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30 " Another approach to providing touch or pen-based screens is to use a bundle of fiber optic
cables, a liquid crystal display (I.CD) as a controllable mask, and a multiplexing scheme. Such
an approach is described in U.S. Patent No. 5,196,836. Here, although only a single light
emitter is used, the spreading of the light output from the fiber optic cables is severe such that

- controllable LCD masks are needed to sequentially isolate light output from only one fiber optic

35 cable atatime. The reception of the light from an isolated fiber optic cable is also isolated on the

reception side. Given this arrangement, the system has to scan throngh each of the fiber optic
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30 As an input device for an electronic device another embodiment of the invention includes:
at least one light source; a light detector to detect light intensity at a plurality of light detecting
elements; and a lithographically defined waveguide structure including a plurality of waveguides.
The light source couples light into a first set of the waveguides of the waveguide structure and the
waveguide structure produces a grid of light beams from the light coupling into the waveguides.

35  The grid of light beams traverse an input area and are then directed to the light detector by a
second set of the waveguides of the waveguide structure.
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The present invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerals designate like
structural elements, and in which:

25 FIG. 1 is a block diagram of an input position detection system according to an
embodiment of the invention; '
FIG. 2 is a diagram of a computer system;
FIG. 3 is a diagram of an input device according to an embodiment of the invention;

FIG. 4 is a schematic diagram of an input device according to an.embodiment of the
30 invention;
FIG. 5 illustrates a schematic diagram of a waveguide arrangement according to an
embodiment of the invention;

FIGs. 6A and 6B are cross-sectional diagrams of the waveguides illustrated in FIG. 5;

FIG. 6C is a diagram illustrating a structural construction for a waveguide section
35  according to an embodiment of the invention; )



5 according to another enbodiment of the invention; FIG 7A is a di agrafn
illustrating optical coupling of light into a waveguide; FIG 7B is a

diagramillustrating optical coupling of a waveguide to a receiver; FIG 7C
is a bl ock Wi 8840884 of an ASIC | ayout for inplenenting a receiRCI/USIBNANE NY
to an enbodi nent of the invention; 10 FIG 8 is a flow di agram of

initialization 0 ' ﬁ""%'fﬁ‘f‘ﬂi %Hrﬁaﬁ&h Wm ma¥in | b Ylustrate

9 is a flowdi alggéﬁ?g ,h? resho °g %Blis* n pr,oceslsgllt ng a%?%r%@nég to an &
enbodi mentn FiG8eaccaiding tonme embodiment of e invenligh:i agr am of shadow det ect i on
processi ng acc I pg.tosan enpodinent 15 of the invention; FIGs. 10B and
10C are di agraﬁégrgﬂ&%?%ﬂaﬁg‘jﬁé‘%gé’é‘@w%%det ection processing
according to a ' ' l.00; .

schematic dia gﬁsngfﬁ Ju@{’k?'a W%F@éﬁé%“‘ﬁ?‘%@%‘i@%@g g@?ﬂg{l%s%m
waveguﬁdequgmgmgmtlaersmbeémqngotihemvenmxght transmitted froma wavegui de;

and 20 F1 Gs, (12A- 12D are schemqtic diagrans of input devices
accordi ng to otffi€ 78is3diagEm W@PW@H\‘P@&&B@TS@WMPTI ON OF

THE | NVENTI ON Lgventi on relates to.a.user.input devi.ce for an

ol ot roni ¢ devita: PR = femBuShe B B line ok ASAYER AR A RIREYeE g1 0 o
light. The gri f ol ' 2895‘ gg?: - : .nﬂﬂ ?e@wk{! q8_sc . '
direct the tra%%ggil%%{)%)h%d% cep?ﬁ’é’n 0 P’?gﬁ?.ﬁﬁ@;{]ﬁ%a \;y:wop &g nr%@@{t)% '
used to emngmbodimeat offbe inventionst t he user input device. The user input
device is particularly _suited for, yse, as a user, i nput device for _a conputer
systertfor the 8 in fow dingram of jnitalization Ereessing abcor pg tQanerabadimens ofithe,
reference ihvenfibis. 1- 12D. 30 However, those skilled in the art wll
readily appreciate that the detail ed description given herein with respect
to. these figur 4G 9 i§ aflow didgramiod thregholdadjustment provessing/ancording toancemhodiment

beyond th dihWnkigf: enbodi ments. 4. WO 98/ 40844
PCT/ US98/ 8’33633 Flng L is a block diagramof an input position detection

system 100 accpIdi. 1A 9a Flowelidpestn OE Shadow! deectibl Prfck g abbérdingRtlan RAfbokirRsht
det ect i on ﬁqs?t.em 00 includes a light source 102 that directs light to
vvavegdisdes? nv 8“’\/\/avegui des 104 redirect-the incoming light into a

108 1o whvogul dace s iGart Mher e il o Aple0 7 o Babl ARBRLOR pARPATERL °

107 to a |aceprdingde an ¢rpodimentof the igNentioBans 114. The |ight receiver 112 then
det er m nes whether ezigh (ﬂ he |j ght, beans 1#4] th,atgihe Ii‘%gt r.ec?i ver 112
receives is "o r 1 1A, a0 TE§C G diagrams Hipsiratiog placgmept of a1CHIRASy | i ght
for each qiroxitnatel to Wavegddesto fritigatd sprealing oftthelighit eiatisrhictad frof¥bwhavephide; and

bl ocked (e.g., by user input) while being directed
20 FIGs. 12A-12D are schematic diagrams of input devices according to other embodiments

of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention relates to a user input device for an electronic device that provides
25  positional information using a grid of light. The grid of light is produced and processed using
’ waveguides that direct the transmission and reception of light. Optionally, optics may be used to
enhance the operation of the user input device. The user input device is particularly suited for use
as a user input device for a computer system or the like.

Embodiments of the invention are discussed below with reference to FIGs. 1-12D.

30  However, those skilled in the art will readily appreciate that the detailed description given herein

with respect to these figures is for explanatory purposes as the invention extends beyond these
limited embodiments.



10 across the transm ssion rredla 108 are identified as "off" |ight beans
by the tight receiver 112. A user's finger (touch input) or a stylus

(pen-based ywoideispsdd! ‘ocks one or nore of the |ight beans 106 fr é‘?segg&@ogg
both the wavegw des 110 and the light receiver 112. The part|

mor e of the Ii t beans 106 bei ng bl ocked t hus chVi des a 05|t|on of the
~user's input wi ie%@bbpksi@grmomgmummnﬂs tiomsystame 190 agrordingtp-any

%gd (eteer meﬁﬁlégfnlﬁ‘é:ﬁbf ﬂ\‘réedéﬁﬁﬁbh OTh&Mnphit ped Cdeteééon §y&:&ﬁl €00 in%ﬁﬂﬁ% 85 gelﬁ%oﬁﬁdl a
Lot T 103 e afitess RS0 e eiahaes 1040 Thd el Gario rodiRee the skt R i o

of the us urslmymﬂirghtMsmﬂélmatamdlmctedmntossma'ansmmdnnmdiamstewegmdﬂ(llo
i ngl y

T 8 o TheyiRERacs Pid s eOLek IRt (hfie 107 o4 iMiHborbVer 118 ad

| enses llﬁlér a'hgbghqrneandmm«femumwé@ﬁxetm |of ¢he: light heams bl té@trtg%bghthe

20 transgiGierN19Rdefved 8'0h PR P’ BaB&l S SPRENSIEINEIMTIRE Resivdd Rght ForathBEt

position cet ectlon Sﬁ%em 100 may al so include I'enses 118 at the receive
side (i.e ‘0 the input of the waveguide 110). The |enses 118

direct the i | b di rect th

nto the ?esggﬁh%éaﬁﬁvﬁgh{‘%ﬁ@ it B B35 G M RO FuG R gicted
sys ': 2 g? g 0 ?ugzoizglemm;mn syl gﬁ&ﬁe 1d2t@1’ﬁedzzs % ’rl@%%ﬁn:&ﬁ: bghqmﬂmversm 2t dm
Sul R ullt' jr a f ) e b ams
oo e G i e Y
devi ce 20§nors of &1t Beatdd) 106 6king Blotked thes o vueﬁa ﬁgsleon offhe 669r’ sdnpht Withe
cormut e <L Ll i | Bl e §afp el g loecigt Vit Fpet
manuf a6t une mdenmsmmedla 108 ée.g o display iscieen)s iGops&fi@ntly,theighe or meie!lizh beams
shown) . Thg M%ﬁé&xv@ﬁ‘li BéemBhel bdd “BF7 irﬁi‘i’ca@s%h@é ositith &QH@%%?E K?ﬁit em

