METHOD AND DEVI CE FOR MANI PULATI NG COLOR IN A DI SPLAY Field 5 The
field of the invention relates to ntroel ectronechani cal systens
(MEMS). Background M croel ectronmechani cal systens (MEMS) i ncl ude
m cro mechani cal elenments, actuators, and electronics.
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configured to be positi
invention, its more prominent features will now be discussed briefly. After considering this

discussion, and particularly after reading the section entitled “Detailed Description of Preferred
25  Embodiments” one will understand how the features of this invention provide advantages over
other display devices.

One embodiment is a display apparatus. The apparatus includes a plurality of
interferometric modulators. The plurality of interferometric modulators includes at least one
interferometric modulator configured to output red light, at least one interferometric modulator

30  configured to output green light, and at least one interferometric modulator configured to output
blue light. The red light, green light, and biue light combine to produce said output white light
having a standardized white point.

One embodiment is a display apparatus. The apparatus includes at least one display

element, the display element comprising a reflective surface configured to be positioned at a
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and means for partially reflecting light. The means for reflecting light and the means for
25  partially reflecting light comprise means for modulating light. The light modulating means is
configured to interferometrically generate white light characterized by a standardized white

point.
Another embodiment is a display apparatus. The apparatus comprises means for
reflecting light and means for partially reflecting light. The means for reflecting light and the
30 means for partially reflecting light comprise means for displaying. The displaying means is

configured to output white light characterized by a standardized white point.

BRIEF DESCRIPTION OF THE DRAWIN GS
Figure 1 is an isometric view depicting a portion of one embodiment of an

35  interferometric modulator display in which a movable reflective layer of a first interferometric

&



configured to output white |ight characterized by a standardi zed
white point. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an
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Figure 7 is a side cross-sectional view of an interferonetric
modul at or i IheEA YR e SpPF ediE St hs t hrough the modul ator. 20

Figure 8 is a gr apicealis dirag kaafidd dfkiéstiator prigulehe spectral response of
one enbodi nent that includes cyan and yellow interferonetric .
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graphi cal di agr afigre| s PaF P FeiRR ok peley 2liemare,upedimgpt fpa interferometric
enbodi ment paukieat i ncludes green interferonmetric nodul ators and a
“magenta’ filter Fxlggr%%ris at s?dcezl;oggge%t?on\élmviigweof alll }nge?fter'ometric modulator illustrating optical
paths through the modulator.
20 Figure 8 is a graphical diagram illustrating the spectral response of one embodiment that
includes cyan and yellow interferometric modulators to produce white light.
_ Figure 9 is a side cross-sectional view of the interferometric modulator having a layer of
material for selectively transmitting light of a particular color.
Figure 10 is a graphical diagram illustrating the spectral response of one embodiment
25  that includes green interferometric modulators and a “magenta” filter layer to produce white
light.
Figures 11A and 11B are system block diagrams illustrating an embodiment of a visual

display device comprising a plurality of interferometric modulators.

30 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Various embodiments include displays comprising interferometric display elements that
are formed to produce white light having selected spectral properties. One embodiment includes
a display that produces white light using interferometric modulators that are configured to reflect
cyan and yellow light. Another embodiment includes a display that produces white light using

35  interferometric modulators that reflect green light through a color filter that selectively transmits



Figures 11A and 11B are system bl ock diagrans illustrating an
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reflects a [ar
conﬁgured to reflect predominantly at selected colors, allowing for a color display in addition to

black and white.
Figure 1 is an isometric view depicting two adjacent pixels in a series of pixels of a
visual display, wherein each pixel comprises a MEMS interferometric modulator. In some
30 embodiments, an interferometric modulator display comprises a row/column array of these
interferometric modulators. Each interferometric modulator includes a pair of reflective layers
positioned at a variable and controllable distance from each other to form a resonant optical
cavity with at least one variable dimension. In one embodiment, one of the reflective layers may
be moved between two positions. In the first position, referred to herein as the released state, the

35 movable layer is positioned at a relatively large distance from a fixed partially reflective layer.



portion” of incident visible light to a user. Wien in the dark ("off’
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separation distance) as illustrated by the pixel 12b on the right in Figure 1. The behavior is the

same regardless of the polarity of the applied potential difference. In this way, row/column

30  actuation that can control the reflective vs. non-reflective pixel states is analogous in many ways
to that used in conventional LCD and other display technologies.

Figures 2 through 5B illustrate one exemplary process and system for using an array of

interferometric modulators in a display application. Figure 2 is a system block diagram

illustrating one embodiment of an electronic device that may incorporate aspects of the

35  invention. In the exemplary embodiment, the electronic device includes a processor 21 which
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21 is also configured to communicate with an array con
I n one enbodharegiristics gEFigure éythem/%lﬂm@cm@@nuprcheb@s badq*sw%ﬁuph/@m during
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pi xel array 30. Thé ‘cross section of the array | ustrated in Figure
1 i s shown 9fakoniell|vpligeandpixplsithpt mp glheéclgasedmmcxmmmaﬁ?l&ge differsace of ¢ose to

25  zero volts. After the strobe, the pixels are exposed to a steady state voltage difference of about 5
volts such that they remain in whatever state the row strobe put them in. After being written,
each pixel sees a potential difference within the “stability window™ of 3-7 volts in this example.
This feature makes the pixel design illustrated in Figure 1 stable under the same applied voltage
conditions in either an actuated or released pre-existing state. Since each pixel of the

30  interferometric modulator, whether in the actuated or released state, is essentially a capacitor
formed by the fixed and moving reflective layers, this stable state can be held at a voltage within
the hysteresis window with almost no power dissipation. Essentially no current flows into the
pixel if the applied potential is fixed.

In typical applications, a display frame may be created by asserting the set of column

35  electrodes in accordance with the desired set of actuated pixels in the first row. A row pulse is
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changed to correspon to the desired set. of actuated pixels in the

second row. Asuped mEels ae pongRtlesys jBagr e gmiting the fgme Nupteated i Figure 46+ thapixely

the approprda@bdinRhyits ahdlinR¥edm| 1@ amr;e%dsm@e Noltd) ab 181 BS SRk dre at +5
colum el ectrodes. The row 1 pixe are unaffect ed by the row 2
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refreshed and/ or lupddtigtr #itffrosepixels §7p1r)a91 %afﬂz)’bQ %@h‘i (hilatre getuated. To

accomplish this, during a “line time” for row 1, columns 1 and 2 are set to -5 volts, and column 3
is set to +5 volts. This does not change the state of any pixels, because all the pixels remain in
the 3-7 volt stability window. Row 1 is then strobed with a pulse that goes from 0, up to 5 volts,
30 and back to zero. This actuates the (1,1) and (1,2) pixels and releases the (1,3) pixel. No other
pixels in the array are affected. To set row 2 as desired, column 2 is set to -5 volts, and columns
1 and 3 are set to +5 volts. The same strobe applied to row 2 will then actuate pixel (2,2) and
release pixels (2,1) and (2,3). Again, no other pixels of the array are affected. Row 3 is similarly
set by setting columns 2 and 3 to -5 volls, and column 1 to +5 volts. The row 3 strobe sets the

