combination can in some
cases be excised from the combination, and the claimed combination may be directed to a
subcombination or variation of a subcombination.
Similarly, while operations are depicted in the drawings in a particular order, this

20 should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. In certain circumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system components in the embodiments
described above should not be understood as requiring such separation in all embodiments,

25 and it should be understood that the described program components and systems can
generally be integrated together in a single software product or packaged into multiple
software products.

Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. In some cases, the actions recited

30 in the claims can be performed in a different order and still achieve desirable results. In

addition, the processes depicted in the accompanying figures do not necessarily require the
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of the active stylus with a tinme base of the capacitive touch sensor. WO
2012/ 030713PCT/ US2011/ 049534 3. The nethod of claim2, wherein the third

si gnal fowoymaizonai zation is received in the active stycwastémnowsbs a
comuni cation channel 54.The nethod of claim 3, mherein t he conmuni cati on
. channel conprlses a_wreless co catl ul.trasoni ¢ channe

an :
or an opPiésy lat g b wn, or seguentig Vegﬁ%ﬁ ezres elBFHE e
comuni cafdiefeaRChulia e{nggfa ef ﬂoE@é B \iBay e UsEANS Wilat jsaheatd: on
related t east one of ctive stylus or 10the capacitive touch
sensor. 6. The met hod of cIa|n12 wherein the third signal is received from
at least one colum in the first array of colums, wherein the third signa
is received in the active stylus through the el ectrode at | east at the one
colum. 15 7. The method of claim®6, wherein the third signal is received
froma pulse that is sinmultaneously transmtted on nmultiple colums in the
first array of colums. 208. The nethod of claim2, wherein the third signal
is received once per tinme frane. 9. The nethod of claim8, wherein the tine
frame conprises a tineslot allocated for the third signal to be received by
t he styl us.
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25 10. The method of claim8, wherein the tinme frame conprises a tinesl ot
allocated for each of the colums to transmt the first signal fromthe
capaci t i weotoreaizomensor. 3011. The net hod of claim8, wheceius2aihe4dssae franme
conprises a tineslot allocated for transmtting the cal culated first
position fromthe active stylus. WD 2012/ 030713PCT/ US2011/ 049534 12. The
met hod of claim8, wherein the tine figgﬁﬁgonprises a tinmeslot allocated
for each of nmultiple active styluses nsmt a respective first
position 13. The method of claim1, wherein the transnm ssion of the

! sktion fromthe active stylus is configured to occur
through , iiiicia + channel . 14. The nethod of claim 13, wherein the
conmmruni cat i on_channel n?rlses a wirel ess channel, an ultrasonic channel,
or &n optical chanﬁ*e‘lflet adTorgsingpa apiiyenvrupto rahieetermipatipr pha fres
transm ssi on Qﬂn&@%nglﬁogﬂll ﬁto‘?ﬁl el dctivd st ﬁ*élbt?x% F %a{ eatgﬁd &n?&ry Hére S
configured to occur tHhroug ectrost Ic coupling of th ectro t he
active styl ustlie@apekwtnrwtbmb@enmmaeh m(amdlmmahnetmfoftchmducmcorﬁigumdfasgur ed
to receive the _cal cul afed flrst ion fromthe 5e|ec£%ﬁge of the active
stylus. 16. TREHEHALAT ¢n BFt8¥Srﬁf Png BIEYR 202 S§OR afRE e UGPISAHANGL i ve
stylus are copfliguhid aﬁ@w%&wthé 'aEﬁUets%ﬂﬁ%lalﬁ e\mchladmci AdivE céﬁlﬁ&mssmeons
of other active styluses or colums utilizing nultiple orthogonal
wavief or ms. 20method comprising:

receiving a first signal in the active stylus from at least one of the columns in
the matrix;
measuring a signal strength of each first signal received from the columns;
using the measured signal strengths to calculate a first position of the active
15 stylus along a first axis of the matrix of the capacitive touch sensor;
transmitting the calculated first position of the active stylus along the first axis
of the matrix of the capacitive touch sensor;
transmitting a second signal from the electrode of the active stylus to at least
one of the rows of the matrix to indicate a second position of the active stylus along a
20 second axis of the matrix, wherein the capacitive touch sensor is configured to
determine the second position along the second axis of the matrix based on the
received second signal,
wherein the electrode is located within the active stylus and is configured to
electrostatically couple with the capacitive touch sensor, and
25 wherein the electrode of the active stylus is configured to both receive and

transmit signals.

