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latter may be accomplished with new circuitry.

One attempt to solve the problem includes a compensation
approach that includes a series of amplifiers in parallel with the data driver
(see, e.g., U.S. Patent Application Publication No. 2002/0030647). By
probing the pixel current decay under a given voltage, the operation
voltage of each pixel may be adjusted to its original current level.
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emitted from nearby pixels in a dlsplay can be corrected to be within a
range of approximately four percent of one another.

In one set of embodiments, an electronic device can comprise a
first circuit comprising a radiation-emitting circuit element, and a second
circuit comprising a radiation-sensing circuit element. The radiation-
sensing element may not be part of the first circuit.

In another set of embodiments, an electronic device can comprise a
radiation-emitting element lying within a pixel, and a radiation-sensing
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In another set of embodiments, a method of using an electronic
device can comprise activating radiation-emitting elements within an array
and measuring a calibration signal for the radiation-emitting elements
during a most recent state. The method can also include determining
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an array of pixels, a waveguide, and photodetectors along edges of the
waveguide.

FIG. 10 includes an illustration of a cross-sectional view of portions
of a waveguide and an electronic device that comprises an array of pixels
and photodiodes near the edges of the array.

FIG. 11 includes an illustration of a cross-sectional view of portions
of a reflector and an electronic device that comprises an array of pixels
and a buried photodetector.

FIG. 12 includes an illustration of a display after an initial-state
calibration.
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FIG 11 includes an illustration of a cross-sectional
view of portions 35 of a reflector and an el ectronic
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Before addressing details of embodiments described below, some
terms are defined or clarified. As used herein, the terms "array,"
"peripheral circuitry" and "remote circuitry" are intended to mean different
areas or components. For example, an array may include a number of
pixels, cells, or other electronic devices within an orderly arrangement
(usually designated by columns and rows) within a component. These
electronic devices may be controlled locally on the component by
peripheral circuitry, which may lie within the same component as the array
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The term “nearby pixels” is intended to refer to a relationship
between a first pixel and the surrounding pixels in the plane of a display
matrix. Nearby pixels are those that are approximately within a 25 x 25
pixel matrix wherein the first pixel is located at the center of the matrix.
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expressly stated to the contrary, "or" refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not present), A is false
(or not present) and B is true (or present), and both A and B are true (or
present).
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As used herein, the terns "conprises,"” "conprising,"
"includes,” "including,"” "has," "having" or any other

wWae 200aLi4ah t hereof, are intended to 30 cover BCT/US2003/028259
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or mixed-metal oxide. Suitable metal elements within the anode layer 110
can include the Groups 4, 5, 6, and 8-11 transition metals. If the anode
layer 110 is to be light transmitting, mixed-metal oxides of Groups 12, 13
and 14 metals, such as indium-tin-oxide, may be used. Some non-limiting,
specific examples of materials for anode layer 110 include indium-tin-oxide
("ITO"), aluminum-tin-oxide, gold, silver, copper, nickel, and selenium.
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In other embodiments, additional layer(s) may be present within
organic electronic devices. For example, a layer (not shown) between the
hole-injecting layer 120 and the active layer 130 may facilitate positive
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sufﬂcnent potentlal difference between the anode and cathode, usually less
than approximately 20 volts, and in some instances no greater than
approximately 5 volts, may be applied to the radiation-emitting element.
The actual potential difference may depend on the use of the radiation-
emitting element in a larger electronic component. In many embodiments,
the anode layer 110 is biased to a positive voltage and the cathode layer
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with respect to FIG. 2. Each of the subpixels (42, 44, 46) is connected to
a common select (scan) line 410, a data line (424, 444, 4646), a Vdd line
(426, 446, 466), and a Vss line (428, 448, 468). The potentials for the Vdd
lines 426, 446, and 466 may be the same or different for the subpixels 42,
44, and 46. Similarly, the potentials for the Vss lines 428, 448, and 468
may be the same or different for the subpixels 42, 44, and 46. In an
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the source of the p-channel transistor 224 and the Vvdd
line 206. The drain of the p-channel transistor 224

WO g00g0em3ext ed to the anode of the |ight- em ttPeyUS2003/028259

el ement 100. The cathode of the light-emtting el enment
HiermaiveOembodievdre dthiepikdlecindait 300nes SBvn M FIG.I 3 coult be

SIS & Pl P B 58 ybifol i, e EO4A R, e
dight:amlttlngle@msnt fore smbmxel would 2 betwgernthe Yddline and
@&g@g@ gﬂ§erf'5pg?]£ s‘EuB?%ﬁ' transistor 224 is replaced

a second annel transistor 324, The ot her

eI ect retEseGin Pgsbsegrentiigyres.ynneidhe pixels descing e
QTIGtshE-LBmétyrUé oséd Eb@lﬁl Bethd ;blﬁél%l\ml% répfesdittied B¢ aMsisck

th 3ol ndRistanaRo i STbasimaas Gescritid ereion fed e

tdisplay, thidpixdls can 26 6vithid antasrayat A dwe- chmehhlendr airay of

trﬂ&tnﬁterﬁgf ri{s%ﬁacerb%lmﬁ\ﬁ'&_l?é{\es@%rm%i%ﬁ to%{) G4 of ee]eglfronlc

pI xe e use
Iteviog |A<f@¢laofdh§psmmﬂqanq1 istq mr@uedaomqgmltyWMeen

trBéFatlbﬁférH é!ehﬁéiht§ WRRIN@H ar gwﬁho@ﬁ @ﬁﬁn@ﬂg Rhe S|xe116r

E pi xel 46. Each subpi xel incl
Isi RixeL fireyit. ng el enent (420, 440, 460) and a subpl xel