35  row 3 pixels as shown in Figure 5A. After writing the frame, the row potentials are zero, and the
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cavity and thus of the interferometric modulator 12. A peak resonant visible wavelength, A, of

and any

the interferometric modulator 12 generally corresponds to the perceived color of light reflected
by the modulator 12. Mathematically, the optical path length d is equal to %2 N A, where N is an
integer. A given resonant wavelength, A, is thus reflected by interferometric modulators 12
30 having optical path lengths d of 2 A (N=1), A (N=2), 3/2 A (N=3), etc. The integer N may be
referred to as the order of interference of the reflected light. As used herein, the order of a
modulator 12 also refers to the order N of light reflected by the modulator 12 when the mirror 14
is in at least one position. For example, a first order red interferometric modulator 12 may have
an optical path length d of about 325 nm, corresponding to a wavelength A of about 650 nm.

35  Accordingly, a second order red interferometric modulator 12 may have an optical path length d
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nodul at or 12ntﬁ'@]oxﬁ‘eamnodulator 12 shown in Figure 7, as hght travels along the off-axis path Aj, the
light is incident on the interferometric modulator at a first angle, reflects from the interferometric

modulator, and travels to a viewer. The viewer perceives a first color when the light reaches the

viewer as a result of optical interference between a pair of mirrors in the interferometric

30  modulator 12. When the viewer moves or changes his/her location and thus view angle, the light

received by the viewer travels along a different off-axis path A corresponding to a second

different angle of incidence (and reflection). Optical interference in the interferometric

modulator 12 depends on optical path length of light propagated within the modulator, d.

Different optical path lengths for the different optical paths A1 and Aj therefore yield different

35  outputs from the interferometric modulator 12. With increasing view angle, the effective optical
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particular, standard white points D55 Dgs, and D75, which correlate with color temperatures of
5,5000 K, 6,5000 K, and 7,5000 K, are standard daylight white points.

30 A display device may be characterized by the white point of the white light produced by
a display. As with light from other light sources, human perception of a display is at least
partially determined by the perception of white light from the display. For exampie, a display or
light source having a lower white point, e.g., D55, may be perceived as having a yellow tone by a
viewer. A display having a higher temperature white point, e.g., D75 may be perceived as having

35  a “cooler” or bluer tone to a user. Users generally respond more favorably to displays having
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viewer as a result of optical interference between a pair of mrrors
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interference n the interferometric nodulator 12 depends on optical
pat h | engt h @pvifles geme qoplEN) atraR &t Wil STRiPPPSe et dinpldt Brmlndimegts of Py infegfprametric
optical pat hm{)nﬁlﬂ% hSa ﬁrmatyrﬂ)g %Ilr@({ ﬁrﬁ}odgcguhﬁ@ilg]@ﬁltmclﬁhe wind p@igt is selected
therefore yie different "35 outputs fromthe interferonetric

modul at or 12t catiferm t pstarsiardizadwiileapinbimgrenc erroredntieipatiddighisrdorditions.- 9
path of the intenrfarofpkrig bt @yl de 4861 6ARL90 AGCRALALRG 0 o

rel ati onship 2d c‘g@{e E&tt Wﬁ'lgre ’s %ﬂ) Vi eﬁfanqﬁe%t Fl]egaonp o Mo
bet ween t he mrorfmmettl@mpﬁéatm é%)foayachmelt Her ¢xampldeintond ¢rpftediment, Wftpfxel array
| ncreasi ng VoG iaohiels biFospCatsed, BRAN AR oIHEIEORA: Abadifs 12l BCAG
light is decjrogizgéﬁ’;}{i‘J lLl e ftk?ougr tﬁe?ﬁfore percel ves td| é‘renst cl(;‘1L ors
dependi ng orebpyesthy rCOlh@ r0f e g!ll@ffmmﬁmcelwduh@md@sféw Q@éﬂlc@ieda‘bf(ﬁ@@cnﬂg tlegoptical
phenomenon i thrl B d RhebiR BSidd of §2LO% lsmafdhmon TRipgta l&?cliﬁibé grt)pdrlﬁ)ns of
typically i ent| i'ed With reference to a col or produced

i nt er f er Bhetthd eolqmﬂraﬂlw%by qazh pirelrin WeahsHaredy GA gnay the furgig #femd bynhe relptive

consi der at i qPpdcfvel &is SE Sl Ble iRtk BRéEN T h%ﬁ(&@iz’%' an &h@trS‘J fg&EIPGFJ bibe
nmodul ators 12 1s the generation of white |1ght te"

general |y rdfterfesomari¢ mgdilaterindd. Fathgie becetisy di ’b‘;ﬂula?‘i’é? 1215(91e ﬁe@y@n@@m
i ncl ude no H?ggei tne %%pombf%ﬂededﬁgm £\ d,eeplieu ol P"’b St lﬂekeraﬁa,;?&h@&u%m%w

a hue. Wiile black refers to an absence of
refers to | iggrallyspenient pudfesspairehcharagipristies OfS'pféf@tl‘r light.r Hh‘@’é epribpdimens, the

particulgr Gahe 501h§of9afeet@a Mee mag\m &cﬁﬁgdram) bEB¥fefeff fidn thpwme%;m Bt

a broad spectral range of Visi at agprom mately uniform
intensity. HighieFerexampledyens etnhedlmmmbf: pn@wr% Flay,kg qopfiguraddo rellect R Yight
wavel engt hs (af  [£8in S458&Hen@nd bl ue light, white can be created by 15

m xing intensities of col ored light to Eroduce l'ight that has one or
more spectral pe@kgeimpedingns, theylisiansss\dagd prgastof e éesfeppaetrigpjodglators 12 in the

Nor eover, t o0t 304 MleciOf sl iRk RiinicRodh o) BRYFrcPhueks oWiespbrilo o

the device i's ablé to reproduce, e.g., by mxing r green,
i ght. Vi t capiedlsrtstandardired whife peibin ap sniicinyisd diehting Ctmshtwe, @@nrersanlagyt under

neutral (gr %ﬁoﬁgcemﬂ%ﬁtos%npa £t 18t 5@*1%[3@% il RatVRE bﬁell%}h)nﬁo Oy @xamp;e
di spl ay device may Dbe characterized based on a conparison of

white |ight therwhitsomint 9§ theppixel agaycd Wi be tefrsted trebe Pas, RasneeRts @fparchlhrt
emtted by gj?ﬁn%%n&?my @for&v&aﬁ'lrs hight! rBecte® B}aﬁ{eaﬂiﬂf Errdy xﬂ:ﬁ;khabpgﬁxﬁerent

radi ation" | ack body radiator is an idealized object that
absorbs al I ‘whitey peinti theithrdfght ofi3a Anticipated by copliguzddighitspuree. (Roepwample; 4 particular

light wijsh 3,;,3paeleMadepestieitd windB7d R RGN iR st 'ib%s ?Ll gt M
body. For ejﬂ ?% thégbl ack bodf spectrum at 6, ‘ 4 gﬁf ore
gcnerally, the white point of a display may be selected with reference to a source of illumination

configured with the display, e.g., a front light, or with reference to a particular viewing condition.