2. The method of claim 1, further comprising, prior to receiving the first signal
in the active stylus or transmitting the second signal, receiving a third signal in
30 the active stylus from the capacitive touch sensor to synchronize a time base

of the active stylus with a time base of the capacitive touch sensor.
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17. The method of claim1, wherein the transm ssions of the active stylus
are configured to occur with nultiple transm ssions of other active

styl uses wo20md03oms utilizing sinultaneous multiple frequenssyeidiowisded
signals. 2518. The nethod of claim11, wherein the transm ssions of the
active stylus are configured to occur with nultiple transm ssions of other
active styluses or colums utilizing sinmultaneous nultiple code-divided
signals. 19. The nefhemedfoddf slaim 2, w%anetmféﬁ thighpena forgynehrenipsiontis ng t o

20121 030713PCT) Usobia b3 BER] M RG SR%eRla colfinBRLIT cbaell, o I, e

active stylus conprises: a switch coupled with the electrode that is

configured for nmultiplexing a relatively |arge voltage an.fc;!’I arelatively
small current 4 whed B¢ method of wlaia R, hereBhihe GOMENNICEHOY $hanael COMPEGESR vol t age
ont 0 the el ect rode g LRl S G0 Uhaf i Wr'eh il CHER R
fromthe electrode in a receiving m)ge; a recetver circuit for the
current that is coupled to the switch to receive at |east part of the
current through thehswetiold,ofcladm2f heleht cos@iunication shannelris Bodfigakedctor cui t
for the voltage that js coupled to the switch tq trans '#Wat,lea t part of
the vol t age thr ougkCeehve o& iyt informstion gelged & #tdenst oneR! the aqtiye sl er
coupled to the recgiMgh. sk smtter circuits; and an internal power
sohl@ce to provide gloev\cg?at(l) eat%{}%e%gt?&t he m crocontroller. 21. The net hod
of claim 20, wherein the mcrocontroller is configured to: conpute

coordi nate positio of the active stylu i.th.respect .to, the | pcations
150n the capaéi ti v@ﬁ? H{?E,l}?ﬁé)éﬁg’bm,zf g/?}a%}ne%g\ﬂucgygrpaig%@cg}s r‘@)‘?’afﬁ%és one
coordi nate positi opguihaid G s@Gtdy\eF cdlulddSwherein the third signal is received in the

active stylus through the electrode at least at the one column.

15
7. The method of claim 6, wherein the third signal is received from a pulse that
is simultaneously transmitted on multiple columns in the first array of
columns.
20 8. The method of claim 2, wherein the third signal is received once per time
frame.
9. The method of claim 8, wherein the time frame comprises a timeslot allocated
for the third signal to be received by the stylus.
25
10.  The method of claim 8, wherein the time frame comprises a timeslot allocated
for each of the columns to transmit the first signal from the capacitive touch
sensor.
30 11.  The method of claim 8, wherein the time frame comprises a timeslot allocated

for transmitting the calculated first position from the active stylus.
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22. The nethod of claim 21, wherein the mcrocontroller is further
configured to interpolate to conpute the coordi nate positions of the active
stylus. 2802012/03023. The nethod of claim 20, wherein thecaaisbme/0s454 us
further conprises a comruni cati on channel, wherein the comrunication

channel conprises a wireless channel, an_ ultrasonic channel, or an o%tical
channel 2524. The méhawthed of cleimSpwhergindhe timetirang ¢anarrvss a gairelet dinsricd

compr [ ses @ batt e yorQciPSHARRRINARL Lol AT G ABLIBRAL b BY. whereln

the current is on the or one m ernt tage is on
t he order of one hundred volts. 30 WD 2012/030713PCT/US2011/ 049534 26. The

met hod of claim 1, TWhsiediod of BRiradt iWherest ik tangeiRFIoh 6£tha chlcplateddirsti S
configured to interact with the matrix of the capacitive touch sensor,

wheBein the tip of Pesigonstrgmihe acbiypsiyiusds gorfgueed e ogewthioyeh ar ovi ding a

measur enent of forgﬁp&mgg imf@ﬁn@ﬁylus' 527. A nethod for using a capacitive
touch sensor to enable determ nation of a two-dinensional position of an

active stylus with respect to the capacitive touch sensor, where the .