dri verFI(428; 1ﬂlﬁ%ludeéﬁﬂti’étratﬁ&tsbf@%dtM|§u@ﬂt:é§bndrradfaflén-
Gl esg

anslobreiBitrsf50d e Eibiting ASANS PLUREE agfcd, 46,

i Galiboating: syslems rasy inaudenadiatidnesengisg aie)néntaewa\légmdes
%fé?ctb gw(af‘) ‘bgnﬁ‘cf}ﬁaétl&ﬁg@e% 481\@%5%‘% tha, éféﬁu?nts
WARVOOY %aelerqt%ssoagey coubination theeataya Bbge
@ep@lkét&%&ﬁi&i’atﬁ@forte'ﬁﬁ)&idlé@' \?iﬂﬁlﬁ ’cl:l]éz elec‘ﬂr%m@d@\né@ The
Srbrngswsleie 8%, Bokefu s Slaonrts devorbef 5§ msre detai n
FBgi 5¢hough, 1144, and 46. In an 14 WO 2004/ 023443

circ t’??%%d%ﬁag% R e R T

- nalibegting gystasm thafrineludes absilegitoni¢ device 50 and aaeparate

Qﬁ@l@ﬂbﬁ%’éﬁ&h@ﬁgnﬁng@ucﬁ?é[SHndTS%én’rl\ds%F%ﬁb | Xe?lfég Hﬁﬂ'db‘?ﬁce

68 inglade a pagsiationdayer qryuatachve shield, 653 Andran array that

f|$ gHesed mridwgfarﬁhfbhmmhg'olfﬁ pd@&ﬁﬁﬁ)&)eﬁabﬁ of ﬁiég?ixg%?bﬂ@é/n
xel s s

ot pdatiert s g RetroltG Bl AGpim ddandrcl B el Thesadb

depresebtddyes ef he dmaya Adubplrate, 50heveiieetie protedtive

Wy &%%OQ%@{ él%ls D4t V"PhéijH%Q&;\%@rh R’ n(ﬁ{céﬂ prdf@étrtfaé pixels

muni ca orma user

eﬁﬂé@%ﬂtf@r elecionicercuitst i eny, Bom wwognmtah hezardmor s
t&hémrmnﬁ)ﬁsq@o eRratth&LiMEi8lire Rdbé g, BfAdrt | N9

& e&em@%né“niwﬂfﬁfkﬁ?éﬁé BTN St 3D e debinge 500.
Nate tthatthe rddraruoaserﬂuttﬁmgr@lén@t a00 =RdisdtrEded ireFEBt B may be
%?l%ﬂtéoogu&ﬂha? rg‘élap& gér? yt?nr&ﬁgﬁ oesaenoOI evllaf/grs 110 and be
seen by a user of the electronic device 50.

The photosensor 52 may be placed in contact with or otherwise
adjacent to the user side 500. Notice that the photosensor 52 may be the
same size or larger than the array because its edges 522 extend beyond
the edges 506 of the array. The photosensor 52 may be a conventional
photodiode or photosensitive transistor that may include a p-n junction.
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the user side 700 of the electronic device 70 can act as a waveguide.
Unlike the embodiments of FIGs. 5 and 6, the waveguide 74 does not
have specific boundaries. Still, the effective edges of the waveguide 74
may correspond to portions of the substrate 705 extending from the
photosensor 72 to a location at or just beyond the array edge 506 opposite
the photosensor 72.
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t t | ect
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thi ckr}_e'%s (QGTQﬁP:ludés laoﬁlg}) vie oP {he er}ect? Ot WRVita%o tozbéi?é?
illustrate the positional relationships of some of the features of the device.
The edges of the array are illustrated by dashed line 506 and generally
correspond to the shape of a display for the electronic device 80.
Although FIG. 9 shows one pixel 504, the array includes a plurality of
pixels 504. Each pixel 504 may be designated by x- and y-coordinates.
The waveguide 84 has edges 842 that have corresponding edges 506 in
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§ray@é alsmgethei wanegpider i 046 ontill ibezaches thel senserssiD22.

Al hOLFQ@ Fl'ﬁncl%déé‘ Y’ﬁlllﬁ?ﬁ‘at@h)&ﬁ ge@gﬂothte?ﬁxﬁﬁtﬂ @jibrating
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Wik B08 BRstBERIe Heid P M558%i5H BABW S A8y e
Fabrication of the protective shield 1102 is briefly addressed. After
forming the pixels 504, a first portion of the protective shield 1102 may be
formed over the substrate 505 and pixels 504. The photosensor 1122
may be formed by plasma-enhanced chemical vapor deposition or
physical vapor deposition of a silicon material. The appropriate n-type and
p-type doping may be performed in-situ during a portion of the deposition,
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WO paoensi4ed es nmeasured by the photosensors,

phot osensors in FIGs. 8 and 9, a detected conposite
signal for each pixel 10 504 may be a sum of all

of those intensities, an average of those intensities,
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i st.rate
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praveguide to eomplete foromtios diithe proteetiver shiskddayet. tlaran 35
f M iMRtHRIdX %‘lé Rﬁ%seﬁs&‘ mhal P@ ria@&‘ b%f‘orUfSrmlng the

protective shield over
WR@IULde 505 and pi xel s 504 The phot osensor 1122

(rjmy beOthes mﬁld@Yoﬁ|n@§tﬁﬁd§6hééqg§hc§émt FBé p}éﬁ@ﬂﬁecli For

n .or sic Qr osition a sili.co
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have been previously described.