For example, a display may be configured to have a selected white point, e.g., D55, D65, or D75,

when viewed under anticipated or typical sources of illumination such as incandescent,

30  fluorescent, or natural light sources. More particularly, a display for use in a handheld device,

for example, may be configured to have a selected white point when viewed under sunlight

conditions. Alternatively, a display for use in an office environment may be configured to have a
selected white point, e.g., D75, when illuminated by typical office fluorescent lights.

Table 1 illustrates optical path lengths of one embodiment. In particular, Table 1

35  illustrates the air gap of red, green, and blue interferometric modulators in two exemplary
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referred to as white light having a color tenperature of 6,5000 K
Such col or tenperatures, or 25 white points of approxinmately

5, 0000- 10,0000 K are generally identified with daylight. The

I nternational Commission on Illumnation (ClE) pronul gates

st andar di zedepMaltifrents Pthdbigel @ifrayl 30Tkt proQUdE D§§ an:ﬁﬁ’fs vaka @t @sind t@fiators 12 of -
source designations of "d" refer tg daylig In particular,

standard whi %‘lb’“‘ﬁ‘ﬁ?lﬁt@“%@le“%@“a&n@abﬁ? aSSWﬁS@l‘Fl%‘EFFéWQE EPIYRrIEAS &P Tayers,
t enper at ur esj9fym of A ads, Sl@z o043 mtr. BN 1710 AQHmEs su@sﬁﬁﬂﬁlﬁ@éjﬁfzéﬂ reﬂ&ctlve

daylight white points.” 30 A display device nay be characterized
the white poiress fasfeachipd thetied, ercen afisblysripferfreemptfsymodglaigrssy) yne ofskilhjin %e art
light fr

east  part |Gl Ty ogura e tEERY TR DL RN S R AR R e
di spl ay. Form@‘%ﬁmwdex&fﬁqf@ﬁloay?fwdlelPﬁ“@HﬁYeSour ce having a lower white
point, e.g., D55 nay be perceived ashgyghg a yellow tone by a
viewer. A display having a hi gher terrperature whi t e poi nt , D75
may be per ceVlodupterCaleryi ng 35 aD6eyditer” or bl uer thé’Vh!tﬁ(‘a‘“Hg’B\e).
Users gener &y respond nore fa\?%QQ&E‘Py to displays fa(g -10 higher
t enper at ure Gt e points. Thus, 2of® ol ling the whid@@Hint of a

di spl ay desi¥¥bly provides sorré EM rol over a vi Shefrmy response to
a display. Enbodinments of the interferonetric nodulator array 30 may
be configured to produce white light in which the white point is

sel ectedip t 0 confof M b9 r@&osliABUR G 3@E WMbolifieRe) diferdhd dRLnQBYA A HEBY 6f
anticipated lighti 1% conditions. 5 Wite |ight can be produced by the

pi xel array RGuBIPrs; (H‘addﬁeﬁﬁle‘&?i’emcﬂo‘lﬁ‘i?roéh“ Ftﬁtdéffi\‘l%dr Bhist RO seikings fog idyffezent

12 for each M'env:@&eﬁ%@mh&; thé f3d GRLn, AADNEH HBR fators 1P8naR 1akE be @nir@kd so
30 includes pixels of groups of red, green, and blue inferferonetric

modul at ors B9 10 bein gpflestiye SpaPD-TliRsYE Statqs éorcdeﬁf%?né argunis [of timg s a¥ 18 Fy st Yorc

nodul ators g r@ﬁt‘fvc%laﬁ&'c@?@fﬁ&e@%d SéeRCinil Blle LiRR, MBS BHe wht@ péind & Riehled
using the relation of "/z N X. in addition, the bal ance, or

rel ati velSpr dighr {1 ‘Bﬁ§mb?.ﬂ‘m% theyfatiqfireflective st E2¢h B heelgs merylatprsil mapke

pi xel array sJedimy abe hird e whid e aerhyn: tRGink %h@fohﬂ»f&xts g bhe&ivoNigent,
areas of each of the interferonetric nodulators 12, e. of the red

green, and Bieetical patielensth & may b €lepiditn 2atoogespond t‘rwnﬁ%crn myliRleefdrors han

nodul at ors 2. Sigibie ¢dsbasg \yavEl@ﬁ%tIEth IRE IS8R, or thir@ bider Jeh@ oMRid! GeddOhdathlef
reflected light fromthe pixel arra ‘30 of interferonetric nodul ators

12 is genesafipyth ﬂ@&éfﬁre@ﬁ*fm edplpter Lyeflacts aihite Rt shapasterizsel jby dhregf visible peaks

i nci dentggl i @hits spbdraCie§oRRD BuBR I emtolihed: Xh\bH A pR lidhkih Afis § £e@éccle§§ct gl the
l'ight may be conflgured to be different than the white point of

i nci dent ™ | e HEhtoPducsippPRonds ip oYBdEIHFIAMHRPR t he pi xel array 30
may be configureg {aiibeld 86ilps BFRd) dr@8! and BRE MudifRkheirdd nldARIaSHNI 8 e pixkin

one embodi nent, the distances d and areas of the interferometric
modul at or s :glzax 30, thgr embodiments include other ways of generating white light. For example, one
embodiment of the pixel array 30 includes cyan and yellow interferometric modulators 12, ie.,
25  interferometric modulators 12 that have respective separation distances d so as to produce cyan
and yellow light. The combined spectral response of the cyan and yellow interferometric
modulators 12 produces light with a broad spectral response that is perceived as “white.” The
cyan and yellow modulators are positioned proximately so that a viewer perceives such a
combined response. For example, in one embodiment, the cyan modulators and yellow
30  modulators are arranged in adjacent rows of the pixel array 30. In another embodiment, the cyan
modulators and yellow modulators are arranged in adjacent columns of the pixel array 30.