capacitive touch sensor has a two-di pensional matri x of conductars

configured asla fi?gfnﬁﬁwgffﬁknﬁéﬁdw @E¥§ﬁ%FW8ﬁﬁ€Ha@%l@@R@géﬂﬁmﬁﬁ§ébond

array of conduct Or%i@fegé&ﬁ%ﬂel'ﬁhﬁlﬁhm%}ﬁﬁga YNl Hikthehafid ve stylus has an
e netho

el ectrode and active conmponents, t 10conpri si ng: transmtting
a fiorst signal fromat |east one of the colums in the matrix to the active

stylus for indpcati a.first position.o he act.ive,.stylu I a first
axis of the rrgh i xlrggmte%)dé’zﬁgg'flt P Ve f’rteghti‘ﬁ%@%%%??n P%@S%@]lcﬁﬁ%g%g%cond
signal fromthe el ggdifigifiBomfthd AgivaGtylnkas 8o gisedb RO& tRfouBRERctrostatic
coupling of the electrode of the active stylus to the matrix, wherein at least
one of the rows is configured to receive the calculated first position from the

15 electrode of the active stylus.

16.  The method of claim 1, wherein the transmissions of the active stylus are
configured to occur simultaneously with multiple transmissions of other active
styluses or columns utilizing multiple orthogonal waveforms.

20

17.  The method of claim 1, wherein the transmissions of the active stylus are

configured to occur with multiple transmissions of other active styluses or

columns utilizing simultaneous multiple frequency-divided signals.
25 18.  The method of claim 1, wherein the transmissions of the active stylus are
configured to occur with multiple transmissions of other active styluses or

columns utilizing simultaneous multiple code-divided signals.

19.  The method of claim 1, further comprising interpolating to compute the first

30 and second positions of the active stylus.
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150f the rows of the matrix to indicate a second position of the active
stylus along a second axis of the matrix, wherein the capacitive touch
sensor i swoanfaogoried to determ ne the second position alpomgistéie/osessond axi s
of the matri x based on the received second signal, and

wherein the ca aC| ve to ensor _is,confi to electrostatically
coupl e 20wi t h? gb%&?#&’gé’qlcg&rﬁtleﬁ’hﬁe% fi 2t ‘@%@P‘? A us . 28. The
method of claim 27asw5ﬁ5@f 1&10&;\7%{h%'epéltro%{hgflstcgnﬁétﬁ%fﬂrtrﬁdlﬂﬂehﬂg af i T st
signal or receiving the se signal, transmtting a th signal to the

active styl usrdlatomiyt laegeomitagd aridverctatively ssmiiurrentpwhgreohthoswiteh & ti e base

of the active st a.tinme se of the 2 aC| ive .touch sens

29. The net hofP guéqdaﬁmﬁ%rﬁ%gml Oitagfh%ntf’ Pi%‘%‘?i“%%ﬁé%? a rgns[n}lg%gqﬁntoﬁ%dm rom at
| eagt one col wWMeddih Qcﬁﬂrérﬁtﬁ‘o@{ iR¥%1Rfro8OIntMecit Pgth®leact i ve stylus through
the el ectrode. 3030. The nethod of claim 28, V\/nerelnthethlrd signal is

transmitted wth aapesesisr eineit fpsﬂf@lCﬁﬂﬁ@@h@d&wl&plqdrtaﬁhﬁﬁwltfé’doW(‘Gmerﬁy leatpl e
colums in the fifrst r 713PCT/ US2011/ 049534
of bl B e et Wik, ol f LR

31. The net hodP8t° signal”’ is transmtted once per

time franme. 532. The uarédioe:r cifcurl fat e IdltaghtBitel Boupheal toith@switchite teasmitases a
tinmeslot allocated for the third signal to be transmtted to the stylus.

33. The net hotragifpaey ofiths witagaHepeghibe pwiteh, @étofthéﬁlé"’féﬂ?prl ses a tinmesl ot

al | gcated for each %{m}o@&lg&ﬂ&m@%&ﬁ%ﬁ%% O{ frglfshﬁt%ér%?@hu L the

capacitive touch sénsor clarm erein the
time frame conpri sesimerhilisledtomtd @oabede b@WeIeta(ahleait theinidrpdoatraliei ve
styluses to transmt a second signal used to determ ne that stylus's
position along the second axis.