200 enabl e a us rovide user 1nput to the conputer system 2

D][ e?/l Oﬁfl %/hn?t edptxdd&ﬂy'tﬂ&ﬁfﬁxt?@sﬂt?&{d&édﬂignts télﬂlbOEthﬁéMﬂ&l%nEl?ﬁ%(@Q, ) h%eﬁ'
of i a use ect.roni c_device syc ut er |

2o ong entiral Ao b SRR 5 PRORORR A hel puliies B¢ 8 Wivegiige §64, ' "
screen ar Rxefefably; the lensedil36 heecollimating lmhatrdxteeﬁﬂlehghthmlpéacrpssahal ,
por t1 63 24fnhidhiof i 16 ol ddihe RAFediB Wadbiiuidtindd. i § BENIGH Eeckf,

Pref erabl vy, e 1 nput device extend “over or € SCreen area
214. Al tersygpw@Ognaxﬂgo include\gnsess} 18t Ahe receive side (i.e., proxxmatetothe input of the

PCT/ US98/ Qﬁaegumepm) dFHei I6ises Q8 dirdtst theRikhe bétingiesibg dirdcked dbfost i traimebgionc e

. 208. A user rOVLde user.Jd npyl to the conputer system 200 by
I nterrupt mai‘%é&%)gﬁ?‘ﬁb’ﬁ P°8‘h‘é°‘8? of Ilght produced by the |nput

devi ce. Hence,

SCreens . or pen-ﬁ?:lgelgggica g%ﬁr(]bﬁﬁcbx;;:émt%ﬁ%‘ﬁpﬁ I{')\dl’}llﬁln‘i gfyorma IOI’I tO th
conputZsr JyRFeseRtative cpwpmwssmmy for hogtips amm!t é&m@ acgorging tedhe invention.
enbodi rrent'mefco wrnystéﬁﬂzoo inchildes AlRUnpHRY héRinE 202 mm diive 204tamgaal

Accor di ng TRBBY AEF A6 he RoRBusf St A i nciuded 818% 280, KebiFg 210
di spl ay s@ndarpointingsieyided(eg, mouse) 212.cThe caroputer systeut Zﬁmﬁhsmated:udﬂﬁ Bds ao
the i nventdeQitof 88mphtsPsyenPindefith Meispidyf dedfe 208 i idrmiallfa sEhatitb Iicle of
30  manufacture that couples to the computer housing 202 through a cable (not shown). The
keyboard 210 and the pointing device 212 of the computer system 200 enable a user to provide
user input to the computer system 200.

As previously noted, the invention pertains to an input device based on a grid of light that
~ isused by an electronic device such as a computer. According to one embodiment of the
35 . invention, an input device is placed over a screen area 214 of the display device 208 and affixes
to a peripheral portion 216 of the display device 208 that surrounds the screen area 214.
Preferably, the input device does not extend over or block the screen area 214. Alternatively, the
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pl ace in a varFi& B ioa disgysn ofan inputadevice 300 aecordipg to airembiiment! of thecinvention.

o 1 he perteRARits sp0) i Mcfrangllaf i i £ e 02 BMERH 00 LHAEC

devi ce 30ude 306, anda topsside 308 ApwoPf %ﬂ%ﬂwrm dewire|30Gproduges nemeENsent s

-CD

of the i it Omaﬁmnaradﬁkmlwphﬁékmss  Hiciipur d9cb 800 RoSTvMeRohs bl he
dev B gwﬁ?ﬁ'es gl R apsSesied g Bl e 60 et b %@H\sﬁ{ et
¥ B B ),

a subass chebing thidételinnige & pesitonap raferance foany beer ghipnpivith respedt ¢ theaectingular

Igg/c Zgggz%‘ﬁ&u&é‘t’ﬁxé iiButBeVRE 386 Trittuded @ Watuli R ¥adiStubd har dn%t:tsqi péd%’é‘é 5’5'"903

Al t hough lfahtsouses en tadhs light deteptors. Therwayegwide storsirs coniains WQV%E“F
st ruct ur e316{ Wethieashibf meWaoeg@wmdoﬂsgslncalrshﬁvin cﬂ'@%ﬂre@ﬁﬁesbﬁ‘tfeegm ar

mmy
evi o8 actibeaidss Paerifes HentorPRiciE! Intich a 6 WPt sl Ytz o
t he i nputdepisiidoas haxinga plBrahty of wavegnms ng mdéZQmmvaiydEa@rmmegﬂxdans usegut

devi ce 4GH efR&GProdurE allizhtbbaRi RQELeiRY light bb4te, | Nvention. The input device
400 is a detail'ed diagram of the input” device 300 in which two |ight

In this embodiment, the input device 300 is placed around a screen area of a display
device for a computer system. For example, the input device 300 can be placed around the screen
30  area 214 of the display device 208 of the computer system 200 illustrated in FIG. 2 by affixing
the input device 300 to the peripheral portion 216 of the display device 208. The input device
300 can be held in place in a variety of ways. For example, the input device could be fabricated
or assembled into the display device, or mechanically attached to the peripheral portion of the
display device that surrounds the display device 308. In one case, a snap-in plastic frame holds -
35 the components of the input device 300 and the plastic frame can be incorporated into the display
device 208. Alternatively, in the another case where the display device is a flat display (e.g., flat
panel display for portable computer), a subassembly holding the components of the display
device can be incorporated into the metal bezel that surrounds the flat display.
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sources. and two receivers are respectively utili zed to transmit and receive
agridof light, FIG 4, however, does not depict a housing for the input
devi ce 400 ¢fdadead S depicted in FIG 3 for the input device S

The i nput device 400 includes a first transmtter 402, a secorll’gq.@'l ansrrio?ter
404, a master receiver 406 and a slave receiver 408. In addition, the |nput

devi ce 400 i ncl AltbeughKicy §|lﬂ'§“§§ém“dﬂﬂut4if@°e§§?9“ havinga ectangulastaicture, th
arr angegﬁnfnpﬁi o a080Aigt6 theifvdntion Secllidt Bé Feghla® of rietanptiat. Tn'Tadt, naeevaloé sl
ar oun e er. ar ea reen_are a
~ devi ce). T?FE“EF‘ VE{‘%&"QP@@F ll'};@'g&% éréglgégﬂw YF“%H ‘?eégf F@Hgy ?fgtlrh %W

and t he nmathattheigpuedevice tikés. 15 communi cates with a host conputer (e.g.
the conputer system 200). The input device 400 nmay al so include |ens
~ sections 422, 42FGA5B aschemate disgram gban input dayidsd00raceasdingity amemhodimenteof the

housi ng f ofpybfifor. dlinglR bite 46Wis atda&ﬂs@dia fan off e fripat &a,;eeboﬁllﬁwh?ch c%quhef
the |l ens sectlons 422,424, 426 and ectively c rresdo totE

wavegui de SRMEEGSGRY tWa geceivess amemeﬁaex%l 4@%%@@3&% Vg &qﬁ*é)fhg & FIG. 4,
secti ons 4RawevktAdoed A6t dopitt 4 Auditigforthe inpabdevite@00guéihas indesicted GeFIG. @ fod fe

410416 and. ar dthus:‘)égi aced around the periphery of an'input area (i.e., a
screen aregl Yt Sy ay device). The operation of .the input device 400 is

f || Wh cdn |
end of The mﬁzgh%@gect. “d@éﬂf*@%ﬁa%sﬁﬁ'%zm op! @i ol 984, Lk ©
that is cotgseiver 406 and Mmm@e mmxt fiedee 400 ineludes %vesmde
plurality edctioRy£10) udsmiﬁnd@ls eThe hirsiifenieROoMAE Waveddidy sectio 4/!@\/451@5%6' Such
section 418ﬁ ﬁech of t ese ui th| n.the wavequi de se 8
o otucns s Tiabiaey am elptel Rt PRt of ah e % (18 S SRt oTA b o)
area of th%helslayd ayeldm%@ommmemﬂqhe thasteercteiver 4062andlthe masteegoeisier 406

t 41 | dt th
naveguries TAEAERAS v biecdhnd @ MEEer e R P om ¢ he
wavegui de secti qfie fnifit aéﬁcéimmafﬂs& RioRide ferd Rectiink %2 dmn 4% Mam%fihat would
OO 05 b b Psthiahy Wi R aseog St o fee A toReh ap P RsrBeL R 6. 3.
408. The sEasieofithe lnmeectxﬁﬂ8422)w24 426rand 428 rgspedtively) carespind telﬂtbwiveghtde
wavegui de §é‘c%h§’£'1(f‘ 11%25431[4%&4&&6 46 aMtGndenent bﬂ{?& 1éds}§25:?o%§ ngfu%‘ﬁ%s and 428 are

respect ive waveg waveg e secC
det ect Rhg. mﬁpso e Wﬂ’Yég‘!iﬂ%tWﬂP@cf’ellW apd gre thys placed around tkenp ery,plean t he

transm tte(npﬁﬁ)éreh@ 6104 dcYeenQsba dfiadlié 1¢)sd@m¢pl ed into the end of the
wavegui de section 414 adj acent to the transmtter 404. The light that is

coupl ed i nto t hTFheepagtoef the iiputdevice4004s asfellowi Whdnthle transmifter402|is hgtwaied,

wavegui des B%té? g%ujlécﬁmo il gﬂu‘ ol c% w‘ﬁ%éﬂc% schlonhM@ a%jyﬁéiﬂ%lﬁxe fransmifter 402.