Figure 8 is a graphical diagram illustrating the spectral response of one embodiment that

includes cyan and yellow interferometric modulators 12 to produce white light. The horizontal
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pi xel array 30 are selected so that white |ight produced by the pixel
array 30 corresponds to a 20 particular standardized white point in

an anticipated lighting condition, e.g., in sunlight, under
fluorescent light, or froma front light positioned to illumnnate the
pi xel array 38 rcﬁegen@&wﬁgengthhﬁ r\i\ﬂ[ﬂck@ piciol nthcof;erﬁdaleaﬂa xeg}cs@rsrtayréﬂm-
may be selected to be D55, in particul ar

condi tions. WHEeFS l‘glit%“\e?‘g’ﬁt‘her"é’ﬁ}‘lé'éfséa 6)’“?‘??@ ﬂb‘iSSE;é?S t%Fr‘F%’?“SSGf thgSyan
have a di f f ep&fiator WhidnGs PG pehil@Rtelel 6 thd G pdfon@dDine Ylebtfib &b C6knien blue
configured |ight source. For exanple, a particular 2 plxel array 30
may be confi@dmednt & taes $ellpstpies the irespenseplcthe yillewarpduiptge Whioh & a single peak
sunl i ght .5 %ﬁtere@ﬁﬂﬁerﬁh&y oramfmlsﬁe%trm' rg_g]t b@fvedd rt S8 LR, r}%cbgz; ilfustrates
selected with reference to a source of illumnation “configured wth
the displ ay, th@coglbmc@spwt@h{esnomgwfap@rofwmﬁnth@il@w endudatery 12, Tha trade 8¢ hag two
viewi ng congichisQheyan Emyeﬁmme@*en ifs Bl %&hﬁﬁle@ymh@m&msg @b Rl spect?axs‘o
a selected white point, g. % , hen vi ewed under

anti ci pat ed that fqﬂyﬁ?ddwlht%%?"é'é%‘oﬂatqf!‘ 13ifpriesiiedps Whileh as i ncandescent ,

30 fluorescent, @f oR@tbddimdnt, GRH pivQ Ui 30 NS p@l'}stt 'ofdé} ?({Illo* 1n@rfcrometr1c
di splay for use |n a handhel d deVvice, ~for exanple be confi gured

to have H scnedelion 29t e8ON9oIFrr CYdperlsrenaiir mpplaor. SENW? Qﬂf{] a pixel array 30 is

condi tions. Algrial intRhdinglP nﬁlge's R ekt Q{gleh'sﬁgﬂt r}eﬁ&e@fbfyl € £ \drdeP FERMM
may be configured to have a selected white point, e. D75, when

i |1 um nat ed msAuleippischifted foppiddhe trluf‘oqné%@ﬁtsmcsng}*rt% ﬂ?a*bfrdéfa@r P 9 GBI Anes
optical pat Rl ghdlchs. @feq&'ﬂﬁ) RV BOS FERERer cm Q%ﬁctuh %Qi’ght rEAR1e8 by the 3Rond

illustrates the air red, green, lue interferonetric

nodul at ors ioFdef Gegn @seg#ﬁpra%hsf ts to gopregrprhidi lwétrff%n B¢ fipsherdesiveligw medulppr.3ghus,
that progucar DGR rMNEhniBiRd WPkl febdiNe 1Hredd MR AbL@ER" Snifhdn Qfross the visible

substantially equal reflective areas. Table 1 assunes a dielectric

| ayer conpr iSBICHE YD s dhfetelative peaks of Hheoweiymcrbifia Rpcispiagl agpy 4@)thus produces

Tabl e 1 al sqyuasBsiTesr 8 Rl ﬂta}gakgngc ddRRGAdlest €f | ective areas for
each of the red, green and blue interferonetric nodul ators 12. One of

skill in the art Isengempodincot g display haping 2 syan aptyeclioy medpiateramanke capfigvigdie

di stances Caphdi® WhicAighedavibg ¥ d1dtted StahfiRdizdd i NRHS utfer LAJEXmOE viewing
refraction of the dielectric |ayer. TABLE 1 Modul ator Col or D65 white

D75 whi t@ ( rerddions udpr exapler thy S(Pﬁﬁsal 195BP T A they Feh medddaterntny! al1ie peiley
Bl ue 310 (r yhiuddPmbiBd selelted ko that defecR@ 1EROAOAWERpdiRak DsE 45NBYS, or any

enbodi nents, different distances d and areas of nodul ators 12 nay be

sel ect ed t o 9BebwileRl Bhifdpms pdstsleaed WmigAtiesopdifions thainglpdsJ¥5¢ S, of D75

di fferent  jight sich as sunlight for a display suited for outdoor use. In one embodiment, the modulators

may be configured to reflect light that has a different white point than incident light from an

25  expected or selected viewing condition.
Figure 9 is a side cross-sectional view of the interferometric modulator 12 having a layer
102 of material for selectively transmitting light of a particular color. In an exemplary
embodiment, the layer 102 is on the opposite side of the substrate 20 from modulator 12. In one
ermbodiment, the layer 102 of material comprises a magenta filter through which green
30  interferometric modulators 12 are viewed. In one embodiment, the layer 102 of material is a
dyed material. In one such embodiment, the material is a dyed photoresist material. In one
embodiment, the green interferometric modulators 12 are first order green interferometric
modulators. The filter layer 102 is configured to transmit magenta light when illuminated with a
broadly uniform white light. In the exemplary embodiment, light is incident on the layer 20 from
35  which filtered light is transmitted to the modulator 12. The modulator 12 reflects the filtered
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vi ewi ng environnents. Further, the red, green, and blue nodul ators 12
may al so be controlled so as to be in reflective or non-reflective
states for different anobunts of tine so as to further vary the

rel ati ve bal ance of reflected red, green, and blue |light, and thus
(e ot e POl ukgbl BeLged 12, by chnle, SR ISAL e Dt
sel ected so tw;et dn gointr ghbadhieenhtiet thicknossrf thenlaykr f1@2 plematerisl ey hgyselected to
envi ronment s, ti i’;\; i t e

sel ected so B&P ‘{03?‘53%} sg&s)&gfﬁgq@%d%lbfqumﬂﬁ II?%{OthQ PI%E%F %fn?%g%}{ S%“r(fteu e
Vi si bl e r esomyrite paammleehgwtr:n the Pyer 102 prglt the mechdmwi 120rIn tsimihrad embgatidment, the
peaks of eqé e O%e i'na son?y nls%t retlec edrb elmrz)tdl?lator rfesuc mbo, d%lltg'tﬂ?e
12 refleét Wit Ehatacterd 26 ree Vi sSi aks