21.  The method of claim 20, wherein the microcontroller is configured to:
compute coordinate positions of the active stylus with respect to the locations
15 on the capacitive touch sensor, and

report at least some of the coordinate positions from the active stylus.

22.  The method of claim 21, wherein the microcontroller is further configured to
interpolate to compute the coordinate positions of the active stylus.
20
23.  The method of claim 20, wherein the active stylus further comprises a
communication channel, wherein the communication channel comprises a wireless channel,

an ultrasonic channel, or an optical channel.

25 24.  The method of claim 20, wherein the internal power source comprises a

battery or a supercapacitor.
25.  The method of claim 20, wherein the current is on the order of one microamp,

and wherein the voltage is on the order of one hundred volts.

30
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1535. The nethod of claim 27, the nethod further conprising receiving a
calcul ated first position of the active stylus along the first axis of the
matri x ofwoheixmpagi ti ve touch sensor, wherein the receperiug2afi/ otdses
calculated first position fromthe active stylus is configured to occur

through el ectrostatic coupling, of the electrode of the active stylus to the
matrix, whereth at Themsthogedc %fmtlhefh?r@WsthF actpsr ity B ueptss artpdatie the

cal cul at gdhefdf 1o RASIL Qtn ARNAAM LR BeRL R AABAAT sl ARLENANSTX

36. An ac yl'us configured to operate vvlt a capacitive to sensor,
t he acti wtglsympssesanfordesemgr for providing a meaamresleatdfrforte tlmcmghltb;wtehist o both
receive and transmt signals, and configured to 25el ectrostatically couple
with the capacitive touch sensor; a switch, coupled with the

el egt rode, thg? 'SACrﬁ&Bbtgﬂfr%gm%% &y&&ﬁ\m teﬁcr@seh%r% bﬂ@&e/détehgﬁatml&fage and a
relatively small current, wherein the switch is configured to transmt a

vol t age two- {lineensiogalt pastiniof aaattrvarsssdussmtbmsmm tl@n‘dpacdl\reeoeqh/@n@rcur rent
fromthe cirode .i.n cei vi Ooneans ving cprrent from
he' el echiBtds mraeRe Fuel ST alia diseotpan it phEOb A kT hs
coupl ed § rQ@ughy bheorbothurtafgdd i@ 81§ ahd #9&ond Wy of conductors arranged in
2012/ 030713PCT/ US2011/ 049534 a m crocontrol l er coupled to the receiver and

t he t r ansotimnarand iwheis the agfive séﬁdn:‘r hagunedeetiodelsrdaativacomponeatss thegneherbsi t i on
éhe ac(gl Ve 1styl us with respect to locations on the capacitive touch

sen S AN nt er nal power source to provide power to at |east the

m crocontroller. Stransmitting 4 firfhgra fromeat 3¢apt ot dfthetdintmSin, thmhetrem thdre

m crocontroller is configured to: conpute coordinate positions of the
active styl usawthxl‘éssﬁ%&dlqaang adiryt positipn A5 he et HeStelap alope AYBStAS T eensor |

and r eport at ﬂaﬁﬁ?&ftﬁ@%a‘é’ﬁw& %Cﬁga{sgf nate positions fromthe active

styl us.
receiving a second signal from the electrode of the active stylus at one or more

15 of the rows of the matrix to indicate a second position of the active stylus along a
second axis of the matrix, wherein the capacitive touch sensor is configured to
determine the second position along the second axis of the matrix based on the
received second signal, and

wherein the capacitive touch sensor is configured to electrostatically couple

20 with the electrode located within the active stylus.

28.  The method of claim 27, further comprising, prior to transmitting the first
signal or receiving the second signal, transmitting a third signal to the active stylus from the
capacitive touch sensor to synchronize a time base of the active stylus with a time base of the

25 capacitive touch sensor.

29.  The method of claim 28, wherein the third signal is transmitted from at least

one column in the first array of columns to the active stylus through the electrode.