In another alternative embodiment (not shown), the anodes and
‘cathodes of the radiation-emitting elements may be transparent to the
radiation emitted from the pixels 504. In this embodiment, a reflector may
not be needed, and the photosensor or photosensor/waveguide
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TABLE 1
10 -0.18 -0.148 -0.19
20 -0.4 -0.332 -0.42
40 -0.86 -0.723 -0.9
60 -1.31 -1.11 -1.38
80 -1.73 -1.49 -1.8
100 -2.15 -1.86 -2.23
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-1.11[-1.68 80 -1.72.61.49(-1.8-2260 -2.|/15 - 1366
-Bxgiple2d WO 2004/ 023443 PCT/ US2003/ 028259 Exanple
shows that the configuration as illustrated

i n Fl dxamplgn3 shyaws, that the capliguration geiilustated in EISi% gan
fise used b mebBurRAGRiiAtRM RSty $F4710 x 10 passive-matrix OLED

display. A small portion of the light output from each pixel’s emission can
be transmitted to the sensor 72 through the waveguide portion 74 of the
substrate 705. In this method, each pixel can be turned on sequentially.
The advantage of this method is that the photodiode can be integrated
onto the same substrate as the display, which can simplifies the module
system. This approach should have sufficient optical waveguiding and low
self-absorption of the light by the light-emitting material.

Table 3 includes exemplary data from different pixels (Pixel 1, 5,
and 9) under different driving current conditions (iep). In Table 3, the
output current from the photosensor 72 is shown for each pixel listed.
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vy is the calculated intensity as measured by the photosensors;

ls22 is the intensity as measured by photosensor 822;

Is24 is the intensity as measured by photosensor 824;

leos is the intensity as measured by photosensor 826;

ls2s is the intensity as measured by photosensor 828; and

lo is a constant.
Example 5

Example 5 shows that the configuration as illustrated in FIG. 11 can
be used to measure radiation intensity for a 10 x 10 passive-matrix OLED
display. The emitting light from the pixels 504 can be reflected by an
optical reflector (mirror) plate 1160 back to the display panel and through a
transparent area between display pixels down to the surface of a
photodetector plate 1122. The photodetector plate 1122 can have a size
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I’\ﬁe"l\lﬁ et r-x—OL 30 dij splay. The .em tit | ng L ﬁhf

10 fE pleet pi xel s 504 can be reflected by an optl cal

refl ecé J’nﬂ? é ER(E\R/S m%ttﬁe Jd%@cglféi:lf ed fh %@fofjfh%pl ay

pane| anspar en ween di spl ay
m%nggraimm de@c:flh@d dy Ewam@leaﬁ 1% cq:mbe deed & adjusp pmels 504

Tétﬁrd?f‘@él@ﬂ@é Gﬁhﬁ Lfﬂb?gi'&f?@alﬁﬁﬂtl ;ﬂai b?@ra%%n
%{ 044185@ aagbe A S Rl A
15 may provide controller S|gnals to a divider. The controller signals
correspond to signals for the various pixels in the array. The data
collected during calibration may be read from memory (see Table 4 for
exemplary data) and sent to the divider. The divider can divide the
controller signal for a specific pixel by the calibration signal for the same
20 ~pixel. The quotient can be sent to a data driver to provide the proper data
signal to the data line for the specific pixel. In one embodiment, signals for
a row of pixels may be processed in a batch fashion so a common select
line for the row may activate the pixels 504 for that row. The process
continues for the other rows of pixels 504 in the array.
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293 xel . The quotient can be sent to a data driver to

provi de the Pro per data signal to the data |ine for
t he spg@Pffiee ion seheme cagibed hspntiedito the grving qusient.do
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Cxy is the correction factor for a specific radiation-emitting element;
Alyy is the change in intensity between a prior state and the most
recent state of the specific radiation-emitting element;
Alxy max is the maximum change in intensity between a prior state
and the most recent state of any radiation-emitting element in the array;
K'is a proportionality constant relating current to intensity for the
radiation-emitting elements;
Lxymax is the maximum intensity of any radiation-emitting element
in the array during the initial state; and
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(rmat hematical function) in addition to that descri bed
in Exanple 6. Also, Exanple 7 shows that a correction
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Ib|ghks dljtqﬁmr@tlfadh% display in the stressed state

1@81&8 whi ch appears as FIG 13. The map 1300
|nc udes urned in blocks 1320. A correction schene

can t hEr@mRle gemanstratesyet anolhergasmpensationtrouters
gd@m@n‘tdm@alemh@ﬁéﬁ |ﬁfadd'tﬁﬁmetortﬁé?(ﬂk§éc‘?iﬁe6€in Exan%lé@ 8%nidy.
0