its spectraliayeeman'ssle::tedauccsdmgiy an errbodl msnt t he opt| cal pat h Iengt h
St andar di zed whi FEVRAPE € Shhal Giogtad s BhGEARC G SRl FGAR H Ba EnBigen
blue interf ehanmhlﬂasahermchnllatbmgma.ﬂc modlxlaltret? [4!] awlthe ‘émagaxyé ’3tﬁlter b’yehelm The
g)r(rta)_?rg: gengf]el nCL‘Ep%lsolteﬂrggenw%{eﬁwgelcg%1%% rae;l%‘tg&gl&hl ng’f tlcaI ax|1:s reglrcs(;:?nts the
yel | ow i 19t e rrélative settral sproel agh:bprmdm on fhe green @&dujatrir a2 ﬁleirfdmﬁtayer 02 over the
pr oduce.cyantnari o iERERS I ECREL AN e LARF BB A 2k o
cyan and yelsingle peakt @nttred qm‘étrgireisn porudubfatbw}s:ctmn,mgadmuetbe kanghot the tvisible
broad spectr, Spo ived " W d
el | ow moauPBrarE: oy B 110 MoskesAES RGkEbR: milehTicr Koy 680 150
percei ves sumwkerial 1007y mdlkmpmelativﬁbrﬂatammmb en either Séreof@rvbod] wehaped
rows. of Phe tngufl SpRYL3s M deCRL 8 5P oF oShiiBR e BaHl ARED
nmodul at or s dnadkmite lsthetantrrdyl all a@doml Rdweelight Wlalﬂvg&ktbrmgl lightj lacmreemqioqwnyf ofe
e P Xe! S0 FLON Eaflhe BRI PR ASH UY WRIALITA HIS
i nt er f er one moddatomi@uand the fidterligyer 3020 r1de trede Thhillugtrakes diat the Jvetrah osponsrf dic
axt s 1 epr coonapEis L Y CORRGRDN o b3k il B3 12 HA%o HET AR o
nodul at @Ps  1ight b& the Gitre Ier 102} Udiweatretbe sivelral espons s roftivelyeungyamacross the
Todut Ao Vi pkbuf SO EIRER SR FER o ind ety SeRIBOLLLP R Alechid®
response of ﬁlthéayyﬂﬂﬂwewndmaawbm vvh| ch is a single peak 5 centered

inth |1 t . A

trace 8 11| ustr o ng ol s SRRGE Fivlk o acly moREAHASRd R ARELEIRE Byer

cyan and yelt0bmanigdohzausddo pducy Wwbitd light kevB4 abelsciednptandyydiaddsvhite peiytamder

and yel |29W V\@evqu 0'?«931 tﬂ nss l’l-"foI x%?lg,tthy cgllaf R p%s%co[f &tCII? %0Xdla§érq&e
m’suc 'S

spectrum SO ITDdU ators
percei ved asn(wa thmaoenta fllter laycr 102 may be selected so that reflected light has a white point of

D55, D65, D75, or any other suitable white point under selected illumination conditions that
include D55, D65, or D75 light such as sunlight for a display suited for outdoor use. In one
embodiment, the modulator 12 and filter layer 102 may be configured to reflect light that has a

30  different white point than incident light from an expected or selected viewing condition.
Figures 11A and 11B are system block diagrams illustrating an embodiment of a display
device 2040. The display device 2040 can be, for example, a cellular or mobile telephone.
However, the same components of display device 2040 or slight variations thereof are also

illustrative of various types of display devices such as televisions and portable media players.
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I n one enbodi nent, the pixel array 30 includes a first order yellow
interferonetric 10 nodul ator and a second order cyan interferonetric
nodul at or. When such a pixel array 30 is viewed fromincreasingly

| arger off-axis angles, light reflected by the first order yell ow
modul ator is shi mgﬁxsﬁwl@y\@é’vﬁtcmt}ﬂ) ftiues endustly J0BE aSiRY 2030, 2R aflenna DO, a -
nodul ator at a certain a has an effective d equal to that of a
first order S ZO&r?euPWEH%W 2048, gpt 2 ragroRbeneet by Thehousiag St is gergeily

cyan nmodul atigined bokd sy oPa ¢alefyed RARHadiRink pBodssek O waﬁ khdwnSth 11060& skill in
yel |l ow nodul ator. ThuS, 15 the overall conbined s tral response is

broad and r ehear insluging Hicctionmolding aad Yepwm fomiing. dn 2 t eI heusipe A044 gnay ke

relative spegicge %mtah,eofsmg&y HithadHalst mdmmupﬁesﬁinnam %&%&ngass rubber,
produces white Iight over a relatively l'arge range of view n

angles. In @néc@ﬂaﬂ}@d* Asprbinagoriherpafaln dag cmbpgimenthaRpusing2Gad inclydes removable

modul at or s RYioRE(nGAREWD W Fhaf B inRFRABEEW It rdntoSitic FRYnDSE aﬁfferent color,
sel ected standardi zed white point under one or nore View ng

condi ti ons. oFepntaiinghifaent joges, RIFES PEIYMPAISponse of the cyan m)dul at or
and of the yel | ow,omgi Dg@% omafndbﬁy 88h18Cdode 3020 hidbe E@fdfe%ﬁe@y (Lfldgpltays,

has a white point of or ‘any other suitable

poi nt unider iRdEgt 2 bi-sibley, dismlag @%Hesﬁ’é‘??ﬂl}ﬁe@néﬂ Pt crbpdinrgis: EBSSCLSPBBE?O-”O

or D75 | ghfclhRbChiapasey Bisg wﬂgucfl@g p@sngl ﬁpl(ﬁyansmwnf S TIAULEPRY deblHiBed
I n one enbodi ment, the nodul ator be conflgured to reflect |ight

that has a PPy amen-fipinees! pishlsn 5‘{°hésna FIRE PPt 1ups gpvice-rp Brycllgnovasio those

expect ed or ogakiemtiRchny IHIWERE (6:908bdet Slieschibigihe pfsehSentbodimd, the dlSplay 2030
cross-sectional view of the interferonetric nodul ator 12 havi ng a

layer 102 &rclydaraingrforqrsiricqeadgiater Gty daEvferg 1ight of a

particul@r col or Thd RmpbnediX 8% JnbodiRdP XCHxEBYMry dihsy deaaé@ﬂozs@ QR st m@ially
the opposite side of the substrate 20 from nodul at or