30 30.  The method of claim 28, wherein the third signal is transmitted with a pulse

that is simultaneously transmitted from multiple columns in the first array of columns.
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38. The active stylus of claim 36, wherein the mcrocontroller is further
configured to interpol ate when conputing the coordinate positions of the
active stwbus12/030713 39. The active stylus of claim 36, petrarsesin/oudses acti ve
stylus further conprises a 15comuni cation channel, wherein the

comuni cati on channel conprises a wireless channel, an ultrasoni c channel,

or an optical channel. 40. The active stylus of claim 36, wherein the
i nternal powegqsou r
The active stylus. opt FEPRILEEia0 ShEERACA SHAFLIARGEIfBlonedthr ime o

m cr oanpfra@ad wherein the voltage is on the order of one hundred volts.
42. An active stylus configured to operate with a capacitive touch sensor,

t he 25active stylus conprising: an el ectrode configured to both
recgive and tgansmg, ﬁie%a'o%claﬁﬂ%c\seﬂére&%@fimwm% p&gw&hﬁ@hw coupl e
with the capacitive touch sensor swtch, coupled wt

el ect r odalocatedtfor the ¢lord slgmamﬂbcttuanmhtttecbﬂoehe styluel ativel y large voltage and a
relatively small current, wherein the switch is configured to transmt a
voltage 30to the electrode in a transm ssion node, and to receive a current

fromthe el ecss odeThdnRtHoAGECMING 1 WHGein MOiRQ Fan(3QA3RE ad0dd/ 049534 a

receiver circuit for receiving current fromthe el ectrode through the

swi t ch; allocated for eash of theaolunmsdaitangnait therfapistignal frag the Fapagiive hauchisensebupl ed
thr%ugh the switch to the el ectrode; a mcrocontroller coupled to
the'®recei ver and the transmitter circuits and configured 5to determ ne at

| east one posB4i onThé¢ nictiRdELiak 33! Whetsinwhé HmedRRRCloniRistOL dineglos on t he
allocated for each of multiple active styluses to transmit a second signal used to determine

that stylus’s position along the second axis.

15 35.  The method of claim 27, the method further comprising receiving a calculated
first position of the active stylus along the first axis of the matrix of the capabitive touch
sensor, wherein the receiving of the calculated first position from the active stylus is
configured to occur through electrostatic coupling of the electrode of the active stylus to the
matrix, wherein at least one of the rows is configured to receive the calculated first position

20 from the electrode of the active stylus.

36. An active stylus configured to operate with a capacitive touch sensor, the active
stylus comprising:
an electrode configured to both receive and transmit signals, and configured to .
25 electrostatically couple with the capacitive touch sensor;
a switch, coupled with the electrode, that is configured to multiplex a relatively large
voltage and a relatively small current, wherein the switch is configured to transmit a voltage
to the electrode in a transmission mode, and to receive a current from the electrode in a
receiving mode;
30 means for receiving current from the electrode through the switch, and for

transmitting voltage that is coupled through the switch to the electrode;
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capacitive touch sensor; and an internal power source to provide power to
at least the mcrocontroller. 43. A capacitive touch sensor configured to
enabl e devermasbiien of a two- 10di mensi onal position ofPcamsaetiiovs3st yl us
with respect to the capacitive touch sensor, where the active stylus has an

el ectrode and active conponents, the capacitive touch sensor conprising: a
t wo- di mensi onaMigREBELISE cupirgiie thrscawrang dhedgrnsputicy clrgys and copfigyredyr r ay

of  condug! rdnfd ANGRLoAhsRI or MARAOG RIS lpccPRAbEhBRS R Hanged n

colums; 1btransmtters coupled to t array of conductors, the
transm t tapasitivetowghceanbi;guded to transmt a first signal fromat |east one
of the columms jn tqe matrix to the active stylus for indicating a first
position of tAEIERRROWEF yoice tQiaydepeyerdp ablepst the migrocontiollery of ¢ he
capacitive touch sensor; and receivers coupled to the first array of
conductors, the receivers being 20 configured to receive a second signal
fromthe el ecBT.odeTbé adtive stytts ofelamdo) sheteintihe nueropontewllef istdesfigeed tof t he

matrix to indicate. a second ition of the actiyv tyl us. al ong a second
axi s of CHBPYAEPTINAEREREoRS Ot the wetlisatyps vah foswest fe Medretions BRI gur ed to
deternin&mhaﬁyggﬁgﬁgmggﬁbhaon 25al ong the second axis of the matrix based
on the received second signal, and the capacitive touch sensor is

confi gured t orepbget leasitsamievahocoprlimdte poditionstiinam dlesstivogelusocat ed wi t hin
thq active stylus. 44. A capacitive touch sensor configured to enable
det@rnination of a two- 30di nensi onal position of an active stylus with
respect to theggcapafé hdtMe stydukCdT csaMS®, whehRe! e inkierocontroller is further

configured to interpolate when computing the coordinate positions of the active stylus.