PCT/ US98/ 0 ese wave
t he wavegulight thatds cmledllntor;hwamrd& soetioni4d Q1is then diregted tiogmlumbty of weaveguldes

Lo ToRed S oo e el sl stelevtigriny ol
that corr eg'ﬂg?ﬁi"‘!e(fef"ﬂ é\gﬁg&%‘f BP‘HZCH‘@ gf}g@e‘ﬂégﬁ @gﬁgﬁ’ﬁﬁ
of |ight 42abfthedisplay-devieete thei wiveguide seztion 412.aThe ﬂavagutcbdecttxmdﬂﬂs:omaﬂxs a
al i gned Wi Lih it of Weigufdds B LSrdsPord o HEWEUPuRRs in the waveguide section 410. The
beams of light 418 from the waveguide section 410 are directed towards and aligned with the
30 waveguides in the waveguide section 412 so that the light beams being received are directed to
' | light detecting elements of the slave receiver 408. The slave receiver 408 abuts (or nearly abuts)
to the end of the waveguide section 412 so as to receive the light from each of the respective
waveguides within the waveguide section 412 at the light detecting elements of the slave receiver
'408. :

- 35 . Likewise, when the transmitter 404 is activated, light is coupled into the end of the
waveguide section 414 adjacent to the transmitter 404. The light that is coupled into the
waveguide section 414 is then directed to a plurality of waveguides (i.e., light channels) within
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section 416 so that the |ight beans being received are directed to |ight
detecting elenents of the master receiver 406. The nmaster receiver 408
abuts (or nearly abuts) to the end of the wavegui de section 416 se as to
recei ve t hwo 9840844 rom each of the respective wavegui des w t pcoaisbsoasos
wavegui de section 416 at the |light detecting el enents of the master

el e §vapbhias i W5 POl bG8 B kSRR a2 o 1,
mtigati nQrOdchsatMeny:al eamn ofdight 420 that traversgs acrossdhe soreentasea oftke display dmce to
Che fabr Fi“gtw. A8 502 beckioh 416.9The RERFHIE Il MBcoMainda Plilly oF RAVARERS !
beams of POTRIPO @ ¢ Wave nzﬁs H? %ﬂ%é{?oﬁiemnﬁp ﬁ&‘aﬂ@m&%y
Eﬂgt I teﬂz wavéguide %nﬂthréaemédlof warzﬂaa@ahgnebywﬂme lightchamelsiin thehbavedidide SO
L hat e cqtittioh 916 8 waf Bl Behlnehfbling Mt RER ab BELULD e WEABEMLATT AL
| eave t hemqu%tmrmasmmmen:fm M(anmlﬁﬂh@ts) torthe mflmwﬂmlknd

then foc U%aﬁﬂ%&@’totr%ﬁe%éh %n?@acﬂ%ﬁﬁﬁ%&ﬂ&&lvetwbﬁe Béswitlia theoeans of
i ght 420 are celve y th ;egUJde In t e wavegui de s lon 416. The

t Lansm t t HAYE, rri‘°§|‘F‘1‘t ] reqeRer &%l e, each of
2 402 4, ] kRa; Di . . .

wnvel dhgth-of %@ﬁ%ﬁ“@%@?%‘%ﬁef‘s I AL bR puf Bhsically®

However , maMMbmgcﬁmdeMMg/SMng The berefit of osiggBienses is thet the light

m cr OI'TEt e f
O oot Clsvonlfhied RIcRRELHY ieh blins it Ha? ﬁ%ﬁ:@h&&%&éﬁhﬁaﬂﬁ%ﬁ&&&s

tjve Ve th of the |1 tls

in the raWg¥esmdesestionsis emb ieq. ﬁ?ﬁ@ li"?‘i‘EﬁP W E%‘ Irave thewavg H
t lrJ ansmit 2 section 810 b collithated Gglthe lens section 422, kiudthieh fdtusedizain byathielens g:tdtioﬂ}‘
about ow
nieh 19; ciaA G iAl Bhdronial BedfBY GOIEND 18 B rhallRa by e Wil BliBe AR,
the mast esectiendl2.ckikepisecthn hprizontal bgarsiof hglﬁ4%tmblea‘cﬁthqmv@ued¢tsems414m¢ _
ool T oot i CoBmARACY teeds docrkiiiph e ?“*:%P W“%ﬁ%ﬁmm o Sbarthe
ohot osans POTZARE besras oflight 430 &te recphyeed by g ay S vavmsaideasta o, o
OL i ncl ude ci rdhehaymﬁiuats@ﬁmné#ﬂém@éfe@l}digmmmaﬁuremqﬂse&ct’rmﬂthdne I

ot 0 t Ita
guantl ms%smpﬁéaﬁﬁa{‘&é?n%%erai 'S cnt)%lu)l1 cagngtﬁa |%§@%ﬁ%¥ﬁmny
forms, i nemittadhy the transiitiers samvary wWide) yaHewew; g wavelength i prefigrab
ot her cirgfip,38 t&@ﬂb@ﬁlﬂfdﬁ&t&bel\m& rREThls) étmawml oﬂﬂmi Hdl@%ﬁth@frangeofom

oper at o t ORISR cAlD: vﬁ‘fpet@%‘ ayichel o e BEHge i 'an%eaﬁé?@a%%?
t hat phot hsmesmnbnd@mergm'xe LB el lagtheltmnanitm)s cam he blub gailiech mitnide AEDs with a
| nt egpat e?lagél&géhtof Qﬁodt@glb(iﬂllcto% Nfie g&c@.ﬁfe_ls ﬁlé-!&% Qlelag fulaﬂieﬁ%ﬁﬁﬁ) ng

t asks “per f or ne e recelvers 406 an otosensors can a
nmade in a“ﬂ%@m&et s. Schdy 6B, € apd 8B- Devi ces (CCD) are 8 WO 98/ 40844

EDC;I'/EUEIQ?{ gggozﬁz‘w abl e Io‘?&dseaggtl de%ﬁet%teéon b "QﬁH CI r clJ tré r‘egu%res
cannot f alifferest ava@lEIFetEﬂmmpk:, thioureceineine406dnit408 ears be m_lpdanertted h)adstqmzag CMOS
t echnol 09w AR Hh!SpEtifEntbtatell Tikhits (A¥EsT drUMkr cHELR With fHOtdsBRsitve dreas.

approach _ _
30 The receivers 406 and 408 also couple to or include circuitry that converts photosensitive

measurements from the photosensitive areas to a digital quantity, and then transmits the digital
quantities to the host computer. This circuitry can be implemented in many forms, including on a
dedicated integrated circuit (IC) or on the ASIC or other circuits containihg the photosensitive
areas. Regardless of implementation, the receivers 406 and 408 perform processing tasks to

35  operate the input device 400. The advantage of using an ASIC approach is that photosensors
(light detecting elements) can by formed on the same integrated circuit as logical elements for
performing the other processing tasks performed by the receivers 406 and 408. The
photosensors can also be made in a number of ways. Charge-Coupled Devices (CCD) are
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are di scussed below with reference to FIG 7C 5 FIG 5 illustrates
a schematic diagramof a waveguide arrangenent 500 according to an

embodi ment Wb oslagsssniventi on. The wavegui de arrangenent 500 depipirmodidons 2!
coupling froma Ilght source through a pair of wavegui des sections, to a.