I n
enbodi ment , Wu§Eatydiy Eigurpd 3B, o?her’r’éﬁsé?‘?daﬂxe%%Fislé‘@‘sdeéfl‘:?r%@ﬁﬁi"%\'dﬁs|aﬁ‘tqléﬁmg 2041

through whi ghy Eh8fdhd3 Addifnsl oRHGRRE bi 1easn€§mh I?Eﬁlﬂ(%edlt%er@ﬂile ¥ &\Aﬁﬁie 111 Bne
one enbodi nent, the |ayer 102 of nmateria dyed materi al . on

such enbodi §&hed lm%%éhfneéflelel‘r%dmplgy %F"H?%Qf“p’l‘fé}tdﬁsr”e‘ﬁ‘?ﬁ inéertage; 2987 th?tnncéiﬂés

enbodi ment , b Rfertih O3 whith & bEAQITEH frinBceVROOUAL THe Sradseidtr 80471i§ ShneQiedlBlthe
green interferonmetric nodulators. The filter layer 102 is configured

to transfi t PrASEFERTEZY, PHIGR IERRISCR] fosARditioniag hatsT e 052h e engicioning hﬁcmarc

white |ight 203miye @xEIERIAE xémﬁmg@dlsigmi{e g |eed sikrdl)| Mad ERBfioRRy hadvare
| ayer 20 from 35 which filtered |i is.transmtted to the npdul ator

12. The noddP¥# Brc"TECtF%fq g cpeakyr r?@“? Ak 2 rigiophone 32046, fihe praogsserg0gl dinalso

the layer 1Qgmedidti W8 BapaNdeR b 0igmN b dritdd RodtioBH20PR S BIRSdrivEY Quediet iz@ is
| ayer 102 tw ce. In such an enbodi nent, the thickness of the |aye

102 of mat erpupled g frame Rulfere0pRepdig the pigyslaing 264 WBIFD indyp ‘SlPPPHI“tdz“éag MaYs
doubl e fisl t grhy1@30.! A peR@ElpBly 20503R6Vid¥E Pdwer B all lcOBfonkrtORtreg@irEd Skt Rrticular

exemplary display device 2040 design.
The network interface 2027 includes the antenna 2043 and the transceiver 2047 so that
the exemplary display device 2040 can communicate with one or more devices over a network.
In one embodiment the network interface 2027 may also have some processing capabilities to
30  relieve requirements of the processor 2021. The antenna 2043 is any antenna known to those of
skill in the art for transmitting and receiving signals. In one embodiment, the antenpa transmits
and receives RF signals according to the IEEE 802.11 standard, including IEEE 802.11(a), (b), or
(g). In another embodiment, the antenna transmits and receives RF signals according to the
BLUETOOTH standard. In the case of a cellular telephone, the antenna is designed to receive
35  CDMA, GSM, AMPS or other known signals that are used to communicate within a wireless cell

-15-



may be positioned between the |ayer 102 and the nodul ator 12. In such
an enbodi mrent, the 5 |l ayer 102 of material acts only on |ight

refl ected by the nodul ator 12. In such enbodinents, the l|ayer 102 is
sel ected accordingly.- Figure 10 is a graphical diagramillustrating
the spectral pioRSRARGR Vhe RIASRBMAT PRloceshdd @ie sign@b HEGTed!ffom BE Bffdhna 2043
interferonetric nodulators 12 and the "magenta"” filter |ayer_102. The
hori zontal a% [§atFl@bP@%E?ﬂc%e“feﬂ@Y\ﬂiéﬂ/fé{‘%a’@ﬁp%?wq"&ftilee@?céﬁoﬁ:f frt The-pgpsceiver

vertical axisy7aRs gt sighfs AQeiv @l tRfnl WO pRRQSH 2641 JoQRR MRS 8naffoe lirk:Biilited
i ncident on the green nodul ator 12 and f| |ter | ayer 102 over the
vi si bl e speciomHe exmplaacdspiay devieq 041 viatie anigme2Mésponse of the green

modul atorg 12, whijghy m&namesan{wme,memgu&@&t@{ﬁ7 ) bt«:%lagédqﬁ@ rRQftd @Ipyet
of the spectrum €. d., near t he center of he visib pectrum

trace 112 i | ngder diemative fabpdmprnacevosk Irttqﬁ@cerralgé §RIaDS ieplﬁ@ﬁl by o n@@gebyurce

the | ayer of whlgpéaﬁﬁtbﬁlor é&gmtem?getdﬁl@ﬁﬁ)e]sgrg t8S rBé@@sof QjZ@-t Fdf%J{aaniel at; image
portions on either side a central u-sh aedp m ni mum frace

112 thus r epiosise finsbet %@glrwéws%g@c FVR ?fe?g@f& %zser ‘i‘ff"F dhat f%m%@a@cﬂéaiwq Y

transmts su@%@g;ﬂoahémat%gﬁe,aﬁg%gggqatpl ue light while filtering |ight
in the green portlon of the ectrum A trace 114 jillustrates the

conbi ned!&pect ral ‘?Cé%‘ﬁ(ﬂqg]eg%‘?r a h%’"B‘%{F Phe queradk opegidongf dherrxerpplyy display deyige

and the filtguo! a%eprod@er 200 rebins Qlath 1éhch bl Bshgr@t@Smbfadard Bem SREfIFRL
response of the conbinationis at a i ower refl ect ance | evel than the

gr een nodul a@fiEHace 207 RE 2 gnagh SOW T P RrefEsSe thodpty ingHEw Hyees Hya Py plogformat

llayer 102. Hewey@idly H%@es&ﬂ @b Fl inh @SRANTBe procek@t A2l MRh Yentdiné HofBssed data
across the visible spectrumso that the filtered, reflected |ight

from the grd@thedgericanigter 282905 dp frame hyffefediesifor storpgee Ray g3sa pypically refers to the

per cei vefs asintthhdiin that idantIRe uRMRAAEE CRcieriicd bS Bl Yochii WighiP af) iR  For
nodul ator 12 with the magenta filter |ayer 102 nay be conflgured to

produce whi t&applgsgchimage ﬁ@’%““@%‘}“éﬁ"’t“é‘&h’g? IR Ursey a%ﬁr‘tyescﬂﬁle}‘ﬁ under

25 one or nore vIxﬁweréglb&mﬂ@lhtm@p}scessepzozﬁmmse,mlérb@mw@fstralorn@mmsae
of the green nodulator 12 and of the magenta filter g/ 102

sel ect ed so PREY opsstior ek g cxepglaty display devifs 40¢0- p‘&i“ﬁ’f“"ﬂ?g re 496%8‘3“5?19’

or any ot heripditet aplgicidhtind Qilt&@lfé}t trdﬂﬁﬁi&fng %@hzﬂ&fo&ﬁe kpehier0at | ffor receiving
conditions that _inc]ude D55 or, D/5 %ht such as sunlight for

a di spl a3 suiaey f’P’Brth"o’BiCH’BB?“e &’%6 ' Fondisigping e tmay tbR Jisereg PmEpagEts