Cx

Sy, O b e ke,
xstl*é(ﬂmdmgemthe.tylsblay wherein: x,y max Cx,y is the
C or re CIEI'G) My E[lﬂﬁﬁﬂfas aﬁqﬂlﬁstﬁaﬁﬁ)& eéf: tﬁe cﬁﬁl@%&lpgfyggrb !!llélﬁg'ated
plm EiG @tlam@nmma’um‘ewﬁrba pargial flaye diagramaduringf a chlibrating

shyssrafibs of Y AkLeBnRHMd %D, e|rﬁ"ﬁ§l2t swft\éﬁbsy 1 5’@%‘ b& 1562 4 are
In I ntensity bet
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3é ERrg@Uhted@atol Br BR&AreneSBRAgS {1AV Feonverter 1522, If the signal

from the photosensor is a potential, the integrator or converter may not be
needed. The voltage for a specific pixel can be denoted as Vy(x, y). The
signal passes through switch 1504 and a decision is made whether Vy(x,
y) is within tolerance. In one embodiment, Vy(X, y) may need to be a
reference voltage, Vi1, plus or minus a predetermined value (e.g., Viers +/-
4%). If not, the output signal for that pixel is not within the range (" no"
branch of diamond 1524). Switch 1502 may then be opened and a
changed calibration voltage (Vc(x, y)) is sent to the data driver 1520. This
iterative loop can continue until Vy(x, y) is within the specified range.
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The correction matrix may be stored in nmenory. The
correction matrix has correction factors of the

wWERooels348Dr the nost recent state of the 5 diBQi/Eg2003/028259

10

15

20

25

30

35

The correction matri x can be used to correct _the drive
cur r enAfter thel Vigr, ¥)ds evithin folerahce Aheasttesspoadingdehlidrating

clorplogtiob i SRS biePbaZ VAR, cafi R SfieRamtfry g
dlélu@tr@tedue bldakr1528: Phepracesa contineeswitba determination
wﬁeﬁhera iNeld 56% Rave B/éé%rceéllﬁr?t%Q )SH?érrYond ?}@42)‘ 3 n éjt]' tHe?

current v rray constant for a | S ‘exa
| PhoCeSs:CoBHIUAS Y CHRNGIB d@ HiesReXtRIXGIAPR aslystzated n Block

COBGECIfitINg igtHd fipst limie Al thiel fext bikel @Mé@gar@nduwme

1400 t od d

f e CHipEACnRe s REE e R {95 el e bsed as shown

bby biedki1b66eXf any téadihgbls been madh@forathelrfea(t:ps(el 504 during
t

RS GBI BoB B HER StefT I WK ppened as

akﬂustfa’f@d hyd)loﬂatl 588és Simbartoithe ma@trmx@éiw andterative loop

DO o ST P Ui S

eRcd h@!é@ sd1eve hagn salibraiRadryast orangh %Mtam@@ds Zanthe
| CAlibsaticr i%dlnlsﬁed::hﬁ?d sﬁllt{:h\a§ 1’5@4 aat 11502Will fbeao;iéh"édl al

fl
bl oct ¢ b 1R Bt SMleroridtptions oSt R lepRsB o b 15
15@¥ ber perfarimexkily cigoiitry hwthﬁotha/\elbbtromrmjewmel 53, adithin a
d

e gé*’éolisb“?éd P GaRuGSh sfuteth, STeMEth computer
staot éhowebzor & @Jm an dherepi; eAﬁqumdmm&lsjaw@mﬂnatmr
1§aﬁbopaﬂ|s§ﬁ§@ ﬁrédlﬁﬁathaﬁt‘hlé‘is jeResHd biseie¥dl pot&ijaM thi n

CAIBratng obfvatinhs Tiat.ean byt Zﬁéglﬂctra%&q@ewces as

V\mwylblede @léatly, cﬂhepbaltmamrgsoper@ﬂon§ gﬁe sboeaiplatedraridy@ay
PR LSS Shle Yoty BRT 9G8R il Brdfechyf 1AFIEe 1aetof

| lhompgereitynial thefdigplay ban pronade higher ios lewgrotisply by |,

tl'%%dlfﬂhs Qﬁé‘ﬁcﬂéré?{cel‘i?'lqﬁ%rﬂe?érﬁﬁ@é( VB@ég@e needed. The

specC I Xel can e denot ed as VO X
y) Thlé G.gf ngsluq?fgm@uﬂrﬁtmmf theielegiromipdeviag 59 and the

dl@ TR d@rlﬂgiﬂl\@ r‘é@@tehgﬁoﬁl@é%ratlb@) bﬁel‘étlbﬁ'dﬂthe electromc
era one

85668 BB S A ueS Bt aidaiTel, ior G erinmiBinds G fotm'St

pslgnlalsenay bedenttaa dﬁ&play contratie® 1602. A¥e. displagaontrother

(rblncrgfl 3ol 3 s\, roR Bap el o A IORRRE

b@djuﬁfmga@gmw ih162hafecalibratipgaitege o thagpecific(pixel,

ly\)/e\, (xiyd cafde Féédtﬁ’&n%él%oéf l‘é@ﬁnéﬁaﬁto tﬁa'lé%lc L{?‘ﬂr fid2V erhe
00 tinue un
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the data driver 1624. The signal can be within a range of approximately
ten percent of a value calculated by taking the product of Vs(x,y) and
Ve(x,y) and dividing the product by Ve, which is a reference voltage for
the array. The data driver 1624 can apply the appropriate signals to the
specific pixel at location x,y within the matrix. In one embodiment,
information for a row of pixels 504 may be processed to provide signals to
data lines for the row of pixels 504. A row array strobe can be used to
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After the Vo(x, y) is within tol erance, the
correspondi ng calibrating voltage for the specific