recei ver. The wave e a[r rrent 500, for exa suited for the
wavegui des‘“é@@?f g °B'f°“f"ﬂgy|“?ﬁ5‘EPPs Hlemn@écmgmpmqs&% PPHerthe;
4. 10 CMOB¢irotiies cGMOS ta:hndnwmmbt fabficatexCCIXkzasars, ftiut ethev\phmqunstﬁ's can be

section 502

navegu desmaln il CREET GRS YerbiEiyn iR gtee 'ftiort B G e AIC popropen
to an end at discussedbelgw with sefereneetodG, 7G. pl urality of Iight beans 508 are
formed and directed towards the vvavegw de section 504 by a plurality of

i ght t5 ansni t t FIGy Svillystetas asshematic diagrarg of a wayegvide arrangement308 aggordingite an
- wavegui de &ﬁb‘ddxﬁ&g?ﬁ?ne iRoéitiof! Th@ﬁ/a{'é@meahﬁn &msg?agpw@ oﬁhé#@élﬁﬂin (i’ro?nl a
correspon ece|V|n recei vin annel) o
Che. viweouHeHE solifietntgs s Pai AEWAYSadites Secipt i 1sdBi: TR WEYCRe AmDeyhs e
secti on 50300, Em-rexdmpbcisssuttbﬂafdr ithphwvaveghides seetiensvdd andeibtoff ehd inpittdebicad80508

to an end g Ej %{g yi de section 504 where a plurality of Iight beams 510
are produce [% or a recel ver). Each of the light beans 510 corresponds to

the light recei Tﬁ&wh%gg{& ae;fangéiﬁeﬂt 500 ncu@eea fiishda V@%ﬁ&”ﬂeﬂﬂ‘&lﬁﬁ dnld%  second

de 20 t t f t th

o 1 agerorFRRERIe SepOH thastoms pitkp %\ge%pgd%%%psem%s P firgegon At impi When
3eams 508 Kight 506 isuppliedtot 2 endrof He(waveguidésdction 5@2 fafityeofdi tbeamsssmtar@nal

I agrans QO
fl o o clorSE PR I5waRS HePeRdite Baflon SGa by ﬁg&lﬁi §ﬁ11él$*gf@é%w si de
602 and a Wwayggnides{igputlighhttagogitingichannelghin the way seictien 502 Each|of theslight
Pl ght. %%Ze‘?‘*“'%%"sw%”?%‘a%‘q?? cofiSARAMing lighttobehife WM%SL eRbichsifid Zhanleh
weyegul desol BF Uakredii egin 04, ARSIel: RerjEne PaYE Versgalibssgii b
are illust dmdcesdhl e Egarbeﬂfg redebved fromythe lfghthnamsrsgswmg\d ofahe waseguide section 504
correspon | ,
res peC{DI erj*\,ﬂ&e tpﬂphh&%%#% %ﬁ%%ﬁbenﬁéﬁ%ﬁh{ %é&é'\l’é[\/@ %agg SGC?Eﬁ b%gg'dgﬁhe
| i ght rec mnqagonﬁh%@a |lub§resmed ip@oe ofths lightiecaiviag mveméeswfdhq Wavegniget
out put 2g\avegiibkisss. Stttk difdfen SEiBputiRA ma\fe dé&ﬁaﬁg*&xﬁ:'hﬂgd)o {s@séfiPforaveaHint

section 600. In Fl l.on 6 cl.udes a |ight output
si de 626 aﬁ@"g’%ﬁ"&%ﬂ%ﬁ?gﬁ%a&fﬂg g‘“‘” gl de 626 has a

lurality of Ii t

II%ach of %/he i gﬁia 08# a@?%g&ﬁ%g&ﬁg%%%ﬁg%g’“%%ﬁ%g@ cora?'ggégnds

to a respeidlustrated in ke Sofln FHG. 6A.ghwaveguide veatign (R0 dyshosasasdmyingaylight 6681 vieg 6

323688%2“;%% e Sue |F%“gt‘°“r°36q“*°;'§“‘e‘e*é‘ﬂ“é PR e e EPUENLY oF

waveguPtiosV fm&%@ﬂm@% ) AFRCEHE Rl e PrrG R, P RN e ingrioey07 S dlpstratgd as

646 and 64&va@nuxhéru\m lﬂgmeehenla'ﬁg:haﬁgutdea dof wdihdh llghnneceindngagavegakiesmt} 6062,

644, 646 P,

532, 1634, Co Bt Purt Al veﬁm‘% Rlieft i %“m%@y FAiEs 1f3 cormesponding

wavegui de lseftstoumqt wzuegﬂme(ch% UG, QIR 689 mfb mpemzely, at the light output
end 603 of the waveguide section 600 The light receiving waveguides 604, 606, 608, 610 and

30 612 and the light output waveguldes 614, 616, 618, 620 and 622 are internal to the waveguxde
section 600. :

In FIG. 6B, a waveguide section 624 includes a light output side 626 and a light input
end 628. The light output side 626 has a plurality of light output waveguides (channels) 630,
. 632, 634, 636 and 638. Each of the light output waveguides 630, 632, 634, 636 and 638
35 corresponds to a respective to one of the light receiving waveguides 612, 610, 608, 606 and 604
o :of the waveguide section 600. The light input end 628 of the waveguide section 624 is illustrated
as having numerous light input waveguides (channels), of which light input waveguides 640,
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644, 646.and 648 and the |ight output wavegui des 630, 632, 634. 636 and 638
are internal to the 5 wavegui de section 600. To keep the size of the
wavegui des sections small yet permit themto provide high resoluti-on, the
wavegui de WE28/4984 preferably include |ayers of wavegui des. PCEUSIS04993 a
dlagran1lllustrat|ng a structural construction for a maveQU|de section 650

d 5

Dol udes e o3, GRIRE tdﬁgf%e@&ﬁﬁ%ﬁ%&rgf'ﬂ%h% SRS e G
upper suringG48diasalcerresponding Jight oufpat wwgmde sﬁgéaed@ﬁsaesmmuvely.
surface Oittﬁ@ﬂgﬁtloh&;utﬁubmamewe &@seéa&@mdm it WaVeduidds R0, 642,

sur face of+h o sud e e ety re@mﬁ%@&@%?%&%ﬁﬁ%ﬁ% ol
of thes sewava.fguxiehsstumtﬁo%SB The height, width and shape of the wavegui des

660, 656 can vary widely. However, in one suitable enbodi nent, the height
is 15 about EOLmtbmepéthemem@smt@namaﬂ yatpermit themptocpravide hight he

shape s f861uGoH) %@ﬁ/av id%k@éndh% gﬁfé%;ngtlﬁélu@ﬂ yérs of W%.Oe WRIGEGC iS4 veen

the first and second s eir, OCI at ed wavegw des
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?d va Int ageembodiinent of e mve)fnowamg Wadegndé settien §504aclutlelen fistéubstoate 652 timt t 0
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sandwi ch owrsveré?age of the; first substeats 632 Thﬁéﬂwmrga septiop 650 iﬁmhesmhmp aseeandi n
FIG 6C dﬁﬁ»suiteisss tHat Sippts wabéuides \6609n @h ubpét saifack 6t the Sdeond subitrhle @38 284
To a b of MR 6 a'=%|lé‘§gr Srtare é‘f?_thmcoﬁ s%&a@?#%bd&%sﬁ%’éhé?ﬁwha%tsaé’éavéfce
ym/a;/ﬁgw dethe sayegides660, ?sm \plr?tvaiely .t Howewezginiotie syitdble eifibodiment) tire Helight ks
o W, SRSl ek S g B SR
to 50 m cP & figthen sandaviched agn s su @n and thelre
g:c aszI plag{asasmwea Waflégﬁde@fand nﬁiquf!tstﬁ?ﬁdlvegﬁuﬁg&hdﬂssmﬁem&hwﬁhve aéiﬂes nlat lmerxgr
Oot Brs ¢ codyantags ik the BB of Brafeedidan RE R wabgiion ertian S50 eiitate e prgmiditg
fS Lg\t/v di agoﬁnghfesbhhon .CThe strucpralcodsmetion fér r:hmwavaghndeg;ed:thm 65dis also dﬂ‘eﬁéﬁ to
|

| nven?(lp onaOT %vlld[lélégﬁe% #cﬂ Egﬁaégtgtl‘ @ﬁ%‘%@e Sﬁ’%s‘f @,@855%8 ﬁ?%f}?ﬁéte& eet “of
gl ass. aotslmsgﬁ tedhe purving of shechanngls shawiyindiies: 6%@%‘1 6Br t hdtis desirable
tconst ][ uct %oCl&epfhel ?gatﬂr'?lﬁ (tlidusmg)'ﬁﬁ thecigfut dsefctbt% gom@nd eist oB(d8s tHan2aR. el_dto_ﬁz4