12 and fil t%mhrameéxcﬁaplary 125 Qe S @IT0IE) YT Rl belndofot@Qtwithindhd prbdiador 26 0
30 different white pol nt an incident light froman expected or

sel ected vi é%i\ﬂ"ﬁ@’“%?&’i‘?ﬂistl on Figures 11A and 11B are system bl ock

diagrams illustrghd &gveaeorﬂem@cmmemesqﬁe ﬁwdmsgzl dwa ged@mbd:sy %%Q)ceslda@ozl
di spl ay device 2040 can be, for exanp ular or

a
tel ephone.  SHiPsRetirestly fromethe Frpgesses rFB%ln%fnff%n ge fﬂ‘f"§ r?rﬂéir B Fltdere@m@s B raw
slight vari akhQnanlpebmallydornigl §Red tdnbmiSidnal ind arrdf drMar 1002ISSfeViBaRy Qe

QISP Y eyl B amtrotler 2025 seformats the taw iamage & i 3 data Now having £ emr i
ge data into a data flow having a raster-like format,
such that it has a time order suitable for scanning across the display array 2030. Then the driver
controller 2029 sends the formatted information to the array driver 2022. Although a driver
controller 2029, such as a I.CD controller, is often associated with the system processor 2021 as a
30  stand-alone Integrated Circuit (IC), such controllers may be implemented in many ways. They
may be embedded in the processor 2021 as hardware, embedded in the processor 2021 as
software, or fully integrated in hardware with the array driver 2022.
Typically, the array driver 2022 receives the formatted information from the driver

controller 2029 and reformats the video data into a parallel set of waveforms that are applied
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-14 The di spl ay device 2040 includes a housing 2041, a display 2030,
an antenna 2043, a speaker 2045, an input device 2048, and a

m cr ophone 2046. The housing 2041 is generally forned fromany of a
vari ety of manufacturing processes as are well known to those of

skill in thﬁa@r'ﬁmesi RE lsem:d:idntg thmbmﬂteﬂs)mdnsohﬂi:m@ thausahdy afClautid) comingl fivgh the -
I n addition, tfe housmgtrz‘D may be 5 nade fromany of a variety of
materi al s, |?’f&ﬂ?¥osi%mﬁtf] 0t imted to plastic, netal, glass,

r ubber, and cer Affofie, enQibd:ﬁueﬁlQﬂHbdrﬁ\@i d:oﬁﬁollehme()iiray lrfveOTR2 Qﬁd)dl@ﬁld}?&iﬂﬁy 23e

housi ng 2041 i ncl udes nova ort t sho be
inter c%angeda’WaPPfofB’taﬁe ! ﬁo?ﬁ ?B‘ﬁ%ﬁfgo‘% ':G'S‘Tdf En%é?lt c°6|"’c‘5‘i“f¥plc dp ome

contai ni ng dididolinRRy dﬂl@ﬂ@&}tm}l}drcﬂ)w BS, cofVenSonab@bgay cheoldi &1 BiYstaBRIBpRT
exenpl ary di spl a?/ devi ce 2040 may be any of a Vﬁlrl ety of displays,
10 i ncl udi ngeogrejier e sndnt %?S‘Feé‘ﬂf mogulaipr copiopEy e‘?’%‘*‘eﬁ emppdigpiearray driver

embodi ment s, 2P es sleGEPémivna? @3 of BGI-si6lRs digpldy @lveP@REIan Gllt&ﬁl‘(ﬂﬁémcsrﬂcfdﬂlaﬁﬁ

pl asma, EL, O_ED STN LCD, .or TET LCD gzl%scrl bed above,

non- f | at - pan@iPIay}- slg1oag embeidimpent 2 dé{"eéﬁ‘?““i?ﬁ“ el RiGRRe I tE%a”aéféh‘i’f'é 2022.

\é\/e| | klr)lOWn tShilcﬁ hﬂ&ﬂbodﬂfen&k b&@bmlnthkﬁlyaﬁtkgratﬁll)&‘}@t\éﬁﬁ such @ cePulif}MSRS, Wikches,
escri bi t presen di a

"t er 1 or Bivet DT HEC PR Py a0 SRLREmat ey sy DS §Ree display

conponent s oa‘rraganﬁ embashineplapfarex dapl ar ¥isgliys playing i Ay 20 4teHEr8metric

schemat i cal I% I? I&sgst rated in Figure 11B. The illustrated exenplary

di spl ay devi i i ncludes a housing 2041 and can include

addi ti onal conpomaaimpuiadevice aBIR afiewd 4 tdet o @MEd] (ﬂ&&iﬂerﬁaﬂﬂﬁl’(ﬂitm exbfflary display

exanple, in pne di nent,, .t he exenpl ar eV| ce 040

i nc Imtjdes a Y’\%F@H})ﬁ? 5% uiodisnty npyl | ev‘an%(f“g “d": def1FA 298 SBVERTY
whi ch i s1ﬂ:ou¢ay&drdto®a&1etphcala$:ey@bdgerbuﬁﬁ4a75wn’éma twcaa@cl&vevseﬂfeexzaﬂ%sm& or heat-
connected to the 20 processor %(151 h |s (r}%géed to . b
condi t i oni ng“HAMORTE 89527 *HhER H’Eﬁ“f %F’h‘@o & ey drgge fy the
configured tfesgad idisplﬁ)y’ldemcs p@poalwHee g m:f:rbﬂ)Hoﬁdf 2086 i ugdtiab )nputTdﬁ& to the device,

conditionin hardwa nnect spea :
o ophone. St comrds pa Baupndd §5 1 S 5 coBrolin RRGE Bl Tt afmgineg dipley
devi ce 2048 @ik w40lri ver controll er 2029. The driver controller 2029

is coupled to a_frane and.to the array dr.iver

whi ch iIo G urn i s PRBUSKRR g’%"égﬁa“d‘i“’i Ayasy o epagy %ﬁ% deviceR BRass “’éﬁ’ﬂ’ﬁl’“ﬁ}m
2050 provi dase zﬁo\mf ext@pla|ih o:embodiftit poas: sugiyi205@ ¢ aliychirb@ble dhitenG slchbs a
exenplary dis deV| ce 204Q. design.. Th etwork interface 2 .
o tos e b’ o DR Pl dp oo mep Bl s mpHE 2050 s 2
exenpl ary direpivable ey Gaurc4l Capadtor, 6:0413lkn icaatreiuamg hplme s@lir cBilragd solar—cell
devi ces over a networKk. Il p one enbOdiln?@S[SO rk interface 20
Ty oF o havan R el R PTIY PR it SrsBTr Pk PRt B T
of the prsocemgsar 2021. The antenna 2043 is any antenna known to those
of

In some implementations control programmability resides, as described above, in a
driver controller which can be located in several places in the electronic display system. In some
cases control programmability resides in the array driver 2022. Those of skill in the art wili
recognize that the above-described optimization may be implemented in any number of hardware

30  and/or software components and in various configurations.