wW@erooel2B@®!, Vc(x, y), can be stored in nmenory BGT/US2003/028259
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t o 26 Many other embodiments are possible beyond those previously

described. Theoretically, the radiation-sensing elements or optical
couplers may lie at many different locations within an electronic device.
For example, the photosensor(s) or waveguide may lie within an
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ttiree oeegdad fen ealibration:.i ng cal i bration, or 30 both. The
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the drive during ca Ion tor~a sp ec
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Salphur@ﬁy beWatvegﬁiﬂeB lﬂﬂeieﬁshﬁé‘célﬁ‘ Be%é%ﬂagﬁ]eq&g?é Ges may
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compared to the pixel-by-pixel measurement scheme.

Signals used for measuring or driving the pixels may be performed
by using current, voltage, or a combination thereof (with the use of
conventional I-V or V-I converters). Current dividers may be replaced by
voltage dividers, and vice versa.

The concepts used in the embodiments are not limited to radiation
within the visible light spectrum. Other radiation, such as ultraviolet,
infrared, and the like, may be used with the emitting and calibrations
methods herein.
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For exanpl e, the photosensor(s) or waveguide may lie
within an 27 WO 2004/ 023443 PCT/ US2003/ 028259
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walvibguieddy infinitesmumabesobdiffetemt mettioddlbgiescansheduonsdliyat
?ﬁélr‘?bé hRegs nli pahe&ﬁ %EQEuﬁérﬁé&é %ﬂ?ﬂ% b&ﬁl‘s*h%%é‘l?éhe%naf
nbgsed @n Hioaqme@ﬁwgmntsh%e\wwgwwg ar@ﬁdjt@m footllow
Oh'émbgénélﬁﬁoﬁhfe@ﬁélty lawﬁdﬁwth@aéukélw tIﬁé‘aerVeTﬁbWéplé)V‘lor?ks

everé/ her ro0 P{ ? neasured at the sane tine

t FICEE HARRfER an%qp,peg N$Q2aHF€BO pixel matrix for

exanpl €he cektzating gperatibnmagy he prforarseat fwarllyiargtitieres
SHr

COBRRIEO, b 05 8y eSSl csflog B SRR gBhed

belepsenigciretitryty costan@ecbmthmn ele@tmagzede\me dhe calibrating

Copdranah | @g@ﬁefmé&@ &gm93aecé1fbraﬁ<9ﬁ‘ﬁﬁﬂr &rﬂe I N

or V-1 convert ders nay aced

b§lectgnic davicge @thﬁrwaes thea%l'mi@w FEyRe P@Fﬁém&ﬂwwg bes
usxidrrial abparaaud ahilsRoupledr 6r difinetidt foetfieteledtisHidtiédbe.

In the foregoing specification, the invention has been described with
reference to specific embodiments. However, one of ordinary skill in the
art appreciates that various modifications and changes can be made
without departing from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense and all such modifications are
intended to be included within the scope of the invention.
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within the visible |ight spectrum O her radiation,

such as ultraviolet, infrared, and the |ike, nmay be
wais@d/owd4th the emtting and calibrations net hpdBUS2003/028259

herein. 28 WD 2004/ 023443 PCT/ US2003/ 028259 For a

ful | - cBenefitdj eflenypdvahiages) afd sblutionp topesbléms Maye bRen

r [ ) otgntially for
CSEEAHLER ARhehy S SpecRESkh R, Hoy@ler, the
chenefita adaniegesh sopsiohs topioliiemseanth anf eléraentis othat ofay
t E&Jsééﬁg\g b&Raft, égvé‘nta%é,e&* sdhitfito Ghr B BRLonRRLRE
measur enent may be taken 5 to ensure proper color

> pRCAEBCHE AR BRt tonke samsiryad as asrilieal, erquings, or essenial
(featureqsr giémentof any 6fall tHeeglBim®r bl ue) . Addi ti onal
measurenents may be taken for binary conbinations
(red and green (no blue), red and blue (no green),
green and blue (no red)). In still another alternate
enbodi nent, if a pixel requires too nuch 10 potentia
or current to operate (above a specified limt), that
pi xel may be turned off to allow sufficient current
or potential to reach each of the pixels. 1In this
manner, substantially all pixels are still being
adj usted al t hough one pixel in the array may be off.
Benefits may accrue to users of the electronic devices
and 15 calibrating systens. The enbodi nents and
nmet hods descri bed herein can be inplenented w thout
changing the pixel circuit. This sinplifies
i ntegrati on and does not conplicate design simnulations
when different materials or geonetries are used for
the circuit elenents within the pixel circuit. 20 The
nmet hods are highly flexible. Many different
conpensating schenes can be used. The ones descri bed
herein are nerely exenplary of the nearly infinite
nunber of different nethodol ogi es and equati ons t hat
can be used. In general, neasurenents fromthe pixels
are taken, and based on those neasurenents, the drive
signals are adjusted to allow 25 honogeneity of
intensity anong the pixels in the array. The display
| ooks nore uniformand appealing to a user. The
calibrating operation nay be perforned at nearly
anytinme desired by a user of the el ectronic device
50. In sone instances, if all electronic circuitry is
contained wthin an electronic device, the calibrating
30 operation nmay be perforned by selecting a
calibration node on the electronic device. O herw se,
the calibrating may be performed with an externa
apparatus while coupled or connected to the electronic
device. In the foregoing specification, the invention
has been described with reference to specific
enbodi nents. However, one of ordinary skill in the
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Accordingly, the specification and figures are to be
r ddeatdedlaimedns: il lustrative rather than a restrictive
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critical Theleeﬁactrmdc demce&ﬁ@l‘ﬁmv% 2wtg%@torum2 st GrimEst
t