0 a irs e O a sSnNee of aKe 0 ensi il ve
mat eri al . Wﬁ%‘ﬁ mept, an Hﬁb‘ﬁ%‘é“ﬁ"&"ﬁ%‘i % E‘dwﬁ"é’ﬁg‘l%géﬁ%é%“?%"? orm -
channel s. thigky W,lthtﬂhreglmlatabang abowg 9.7 mhaﬁlu:kbaﬂ edisbzdzocyclobutens (BLGH)dayert he
channed s ﬁéxﬁ g?ﬁgﬂlgl?ﬂxcﬁlésé w‘% 9fnaﬂ|3h QF :ﬁﬁﬁ§§5 tJ ?? hﬁéﬁ)ﬁﬁfm‘s AN e With PE

formed on r sid ' ow n processin The

e su
gl ass she®Yo indivigyal wavegpide layers fe faemnsh rouys| ol drdiidy %avgzgléemwgg%e
of the gl sides)ahdelayendf mﬂyéstdmdxgdab&hsnmlstmﬁ:kpbamezeﬂﬁltﬁmmv%iﬁdesslawp,os ed

and devel ﬁgmGa% ﬁgeg‘s%rf &Hﬁr}ﬂﬁlfﬁra G eBs%%Jvﬁﬁer is then hard baked

684. The g ass’ s en l"aser  cu di vi dual wavegui des. The

ST g 10, S Gy bl S B BB S 1

and af®o pchgaql ted in ng to one embodnnent of the invéntion. Initially, the
fabrication procedures 670 obtain 672 a sheet of glass. The glass sheet operates as a supporting
substrate for the construction of individual waveguides. Next, a layer of BCB is applied 674 to a
first side of the glass sheet and soft baked. BCB is a photosensitive material. Then, the
photosensitive BCB is exposed and developed 676 to form channels. Next, the BCD layer is

35  hard baked 678. In other words, the channels are formed by a lithographic process. Thereafter, -

channels may be formed on the other side of the substrate by the following processing. The glass
sheet is flipped 680. A layer of BCB is applied 682 to a second side of the glass sheet and soft

baked. Then, the photosensitive BCB is exposed and developed 683 to form channels. The

| THIS SHEET HAS BEEN

1is Shéet Has Been Replaced 10
r REPLACED




(see FIG 6C). The polyester strip serves to separate or isolate the

I ndi vi dual wavegui des being 5 conbi ned from one another. Follow ng bl ock
686, the f awoiosmussan procedures 670 are conplete and end. Fl Gpcqiuses/nsdes
di agramiil|l ustrating fl ar ed wavegui-des 690, 692 and 694. The flared

wavegui desBCRY e st frlkof 4. ok e hRe i g 13 A 8BSt Bl
630- 638 newavégnidesi The Jasert qiching antbcutfing #re stadard industriplipiecesses.t Fimallgaworay

vave des i ARBT el it Ahdlhetasch st ol A el it

~ Sinilarly, (se¢ HFIGACH iThepolyesier stripweryes @esspara@rqsaw thedndividyal wwgmeé eing
| incideny | t&ibine@HBineshe dnbflier. SFoliowirg blok/686, WK fubtiedtiondhbdedates 670 BRI

| 696 for naki wavegui de structure according to another enbodi nent of the
' invention. 3} neral, a waveguide structure 15 includes a substrate, a

emboct ment i e bl #%%?“é‘%'e}@%%sﬂs?%@ﬂ%%@ﬁ% G B 80y Tifhuel] | c

 substrat e waveguidesmay beused atan endrof fhn transmitting an am:ecavmmvesmda;ﬁqran
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30 The desired characteristics for the substrate material include rigidity, low thermal

coefficient of expansion, low water absorption, surface adherence to waveguide material of low
TIOR material, and low cost. Suitable substrate materials include glass, some plastics, ceramics.
The desired characteristics for the low IOR layer include lower IOR than waveguide material,
optical clarity, adheres to substrate material and waveguide material, applied as a coating or

35  grown as a thin film, low thermal coefficient of expansion, low water absorption, and low cost.

Following block 696-4 or following block 696-2 when the decision block 696-2
determines that the index of refraction for the substrate material is lower than the index of
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PCT/ Uso fBREeIdEE BEbIZ d relGler il onlsg g i e E‘E‘he S
oper at i on ¥pstrated embadiment; be HEht eapiving wANeIidgs GR4-512 optically couple to a light
detection region 708 of an integrated circuit device 710 that operates as the receiver. The
30 integrated circuit device 710 can be affixed to (or proximate to) the waveguide section 600 in a
' variety of ways. For example, the housing for the input device (see FIG. 3), an adhesive or
some other mechanical structure can provide the mechanical support of the integrated circuit
device 710 with respect to the waveguide section 600 so as to provide the needed optical
coupling.

35 FIG. 7C is a block diagram of an ASIC layout 720 for implementing a receiver according
to an embodiment of the invention. The ASIC layout 720 includes various functional logic
blocks. A transmitter driver 722 supplies power (PWR) and ground (GND) signals to the
transmitters (light sources) to cause them to emit light. A clock circnit 724 supplies a clock signal
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] " FIG. 9 is a flow diagram of threshold adjustment processing 900 according to an
* embodiment of the invention. The threshold adjustment processing 900 initially reads 902 a light
. intensity value for each of the enabled light sensing elements at ambient light conditions. Then,
35 . an “on” threshold is determined 904 based on the light intensity values that have been read.
o Next, the “on” threshold is set 906 in the receivers. As an example, the “on” threshold can be set
906 by ambient current plus n(ambient current - dark current), where n is an integer. Following
block 906, the threshold adjustment processing 900 is complete and ends.
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10B and 10C. In FIGs. 10B and 10C, light detection cells are numbered 0,1,2,3,... n. In these
examples, it is assumed that only those light detection cells not receiving light (e.g., dark cells)
output a signal. In processing, the address of each dark cell is input to a logic array in order.

35 The logic array then preferably first throws out all but first and last pixels of any shadows that
may be present, which leaves a pattern first,last; first,last... in storageina first-in-first-out
(FIFO) buffer. For example, with respect to FIG. 10B, the FIFO would contain: 3,6 ; 12, 12,
The processing then selects the smallest shadow and outputs its center and width. In this
14




WO 98/-40844

PCT/ US98/ 04903 exanple, 12, 1 would be sent to a host conputer. In another
exanpl-e, W {yp dsifegact to FIG 10C, the FIFO would contain 12,

thereafter 14, 5 would be sent to the host conputer. By sel ectpll'%éuspﬁld‘”s

smal | est shadow to forward to the host conmputer, the shadow detection
processi ngesdgplej £2, dbvanld be s¢ntten hogtcompuignt Inanettien example, with respecs e FIG. 10C,

si mul taneoygl f\hdtcbﬁtaﬁ: 1296041 théreer 34, Swohid BeSseAf¥d the hovt dompltter.
i denti fyi ng a cting thé smallest shadow, the shadow detecti on

processing 10003 yEseRbelifg e stialibst Slido®to Fermaed th thanoécwan@bueﬁctwsmdwsieteeﬂbn

woul 4 ot RBRES %ﬁ&f)ﬁia@? Sl b el e Rt il isteity St e
st yl us, 5 buscreenahdhyast dstylusend s hansl, Bycidentifyifigeandiseletting the smalié¢st shadoivs thee nt
because t h@ﬁa&W&?%c%lBE WicHiding Ogbli*@alﬂé ¥ distin ,%E?g%#"%e“g‘?é ﬁWo Hjécts]fgld select the

call'igraphy on a reen 'S po e nmeasuri ng

us

appl i cati ofBe aPDRﬁEPS tobesthe pne H‘j‘t isslesireda lamever, i %‘W ue wenidnot wagk Mhﬁg the

f he i n;/e tnt bﬁK&on?Rhé ﬁﬂfﬂldoy/exfslt%é énaaow fontghe s i aﬁuﬂsa tmstdwbﬁmaﬁt bd&nrd The
enses oc e.li e ansmLtin ui de

t owards t hé"’ m%%& ijﬁpfﬁf SPRB YF%Z‘??@S‘F fyﬂ‘lﬁ‘ \?lthdﬁﬁ% 1\3@1@35 or

an arrag otalligraphy on @iper scre¢m and itds pulm!@lly dﬁulefoemaaiﬂng@.pplg:ano& HAdditionally,