39.  The active stylus of claim 36, wherein the active stylus further comprises a
15 communication channel, wherein the communication channel comprises a wireless channel,

an ultrasonic channel, or an optical channel.

40. The active stylus of claim 36, wherein the internal power source comprises a
battery or a supercapacitor.
20
41.  The active stylus of claim 36, wherein the current is on the order of one

microamp, and wherein the voltage is on the order of one hundred volts.

42,  Anactive stylus configured to operate with a capacitive touch sensor, the
25 active stylus comprising:
an electrode configured to both receive and transmit signals, and configured to
electrostatically couple with the capacitive touch sensor;
a switch, coupled with the electrode, that is configured to multiplex a relatively large
voltage and a relatively small current, wherein the switch is configured to transmit a voltage
30 to the electrode in a transmission mode, and to receive a current from the electrode in a

receiving mode;
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active stylus has an el ectrode and active conponents, the capacitive touch
sensor conprising: a two-dinensional matrix of conductors configured to
i ncl ude: wofwraoasray of conductors arranged in rows; aCsasendozrssay of
conductors arranged in columms; and neans for transmtting a first signal
fromat |east one of the colunns in the 5matrix to the active, stylus for
i ndi cating a PF§tVepeissut fghreseivingesusent f&(gnngleeyqla‘gm&? &H@uéﬂﬁaer%d&xi s of the

matrix of theag@gﬁg&} éﬁf‘c_uﬁt%lct?@rﬁﬁﬁ't‘ﬁﬁ voRit th&GEENIPNG Brot@h v lRGkhe F oM

the_ el _ectrode active s us atr one or nore of the'rows of the matrix
to i ndi caeetralesecond position of the active stylus along a second axis of
the matri x, wher.ein: t citive .touc ensor .is confi red

10t h t
et e ne i hen SHEBRLET Srirds dher e inl oS TRt AdleEhesded on

the gr ece{VeferafcONdeat 8RADositRADS the activé BSIEARALIEpEIOlIOHFINSBRABRT 1S
configured to electrostatically couple with the electrode |ocated within
t he act i vapasitiyk taich sgnsor; and

an internal power source to provide power to at least the microcontroller.

43, A capacitive touch sensor configured to enable determination of a two-
10 dimensional position of an active stylus with respect to the capacitive touch sensor, where the
active stylus has an electrode and active components, the capacitive touch sensor comprising:
a two-dimensional matrix of conductors configured to include:
a first array of conductors arranged in rows;
a second array of conductors arranged in columns;

15 transmitters coupled to the second array of conductors, the transmitters being
configured to transmit a first signal from at least one of the columns in the matrix to
the active stylus for indicating a first position of the active stylus along a first axis of
the matrix of the capacitive touch sensor; and

receivers coupled to the first array of conductors, the receivers being

20 coﬁﬁgured to receive a second signal from the electrode of the active stylus at one or
more of the rows of the matrix to indicate a second position of the active stylus along
a second axis of the matrix,
wherein:

the capacitive touch sensor is configured to determine the second position
25 along the second axis of the matrix based on the received second signal, and
the capacitive touch sensor is configured to electrostatically couple with the

electrode located within the active stylus.

44, A capacitive touch sensor configured to enable determination of a two-
30 dimensional position of an active stylus with respect to the capacitive touch sensor, where the

active stylus has an electrode and active components, the capacitive touch sensor comprising:
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a two-dimensional matrix of conductors configured to include:

a first array of conductors arranged in rows;

a second array of conductors arranged in columns; and

means for transmitting a first signal from at least one of the columns in the

5 matrix to the active stylus for indicating a first position of the active stylus along a
first axis of the matrix of the capacitive touch sensor, and receiving a second signal
from the electrode of the active stylus at one or more of the rows of the matrix to
indicate a second position of the active stylus along a second axis of the matrix,
wherein:
10 the capacitive touch sensor is configured to determine the second position

along the second axis of the matrix based on the received second signal, and

the capacitive touch sensor is configured to electrostatically couple with the

electrode located within the active stylus.
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