B slnRe s e G and 8 s Ad PPlBF Sy tne.

el ect rnilbeddottranic depicesif etpimal fwhereircihecasicond cwcuiéI is
i nt; and a

gé’cﬁecﬂﬁonlg§ (‘t:c|5‘r9 Crgfe’réﬁ’é H‘B!r)flé;hl’u@mﬁet éﬁ@a%erngla‘ atmexﬂﬁll‘ége ol reuit

el enen?-, Ths &lgeirenia d?M'@erOéﬁladﬁ’“l ‘bﬁNE%fﬁm he réd@ﬁr@ntsangmg

neifcupesiermet cbmptises b ghotédiblle. 2. The el ectronic

coupl & T5Eedtatiic ABHiee L alali. witreli S Totliatiamsensing
3circhitecarhprisasom pbotbdnansistaf cl ai m 2, wherein the first
Second pang ILGaHiE dEORBIGRYichf) PGB0 sBrsie
ofl emeé\'tpl'ﬁ not Qlﬁ@tfléa eornestedinithe firstgirclits  coupl ed to

a fEf%eﬂ%eelééﬁ&ﬂ&'d%blde'db‘?n@{%sa sense anplifier. 5.
The el ectronic, .devi ce of cla n]ﬂﬂg\/\herel n the
rst b

r adi at? JFEtLadiation; e"@ﬂ'{“&Lﬁ emen WitBiRs pixek and
phot oda ekt ra@latlaﬂﬂeeﬁbmgtdl@meﬁt & 6ensingfragiafibMemmitted from

DR b vebtioh i GieB T Bflprsly e i aciifoTEpesing
vﬂemnhlleﬁeutsadnﬁtemnelseny ng elenent is not
el ectrg C?hb?é%cﬁfﬁﬁ?&&&ﬁcé Of Eféﬁnféf l'\/\ﬁ{etrgi’nr’cﬁéI st rBdiafiBn-

el ectronjc
r $NSHY 6wn&ﬂtﬂl@s@gaéomsel9¢tﬁg fignechi n a pi xel ; and

20 a fbét%ehatﬁeﬁistqad@ﬁameﬁgnmgeérs gi 8hd %?é‘aé&gsnde ofthe
e}dlatlon emtted from the first lation-emt

§EREQRIC %Hlé’leef"ﬂgt he first radiati on sensing el errent
| i es dattherfrorhihepiseelsidedof thbeladteric asvice deripzredio the

th@{ lrgd?atlo\ﬁh&'hﬁ %@i%%rgrst radi ati on- sensing el enent

a |l oca tted from
10. The electromc device of claim 8, further comprising a

waveguide, wherein the waveguide optically couples the first radiation-
emitting element to the first radiation-sensing element.

11. The electronic device of claim 10, wherein the waveguide lies
at a location selected from: 9

between the first radiation-emitting element and the user side of the
electronic device; and

farther from the user side of the electronic device compared to the
first radiation-emitting element.

12. The electronic device of claim 10, wherein:
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25 between the first radiation-emtting el enent and
the user side of the electronic device; and farther

to the first radiation-emtting elenent. 10. The
el ect r the eledtrohicedeicecinglues a ;.f)luréllﬁ)@bf ﬁaﬁ‘ﬁﬂdrﬁéﬂﬂtlﬁg

r BRI Ao R ER 0 bler Rt piBirPar Srray”
radi at mmaﬂ’éhbaﬁ@neareageedge 11. The el ectroni c device

of cl a4 d8ve ngﬁﬂé*ﬁa% g \W/%v i§8 @d@?aa{gﬁ%%nt% ik %ﬁ-ﬁgtebgg

sel a;t ed fro bet ween th I rst I on-em
ePBRent and the user side of the 35 electronic

devi cethefi@t Fatiidti-sénsIng eenernas céhﬁéct@fi t6 #%e waveguide
el gé%ronl c device conpared to the first

tion-emtting elenment. 12. The el ectronic device
of cl ailth The elbetrenio devidk BIARN10, G2Rrbh:

CT/ | d
T BB e 58 LY ARG
t ﬁl@meﬂt& inglyding therfirehiiadiction- %émelemartthwrhhlaramanray

the ar{iRyaha héQa?fra Bedye; the waveguide has a
vvavegu# de ed ? gentg%tgo the array edge; 5 and the

first Mgvay %Hg§@ﬁ§|Wﬁj’eQPM9¢%a éﬁﬂ@ctpéhetaérab’lﬁiges

waneégui de edge. 13. The electronic device of claim

10, wh t tronic device inclu

pl ur al gtp?u@'tyr(g‘jﬁgaﬁfgﬂ SERPE; f;mfﬁtsel ﬁ%g the fiestydi ng

t reeilatimksemssmlg ataroenteis ¢arinegtes] ontbetwawiguideedgesar r ay;