Fur thor, 1 Reno R E RE ok Seftd 2oidh i iy b SR o bl e elads lones

(e.g., diffe aeﬂsffracuvsm tg som@éwm tbeiggoutpyt by mwos Wgveguide towards
w?veg ui dtes the rfebdibing lwia%l de I Bitases gelle liBiddiwdﬁa?mfn%B&?oﬂ dnl ms'roﬂe:ﬁ&d Given ]ghat
acenen a mcrolens ypdes to m r eadi.nq ,0
Phe i gnt e NetReiidy oIt ot e héfehsdsfard shert Brormsifio 3 MRS ases
1000 pliace§Fuethern, theateeption ide oﬁﬂmxmpmdewcc)mm also iqpiidedenses (e.g, diffraoma tensesido
1104. The g limate the |ight emanating fromthe
wavegui de ﬁ%%ﬂg’ééﬁgﬁh&gﬁgﬁ %va" %‘r{i&%ﬁsat traverses gn i nput areg is a
Fecel ves the solloeana uattR “‘*“bg‘*‘eaﬂmﬂ*é??“‘? L itallis Placcreri of RRAGORAE, o1
wavegui de PHEHMAEIARELS F%E’é‘i’%ﬂ“’rag quhé‘é’égg\" te&ﬁ'ﬁml;q yavegiide. zﬁh
optical ar FGgEheran optiddl arrangement 4000 placels @ miptalens|1162 pmxgaatem aliﬁnitpumdaof a
transmygsi "g@ﬁ%é }: ﬂ?«r ﬁ%txmgi'({lén%rﬁmp?ge?atéseﬁ%bﬁﬁnﬁé ie: lﬁhpe a lens

1112 receives er traversing t

lens 1112 fvegwde rPE@eth bpaup ghat trayerses an ERpi aesa isa ol

The use of 1lle@sssmegma61ms lﬁviﬂg'dfflated— r&iﬁbﬂﬁéﬂﬂéﬁéxv&ﬁ‘th@f:olhﬁﬂwdﬂigﬁgﬁﬁaﬂ?ﬁter
because it ,is diffjcult, and nme- consu to tchat k. coati.ng f [.e,'he
wavegui des "REPInE e PRt ateh e Viveshige e dinetts Phecroredyod Hght 10 ieeriver: 18T
ten [err] miiB, &eoptical arrangemhntclu,lommmdmtpﬂwtapubd m;mngemmmﬂﬂo off h &ransmpission of
light spre ”ﬂn' S:é%\!c%ﬂ}é' Isfife. 'IE ﬁﬁ&ﬁ&@gh&hsﬁﬁi’@%&iﬁ@ﬁk cbﬁmfclj&ggd étﬁ‘iftglf

the waveguide in | nensi_on, er coatl ng neans a

wavegui de \Hﬁi"%"ﬁm Japytagea. S'B?eéﬁlfl lﬂé foqupgsdhe WF%‘M@@%B% &gb"rh%“ %oating
(e.g., 5 nmvegﬁﬁﬂemsu can be used for the wavegui des. Anot her advantage of
using lenses is that the power required by the transmtters (i.e.,
intensity of i mhe)xssﬁflenm swestactimplify thehenswurtion of the wareguides becaastdt isf

S'eﬁitslf ar QTSR At SolutiRg o dth £ AIK pidl for BIPivcpils, FRSAIRbR O high?

consuier 5 tm to be mid-range, ten pmtobea llttle thick, 20 pm to be quite thick. The amount

put gr ea

. of light spreading in the wavegulde is mversely proportional to the size of the waveguide in that
dimension, so a thicker coating means a deeper waveguide which means less spreading. Hence,
with lenses, a thinner coating (e.g., 5 micrometers) can be used for the waveguides. Another
advantage of using lenses is that the power required by the transmitters (i.e., intensity-of light)

. 35  can be reduced.

The lenses are generally made of plastic. The lenses can be made in several different
ways. One method is to deposit droplets of resin on a substrate through a syringe apparatus
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PCT/ US98/ 04903 whi ch controls the characteristics and position of a
droplet. This process provides high quality but is expensive: It ts

t her ef or e woss/ossed for mastering. Another nethod involves IPCWgsmpma:ally
etching, then nelting and resolidifying plastic on a subst rate. Traditional

oss expoHanh Eonttsthe fhucstnlif atd B ng‘ﬁmﬁelénm SPENA A

Labs of Mdblsreansﬁmddm)ﬂmmembm ofmastenings Anpth elYB®di ment of
the Inpugtﬂ%@ﬁdﬂxa&?gta ﬁdrésoﬁﬂﬂ’yﬂgiﬂsﬁéeﬂa&hbmﬁtel Tradidonabl y a

preferre e |n nt|o recognd zed

wever d
Phat ot nenetbagmoaHbiEh graliy sidioe s0d SRDRMIPEAS 9o, avajatlg and st RREERVE:
enbodisentdénses ¢ belobtsitiedfrom Gumerous guppliess (stgc,t’lrmhabstofaﬁbm, Canada) thit

receivers va% eraaﬁ%y the fewer the conponents the | ess expensive,
t hough f PO d’é‘F“’B er |nput areas nore conponents many be needed as

fabrication of Hg?’uﬁ’vﬁe ilRisB¥ted fn H@Wdlﬁ&ilsohbdﬁufaﬁovﬁlsgﬁsmbly
12A- 12D ares erratl |a [ans

devi ordin t _
enmbodi nerf Bre W@h"ﬁm PBW"' mycatien- HoweY Flfe'!?“% 51’??"1‘!3"%
ar r angenedhSodiénts BE theiiventiche viag alsobe asell. i these 'ehxboﬂlmentst themumbet hfa sane

15 Fl G h
Gt 1 WeveRpiss techon, PR (A petvet vary, el FeiEE e k‘yﬂéﬂ‘ve S S‘a‘%%
acr oss anlessgxpensives though forilanger pm:umg areEs; MOrRPOMBANERSS ARy bgmeed ed as
|1 trat ﬂﬁlr_pg Q]Smg, r’rmmgm t1
'I[ha'tjsl Irfiugpr a%dag ?n % FlI%ha 1 &s che v rl:lllﬁig £am dhitnatio
t ransni t t dipgrams of inppt dﬁ‘ﬂh‘i?s%g% a‘ftﬁ%m" %‘Qx’n ﬁ’%@‘@ﬁ@‘?‘ﬂ?“‘s
structur edéﬁdtldlf&r&ﬁlafraﬁmidnwﬁr thE irfput déGce at:ca'dmghe thet invention in thes@De nwhner

one t ns m T1 Frolf

str uc \(’\% %ch ?'ﬁ’ (;%ﬁ{s"? Itg&'it%]l)mgma ¥1F1W péplggr amxo rﬂiﬁer (light
transm t t mlraéeT,lt)lmu@héh& wavsghides, au0ss ap iyt ﬂ@h't angljinte veavirgyigd ’rac!l'g‘f’%té
having a ﬁétri Fhfraf8Cthe R EmBRirhdhtd My fiehide densésifllaGname dimilar ﬁbhhﬂlmﬁstrhtedfm

e Bt noi SRS SSheiatc dibben Bt A il FaBCIn 1o, P Bl BR PR
four rec eembodxfrﬁiit with a waSegide stfa¢jure hining ftmntseotmns: HGNAQB dsid arélemahg diagram
havi n a gngen%ﬁﬁﬁﬂte‘?g'rg\d’%ﬁ%&él@aetgg?%ﬁé‘&hehﬂ \bl‘rt]!g {x/ b idd stfbfare Hadle twoar ge -

I nput recelvers I mt onoqu nunber
of vvaveguSQ!:&iQnS;rFIﬁ A2Cds 2 sehemetie diagem of onedEansmifiar Cﬁﬁr 21g FEEHVENN )t he
i nv et”t :jo n eﬂSS&nﬁﬁEﬂvhh ﬁergtﬁﬁéstwéﬁﬁe hﬁiv&bga tﬁhﬁl@ stetionc Bychaving anly e singlersectidre r
i nput devi ges man, res and advan
arg appar aign W%H??P@S%SPP&%#“?U cey ‘(QFFP?)‘P’%%‘?&%%%“PE%%P&%? 1S I n%é cye%jby
t he appentigter:| FliG112Dds & schematic Idlagmrh of eamltrwmimt @) Louragesiversf(Ri HR2

h |
| nvents g“&gggbgkghepwmmg i o 4 §58e 320! v;naﬂaemwmdl y

occur ed 1n art |t|s no redtollm the..ir J,O

to the exibstratedin FIch12Dn1a8r inpyarensicam %1§°“iefqdu 'F‘%?t%’eﬁ?faera a5 2B on
Hence, al humbét &M@egiides‘ drgﬁtdls)lmt theylcanprovide lightsletertiorbfor; the inventiort usess

falling w agihonatl Reteiverhs b hblk B scald s 'i‘z{rké}q)enﬁéte}ﬁxput devices.