t hee ar 14y ThRI8Ldic BEYRS: of‘cl?agmvk?m%ile%eth%gﬁﬁﬁ{@éfaﬁ@hde
itHipg &Jlﬁ@%wsls Mgt @le@mﬂlly connect@duta@m fiest radigtion-sBnsing

rg@mgnton sensing elenment, is connected to the

e OB S e S AL g B

eemiting elrhgntie mot eleetridatly icbepledristihé fititabdiatios SRERY
%] Hféﬁ(t 15. The el ectronic device of claim@8, wherern
t st radiation- 20 emtting elenent is not

el ect r1@aAnelectipniedevisetdoenprisest r adi at i on- sensi ng

el emenj fwé@adéﬂoﬁ'e‘ﬁ‘ﬁftfn%lél&r_n@ﬁﬁ' ce conprises: a first
radiation-emtting e nt;
a waveguide; and
a first radiation-sensing element, wherein the waveguide optically
couples the first radiation-emitting element to the first radiation-sensing
element.
17. The electronic device of claim 16, wherein the waveguide lies
at a location selected from:
between the first radiation-sensing element and the user side of the
electronic device; and
farther from the user side of the electronic device compared to the
first radiation-sensing element.
18. The electronic device of claim 16, wherein:
the electronic device includes a plurality of radiation-emitting
elements, including the first radiation-emitting element, within an array;
the array has an array edge;
the waveguide has a waveguide edge adjacent to the array edge;
and
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a wavegui de; and 25 a first radiati on-sensing el enent,
wherein the wavegui de optically couples the first

radi ati on-sensing element. 17. The el ectronic device

of cl athe fir6t rastaticri-seridiey vlnegntiisieohhested 3 tive Waveguigs
sg ted from 30 between the first radiation-sensing
e

‘nt and the user side of the electronic device;
and f at®hdhefelectranie degiee ofictkemat6, tvieerelnect r oni ¢

devi Ceth“eoél’gélr@ﬁ#cto%vwé‘?nclfjb%g eé/lé‘rdcillﬂl lor'é]d?‘a‘?f&ﬁ' %ﬂlttlng

el enment he el ectronic

whlemanis, inglugding tapdirstradiatiopeamisiing alemenswishipiar aray;y

of radihetaresy ﬁggb}mg@dg@genents i ncl udi ng the f| rst
radi atjon-emt n_arr.ay

el
array hxsVaye %'Yj%&aédffé/n%gf‘wg %Sﬂfjég?ﬁ%@em\tatg the @H@é!@ﬂg@&
edgeé adj acent to the array edge; and 32 WO
2004/ O 9 . :
radi at F SRR sRAong Yshefis lfibdng e firt
weadkiafidndsensieg element, sironaleetad torthe veameigtideoedgesai m
16, wheg, erl'ﬂg dibaraie %{ne@'o‘f c%ﬁr‘ﬁ' ‘EE? é/*/ﬁb?rlam% fifst rad igtion-

pluralit radi at1on-emt
t fRIItHNG slerent campiisasH tr@nﬁ@ar@néﬁ@we a0 @ iransarenty ay;
t&sthadeay has array edges; the wavegui de has wavegui de

d ' h d | ity of
oot a7 bn A dEouing ab Bledific HonEe abteing ' 1
radi at planingem sadiaticnt-sensing apparaiusadjaeent o 4 bser side of the
V\%’\ée%higedeﬁp&ﬁt 20. The el ectronic device of claim

erel e first radiation- emtting el enent
conpr i 3eyaing radiaian-emittingoriements withinaarspeaagnt

C at ho dtfhea%&rm@m’@ﬁélﬁé’s 6f radtatieh ARitRIcSFManE Fadisiobse

5 pléfieds, Bbpfein Mishsirna & patadned He biodes redation-

as:énsmg apparatuk;andon-em tting el ements within an
7Y o 100 T SO0 bl BN BT 6 e
nefiberdlegjronic devicerafted mesisugnghe radi ati on- 20 sensing
appar %?STh@We§1%HW'cl;£mtﬁ fﬁﬁﬁéﬂdrﬂﬂnéﬁ&%hgﬂgmg values of
appar at us awa

signals provided to the radiation-emitting elements so that intensities of

radiation emitted from nearby pixels can be within a range of

approximately four percent of one another.

23. The method of claim 22, further comprising storing correction
factors corresponding to the changed values.

24. The method of claim 22, further comprising displaying
information on the electronic device using the correction factors, wherein

"/displaying information is performed after removing the radiation-sensing
apparatus.

25. The method of claim 21, further comprising displaying
information on the electronic device using the correction factors, wherein
displaying information is performed after removing the radiation-sensing
apparatus.