The many features and advantages of the present invention are apparent from the written
30  description, and thus, it is intended by the appended claims to cover all such features and
advantages of the invention. Further, since numerous modifications and changes will readily
occur to those skilled in the art, it is not desired to limit the invention to the exact construction and
operation as illustrated and described. Hence, all suitable modifications and equivalents may be
resorted to as falling within the scope of the invention.

35
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CLAI VS 1. An appar - a light source; 5 a

mul tichannel transm sﬁlnmm.l &tm rtion optically coupled to receive

| i ght fror’r}wﬁ\? ht source, nsm ssi on wavegui de por L&p i ng
a plurality o T‘Mﬁt transm ssi on wavegui des that produce a f‘lt’r Ips“g@bb?

| i ght beans by guiding the light received fromsaid |ight source so that

- said first set of |ight beans emanate CLAIMSheous| y fromsaid |ight

- transmi ssion waveguides in a first direction; 10 a mul tichannel
reception wavegur de gﬁrt on s aqed apart fromsaid transm ssion wavegui de
inthe fidst d 15, o ept i on wavegui de portion including a

pl ur al | ty of | iadight somcept i on vvavegw des for sinultaneously receiving sal d

first set of Ilqgﬁjs ‘W@ﬁ ?hﬂﬁ'

and a Tight defector ogpl ca y C Ug gﬁti%ﬁg% l?&e%oep 1on ﬁvegu? ortron

to recei veaidtrangsission wgneguidepartionbeingformed frop 3 diglegticapateria and rncbth:

reception Hﬁalﬁ?%f fmﬂ&%&inib@xon%vﬂ i€ thatGRédck A firSiRREoff 1?1 t bedhd mlréép%ﬁﬁi tolthe
r

AR e ORI TR R NN

appar at usuummnsmmpmtregindasamafmda'actﬂﬁ el ectroni c device. 3. An

appar gpus as r %%ée?ﬂgh glgﬁéfdrﬂeg céor? vvav e(%ﬁttféﬁ'ﬁ Qaid Halsrhis§0s Wa%?étﬂ& in the first

waveg I de portlon ortron an in
produced. dmectiongsaid recppnweawdg pa%ton bemgé@qu from ﬂrdrl%ectmma@ml @dugéﬂdlaan

provide i rargmiraﬁ dJf ighEreEspition ma%glsdésqer Mewmg%ﬁlamewlrght Béams WhEnaBih € froff
sai d appar at Iljs V\Ath a fin ‘ger or 6. - An apparatus as recited in .

yl
claim 3, dfglishhransmssign ?%ﬁgggle?gmg user i nput apparatus for a conputer
system by i nt eradight detectort dptichily ¢aupled tasaid rec8fition wavegiide pppibnad receive thedight ed
in clgkm ¢ I | AR a
l'i ght qgeni&r rrrl)g‘g\‘til gr@é‘“&fﬁ‘%& ‘TQJ&%“ u&lt Gﬁga@%mg%%“r‘h&g& H\A}g\g‘egﬁt tport‘l!?’gn to
recei ve t meapyrghlightinensityof rheglrﬁht framdhe light raseption msgmesgéw FREEBAN on
wavegui de yaRegliddpordion. 8. An apparatus as recited in claiml, wherein
sai d appar at us further conprises: |enses optically positioned proxinate to
said transm ssion wavegui de portion to collimte said first set of |ight
beams emaiat i ngAr apparakscasirecjted in claim i whérein saishappaiatisgs soinpntidevidedor an
cor re%"”@leﬂ&oﬂn%ﬂ@%cé eception wavegui des of said reception wavegui de
portion. An apparatus as recited in any of clains 1-8, wherein
the light transm ssion wavegui des and the |ight reception wavegui des are
|'i thograpBical IAn ﬁbp‘aramw:hsweciteglindla&nzmhemm/bttwmaaﬁtmmsroaom\egmdapo&mnm

9, wherei 4 bgs L ABkord § AR Yoo BSHN 655 PhbLE

25 4. An apparatus as recited in claim 3, wherein a user can provide input to the electronic
device by interacting with the input area with a finger or a stylus. ' '

5. An apparatus as recited in claim 1, wherein the light transmission waveguides and the
light reception waveguides have a rectagular cross-section.

30 |
6. An apparatus as recited in claim 3, wherein said apparatus is a user input apparatus for a
computer system by interacting with the input area.

7.  Anapparatus as recited in claim 1, wherein said light detector is an integrated circuit
35 having a light sensing area optlcally coupled to said reception waveguide portion to receive the
light from the light rcceptlon waveguides of said reception waveguide portion.
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light re lwm “ms have a recta ection. 11. An
appar at us | ai m § paveratis SEEHHADBERGGus is an i nput device
for providing user |npu t 0 a JORHPUAEED syste erein said |ight
det ect or | WOAS4084degr at ed ci r c(if aving a |light sensing are®oxmssmidoy 10
coupled to said reception wavegui de portion to recei ve the light fromthe

I i ght chagnel s Y for an
el ectron?ée] devlrs‘ge 6%%%{)@&8%8%% Iggé[ﬂe% 11}89% sour ce; c&@ﬂ% det ect or
to detect Ii ghlenwroengally;poamoae@mmartq tp sgid transmissivawavegwide ev@ﬁem@lhm a

l'i t hogr apgaidfitst Yet @f fipiardains ¥Rahathg H%h?lrhﬁh%hb&ib:ﬂﬁaﬁegﬂidé& @wdrds e
wavegui des, Wwherei aid |Jght sour e {: @ es l| ht int.o first set of the
wavegui de®rEePaiding light reception wayeguides ot sat §5\"d8P°Megur des

di rects the Irght coupling into the wavegui des to produce a grid of |ight

bears 1 g1 ¢ el gupracaaimmmh%ﬂex%mﬁs o Hauddedita B0

beans si rrul t aneou raverse an I nput_area and are then _
l'i ght deﬂ&htmgpwewevﬁg@weraedmpam@maﬂu pedvaypguidesecond set of the
wavegui des of said waveguide structure An input device as recited in

claimai2, er nsardlrth I, C defr d equi de structure |

di el ect ri t0-nat SPapParally as%l Bk, \X%@Feé’? é‘\@ﬁ q@?"@%ﬁ““ﬁﬁ‘%@ ‘%@s
send tneannedméct Ithegiight aareived fmhesaldmgltt souree in oowrvetbfasition by ptleakt A5 danguhdles
of the s Bamsl6- An input device as recited in claim
15, V\,herggﬁ Sal%{lﬁeg‘fnrgt‘é%i’g% ?ncrosll enses formed in a strip of ‘material that
is placed proxinmate to a light exit side of the first set of wavegui des
where 30 1t.he Ah&bﬁarb@aas;reeitanﬁtmmm wherefi sdid Bpppar£teyis @8 ifgut dedtd fA phoviding
claim 12, wher eHg, sai d ,p de%‘g:e provi des user input to a conputer
system 25T RE %%‘Hﬂ ISYYRE- # ector is an integrated circuit having a
|l ght 15ensi ng whersinojid laghtt ete@sr is anwﬁmmdm@ahayingaa:misminmegmpthdly

portion t& &b tidhve] ve tE ight \%ﬂt h%ﬁﬁd?%
wavegui d u?% gﬁ(rirtnrwr%éut de‘\’n ce as recrt liﬁ |r?hr°i1}{9th§ erein the Irght
sensi ng a‘Feﬁ%PttS‘F“Y“}YSg‘PIH egrat ed circuit includes a plurality of
photosensitive cells. An input device as recited in clai m 12

wherein sgaid equi S rality of waveguide
sections. V\% gput Vlgef&%ﬁg{eegtlr%tgghé{g‘?eegg?gﬁa % claim 21, wherein, a
first2of the V\ml@trmbehghemurcms produces horizontal |ight beams, a second

o voan davead ?ﬁﬁ:; edocieR B B2 gt ind ity af R plurd1fty bf tﬁﬁ‘?‘v‘i“m‘“’f‘}?‘éﬁf“‘é&egf ' ons
e U e ithapieabicale defalen oY HHS sipiiugs IORKNE LRIRALIDY SLNIOEEORt ot of
the wavegui de whereinsaid lightowrcé cauplds hghtidnneaﬁmtsgmfdmwmguﬁasothakbosed

opposi te %ngég\gﬁie sﬂh&:ﬂ zindt %b%% n§m¥?@ %%ﬁ&%&%&’gﬁd BFfi gt BediE bR 1S3

recelves ertrea secon
coupling into the wavegmdes, the grid of light beams traverse an input area and are then directed

to said light detector by a second set of the waveguides of said waveguide structure.

13.  An input device as recited in claim 12,
wherein said lithographically defined waveguide structure is a dielectric material, and
30 wherein the first set of waveguides send beams of light across the input area towards
corresponding waveguides of the second set of waveguides.

14.  An input device as recited in claim 13, wherein said input device further comprises:
lenses optically positioned proximate to said waveguide structure to collimate the light
35 beams emanating from the first set of waveguides.

15.  Aninput device as recited in claim 12, wherein said input device further comprises:
lenses optically. positioned proximate to said waveguide structure to colhmate the hght
" beams ‘©manating from the first set of waveguides. :
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PART OF THIS SHEET. HAS BEEN
t he wavegw de secti-ons. 23. evice as recited in claiml2,

wherein said vvavegw de struc— ture. 24. An i nput

device as rp6iokaokdis Hw/h rein the el ectronic device pérgssiigisy €

system having a di spl ay deV| c wl'ﬂl &" ’mw ce includes a screen area
and a peripheral portion, and ut device is affixed to the

peri pheral portion of the display deV| ce, vmth the input area of said input
devi ce being pl A uwleméimeresxmdeinnlaimdé,wherbnheaﬂﬂenﬂesamdmmodense&ﬁ)rﬁﬁdmaA

met hod for_det ni id
mot hod coriP &f gienelStal}s HBE frokiilh o' hgbe P RAEbe &8 £ skel shavEiAG unté
plurality the lightteamslemanagas beams by guiding light fromthe source of |ight
25 th'rsough a plurality of paths of a rultichannel transm ssion wavegui de;
(c) simultaneously directing th arall t. be acrposs an input area
of the inpli- dedndeputdgyics ?ﬁ)ﬁ??“eoﬂir‘g& %llﬁgwiﬁﬂgﬂtb%hgﬁ UANSTRISFION Waxeeuy s@ﬁ@ﬁ‘

i nput  devi gt récdpticn Wavdgaites arl lithogesphioallp defited wavegaides.ne paral l el 1i ght
beans after having crossed the input arca; 30 (e) deteérmning |ight
intensity for each of the parallel | i ght beans received; and (f)

det er m ni niB8.wheAndnputideviee assregitessia claimilpwhereinithe hd:tmosmlsson waveéguides and the
based {.Igap Whadrat A nethod as recited
inclaim ZE& \‘%ﬁepféﬁ]@@geléaﬁ %ﬁ eﬁri\tr;s nes gﬁl&t)%ﬁl on of the 35 user's
input with respect to the input device, and wherein said nmethod further
conpri ses: 14.9) Aatxﬁpundawagaﬁream ihiclimaR, whereinsaid ifiputidevice pidvides asdrésut tda
the i nput device bas the determned light intensity values. 19 27.
An apparat‘E&mEl‘ﬁt a‘le &n‘?n any of clainms 1-10, wherein said transni ssion
wavegui de port i wherein Satdwudgtfectarmaalxmgraﬁedcmiehavatgal?agimswitxgarmﬂbn

\I’Ng\(;?tgggp Cc a@#sgg%g%cegn Bﬁ%lde(‘p er glahégseg.lle clh%ﬁ glew cgﬂbﬁl}rt el’éi(‘sgldaS

conpri ses: @W%EW@% |y positioned proximate to said wavegui de
structure to collimate the |ight beans emanating fromthe first set of

wavegui des ecd t | ny. of cl.ai 12-16,

1o 54 or 230 wnAnngmedpie pf Briedd §5¥#@§i€yﬁﬂsﬂ clel O st L
diel ectri ccmmuuclud«zsa;a@rahmﬁphpummm las recited in clains 12-16, 19-24
or 28, spherein the first set of wavegw des redirect the light coupling into

t he waveguj des such that, the ht  beans roduced a I rected
in a. subst %ﬂ‘t i aAmynpytdevice as ’rt?‘g&c; h‘é(hﬂFWe“{ﬂl ‘P’%‘E’SB’@F\ S‘ifPFt‘&ml'qu“

l'ight .- - plurality of sections.

22.  An input device as recited in claim 22, wherein, a first of the waveguide sections
25 _ produces horizontal light beams, a second of the waveguide sections produces vertical light
beams, a third of the waveguide sections disposed opposite to the first of the waveguide sections
across the input area receives the horizontal light beams from the first of the waveguide sections,
and a fourth of the waveguide sections disposed opposite to the third of the waveguide sections
across the input area receives the vertical light beams from the second of the waveguide sections.
- 30
23.  Aninput device as recited in claim 12, wherein said waveguide structure is a unitary
structure.

24.  An input device as recited in claim 12, wherein the electronic device is a computer system

35  having a display device, the display device includes a screen area and a peripheral portion, and
wherein said input device is affixed to the peripheral portion of the display device, with the input
area of said input devxce bemg placed over the screen area of the display device.
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coupled into the first se ' 32. An apparatus as recited in
any of clainms 1-11, wher lﬁﬂuu Wfssi on wavegui de portion is a
non-fiber transn ssion r rein said reception:wavegui de

portion i SWOP8M08Mon_ i ber reception waveguide. 33.  An apPSIHSIN4903
recited in any of clains 1-11 and 32, wherein said transm ssion wavegai de
portion igsa MAlhithad for defeRfifniigs & usi’ faHthdespeditd anfiipue évise? sald hidafidt | on
wavegui de EPportl on is a nultilayer reception waveguide. 25 34. An apparatus
as recite SB% of clains 1-11, 32 and 33, wherein said transm ssion
wavegui de port(a)lpm\edmgasouramgiﬁght. strip, and wherein said reception

wavegui de port &.ﬁg 3%933 atus as
recited in any eq LH@E?%EQAF% erein Salsg@@e@ﬁﬁﬁget ect or

i ncl udes a pl uica|sxmtg)taaﬁoqsly9mm@ep aswa&arsmsttmq fahe ipput

si mul tane&m&anﬁhmtasealueﬁigtposiﬁbﬂaﬁwnymﬁeahﬂhéi t ddviceyn at | east the first

35 a6 an ppmapRbodl PR hefﬁnsf*&?%f%%é%ﬁﬁﬁ'°”a§‘§ﬁv*ﬁ“' Sodriders o

hi gh resoimtltatea,l nput deV| ce whereby at least said first set of Ilght beans

are able to be Ak m#ngm} WI be&h ut area
fromsaid |i ghté?g%rce dg?]lliéhy sdl ﬁﬁ@ t ﬂ%{erlsayrré}ﬁp @qon V\%\%ﬂg@dg{é@w thin
sai d 1¢ ansni ss(@ActgEniving whethss there,is, a'&ﬁﬁs inputwith respeghto the W“%%P%‘ﬁ%ﬂ?l y
recei ved weﬁﬁhguh%gmteﬁsag@amegn wavegui des within said recepti on wavegui de
portion, and then being 20 directed to the corresponding |tght detecting
el enents of said |ight detector where the [ight intensity is substantially
si mul t ane®6s| y Aduetbod esirecited in claim 26pwhergin saidarpethed daterthings agpogition of theiuser’s

1-11 and ﬁx%u?’@:ﬂ:‘fé&'ﬁé&'t&‘th%% tﬁéﬁé'epfah&?” 5 transni ssion wavegui des have a
flared out "section, nea sai d reception wavegui de portion where

said #rst set Wherein ms cP’EE’é’W'ed 38. An apparatus as recited
in claim33, wherei (g)detetimitig ib&xmndﬂthmm s fipunwith vesgedt aethp dnput device

i ncludes action |layer and at |east one high
i ndex of ?%eh%ﬁﬁragm\ql%}g ngir‘%{’@\%%‘l’ﬂ n said nultilayer reception
wavegui de portion includes at I east one | ow i ndex of refraction |ayer and
at | east one high index of refraction Iayer._ :
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