26. A method of using an electronic device comprising:

placing a reflector adjacent to a user side of the electronic device;

activating radiation-emitting elements within an array;
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elenents so that intensities of 25 radiation enmtted
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n?&h%mﬁ 6ﬁfﬂee&58froﬁeld%9ﬁ:%tu§|ﬁg ﬂwdé‘&?rrretﬁloqmefae{oré Réherein

ectroni c devic

eqi'éﬁlaym ifarmatioaris aerfasme@gﬁwemgwngimwlector

PCT/ USZ@03h@3’ﬁ8151%d dTQﬁéinQ@guﬂHéﬁétﬁhbhﬁﬁgQﬁsmé‘ﬂh@t ion
mtte i.atjon emtt wher.ei n

c Briiiation St e biGiE et Hegustlio Rtore B
adisplaging infornfationde pesforred Bfteheembeng tios refledtor, ce;

d d f
The i 20y el oflaRe bR oy dtfbhic B8bE Brii3Bingy, C° ©
met hodaeivaingiradiabon{emittingrelemepis withip ahargying val ues
of si Efé%%ﬁnﬁ%ﬂﬁéﬁﬁﬁeé 8f Fajb‘i‘atfo%‘fjérﬂtteg!”r@rﬁ‘thé 'ré”&atnon-

el enents so that jntensities ation emtt

f PRVHING glaspents during amoskregenh state r ange of
appr oxdetetmimng edfregifsreRictors forothe rédié&lbﬁfemlitmg?&em'gh@s

b e fodranreglattors hrECHB idelidnfipfeiertent i a

ctunctioniofin factors, wherein displaying i nforrratl on is

per for %ﬂﬁgéé?'{ rr{’( |98 o rﬁﬁdfs‘féﬁ%randz’&e MBSt FELAPY

of claim er “conpri si

tﬁﬁﬁthe&pagﬁlqrﬁdlaélpa@m@ﬂgcel@mﬂr&e usi ng t he
cor 1 ech infakifman] eﬁéngémﬂﬁ@n@.t b@w%ép{rf%m été‘lfeoéﬂ"épﬂw'eon

RREEPBN SGta gt ahy HstabAMae HeBotthe A
act i vahinmgximaeh imtérmityefianyiragiatibasemitting/éleiient &nthe array
SBURG T GRIhg e £ 3, of rach ol o el
r ecent aginineym intensity of any radiation-emitting element in the array
during the most recent state.
31. A method of claim 30, wherein:
the radiation-emitting elements are location within an array oriented
in rows and columns; and
each of the correction factors has a value within ten percent of Cyy
calculated by the following equation:

ALI
C. =—2 xK(L

X,y

), wherein:

x,ymax xymm
X,y max
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function of: a change in intensity between a prior

state epgdidthe coreiction dadtor fopttné epetifit radiahesehiiging
%@Qﬁéﬂton emtting elenent; 25 a maxi num change in

ty between the prior state and the nopst recent
st at e Ak aisythe ghange imindendityi bedweée tiea prionstateand they most
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of claim 30, wherein: the radiation-emtiing elenments
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‘AP BBREE™ O X "5, cal culated by the
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aedrrééteu %igmt@mé §pét§hc @&é’fﬁﬁtemnuﬁé;@le%érﬁyw%fém value
pri or mn |s
Ee f@ﬁsﬁqrsﬁ %lﬂ@a?%;ﬂ slﬂae fﬁre P6M3|Hﬁ§tf@r #gaselinengigpalignd the
t?@'riedftromyfa?w‘rIf@lgthb@eﬁﬂ@tradi%\@l@ﬁierﬁ"tt&igeeleﬁ%nt The net hod
of cla r.co n [, OV.i
corr ec#qui&msmé&e st"?ﬂeg@r% tﬂ%‘%ﬁ\ﬁ'f’?ﬁp r'éfﬂghl ng

el enenactivatiogeadiation-emitingodlemeatcwithiecaredrray,gnal is a

sum of })é%BHﬁﬁg E%Br%?%ﬁ%%ﬁﬁ 51 ﬁ'éqjadf’elﬁgn%ﬁfh&%éémemg

met hod nprising provi
c@@ﬂ'@ﬁ:@éﬂoﬁl@ﬁ%ﬂ“ state; he speci f| c radiation-emtting

el errenaetewhﬁfgg? Bo@e&tﬂirpﬁéctd?& fémeqaaraﬁshféﬂn.ﬁir@{;@bmeﬁt@

CBPREIR e cpitEetin tesforolea Speeine Fadiadon SIS SIPTE NN 2
efwn:ﬁom of the calibration signal; and

determining data signals for the radiation-emitting elements,
wherein for each radiation-emitting element, the data signal is a function of
an input signal and the correction factor.

35. The method of claim 34, wherein for a radiation-emitting
element:

the calibration signal comprises a drive signal that drives the pixel
during the most recent state; and

the data signal is directly proportional to the drive signal.

36. The method of claim 34, wherein for a radiation-emitting
element:

the calibration signal comprises an output signal from a radiation-
sensing element used during the most recent state; and
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34. A nethod of using an el ectronic device conpri sing:
activating radiation-emtting elenments wthin an
wa@eeoap234easuring a calibration signal for thePCT/US2003/028259
radi ation-emtting elenents during a nost recent
st at e; thadatatsigrdl is ingefsely pripoptioriahéd tHesollitput sianal.
radi ation-emtting el enents, wherein the correction
factor for a specific radiation-emtting elenent is a
function of the calibration signal; and determ ning
data signals for the radiation-emtting el enents,
wherein for each radiation-emtting elenent, the data
signal is a function of 30 an input signal and the
correction factor. 35. The nethod of claim 34, wherein
for a radiation-emtting elenment: the calibration
signal conprises a drive signal that drives the pixe
during the nost recent state; and 35 the data signa
is directly proportional to the drive signal. 36. The
met hod of claim 34, wherein for a radiation-emtting
el enment: the calibration signal conprises an out put
signal froma radi ati on- sensing el enent used during
the nost recent state; and 35 WO 2004/ 023443
PCT/ US2003/ 028259 the data signal is inversely
proportional to the output signal. 36
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