While the above detailed description has shown, described, and pointed out novel
features of the invention as applied to various embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details of the device or process illustrated
may be made by those skilled in the art without departing from the spirit of the invention. As

35  will be recognized, the present invention may be embodied within a form that does not provide
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skill in the art for transmtting and receiving signals. In one
enbodi nent, the antenna transmts and receives RF signals according
to the | EEE 802. 11 standard, including | EEE 802.11(a), (b), or (9).
I n anot her enbodi nent, the antenna transmts and receives RF signals
according t oﬂlt ¢fethe BRWUET @BI benstiasclaiodh hérpint isesopadentusés mayckd gl ar practiced -
t el ephone, I g@yﬁ

ot her known Sg arﬂg’f ﬁ&?%g{[eﬁa‘ﬁz? h(g’geegf %glé%gn}l&:}ﬁﬂn:égrgﬁ " e a%NhedNYPés Seher
cell -15 phtmd)yrthet fwrgkmg Teverigtionn dlaibanges WP/ cqpreewifhinote ssasng 4nd range of
signal s receive ant enna 204 o .that they may be received
by and furt & “wamm¥Qﬂ% S%e% cm%?%gggégpwﬁﬁﬁTe The transcei ver
2047 al s6 processes S|gnals recelved fromthe processor 2021 so that
they may be transmtted fromthe exenplary display device 2040 via
the antenna 2043. 5 In an alternative enbodi ment, the transceiver
2047 can be replaced by a receiver. In yet another alternative
enbodi nent, network interface 2027 can be repl aced by an i nage
source, which can store or generate inage data to be sent to the
processor 2021. For exanple, the image source can be a digital video
disc (DVD) or a hard-disc drive that contains inmage data, or a
software nodul e that generates inmge data. 10 Processor 2021
generally controls the overall operation of the exenplary display
device 2040. The processor 2021 receives data, such as conpressed

i mage data fromthe network interface 2027 or an inage source, and
processes the data into raw i mage data or into a fornmat that is
readily processed into raw i mage data. The processor 2021 then sends
the processed data to the driver controller 2029 or to frane buffer
2028 for storage. Raw data typically refers to the 15 information
that identifies the imge characteristics at each |ocation within an
i mge. For exanple, such inage characteristics can include col or,
saturation, and gray-scale level. In one enbodi nent, the processor
2021 includes a mcrocontroller, CPU, or logic unit to control
operation of the exenplary display device 2040. Conditi oni ng hardware
2052 generally includes anplifiers and filters for transmtting
signals to the speaker 2045, and for receiving 20 signals fromthe

m crophone 2046. Conditioni ng hardware 2052 may be discrete
conponents wthin the exenplary display device 2040, or may be
incorporated within the processor 2021 or other conponents. " The
driver controller 2029 takes the raw i nage data generated by the
processor 2021 "either directly fromthe processor 2021 or fromthe
frame buffer 2028 and reformats the raw 25 image data appropriately
for high speed transmission to the array driver 2022. Specifically,

t he



driver controller 2029 reformats the raw i mage data into a data fl ow
having a raster-like format, such that it has a tinme order suitable
for scanning across the display array 2030. Then the driver
controller 2029 sends the fornmatted information to the array driver
2022. A teughiecoamveDd jseontrol ler 2029, such as a LCD controller,
is often associated wth the system processor 2021 as a 30

stand-al one Integrated Grcuit (1C), such controllers may be

i npl enented in y The may be enmbedded in the processor 2021
as hardware, hbedd%gagﬁyﬁ %P%E@éﬁ%?n%021 as softmare or fully
integrated in_har dyapee Noft BeerRFdndid thotlatdd 2 gaid | b intdrR&
array driver 2022 regelrvetg t he format?ed |nfaormat| o-r?r th:aIl drlc\)/né?trlC

control | er 2028cduidorsebowpnsing: t he vi deo data into a par aI | el set of

waveforms that are applleP -16 tines [ seco (g t he hu ds
and sonetimes thousands % eaﬂé’&ﬂé’”‘c’:’%’ﬁ&“’f’ AL Cog S‘?Oé“BPt 1g 4

matrix of pixels. I'n ong m%b%@ﬁeroh@&c%édﬁﬁto&%ﬂﬁéﬁlﬂﬁ:r oﬁﬂg%reen light;
array driver 2022, and display array 2030 are appropriate for “any g
t he types of displamd descri bed herein. For exanple, in one 5

enbodi nent, driver contr Ier 9.is conve |on
control l er or a bi-stabl% e&f’tsoﬁ‘faé'éelé%ﬂlfl? ﬂnéqdu% or gon l%edst% olfput blue light,

interferometric nodedin rsa;a%u ngﬂtl &ld greénrngamhb%d S RALhESHbinéMo R¥duce
driver 2022 is a conventional driver or a bi-stable display driver

(e.g., an intewhita bgiﬁthawmgrmstam@rcbzed whitppeint) whémillwranated with dight havang a
driver controlchﬁ.r |s |ntegrated with the array driver 2022.

Such an enmbodi HEREDS Hn in hi ghly integrated systens such as
cel l ul ar phones, matches, 10 and other small area displays. In yet
anot her enbodi nent, display array 2030 is a typical display array or
a bi-stable diZpl ayT}wrmglra@s of. Clain di, shlerejn avd chﬁaitgplamliw p&jnt@ferometric
interferomeérlc The i pué evi.ce .2048 al.l ows a Gt‘?
control tRHeIYHers ?9"8?1“8? atfﬁ e‘é&?’érﬁ.‘j‘? AThepin, 5aid Jeshecive e a’F r?e flgd to
enbodi MengrodhddRiHd v@ﬁt@l@tméaﬁt?it&iﬁﬁﬁhz’édlﬁﬂﬁﬂe%@mtsucr‘ as a QUERTY 15
keyboard or a tel ephone keypad, a button, a switch, a touch-sensitive
screen, a pressure- or heat sensitive menbrane. In one embodi ment ,

t he m crophone3.2046lHesapparatuspeft CHéw i 16 evifesuin kiie staad@dibed whii godhtaly one of
devi ce 2040 V%en t he m crophone 2046 is used to input data to the

devi ce, deed liten PENtSTEY o eDP? ondd &Y Spywhick siespetiyely ciorielstq iwilh color
operati Onémg:fn& 3 mbﬁr§5®°ﬁp£@7 S(Q)GKI ce 2040. 20 Power supply

2050 can I'n variety ot ehergy storage devices as are well
known in the art. For exanple, in one enbodi nent, power supply 2050

is a rechargeapl e bafd Shiratu3'éE TS B further comprising a source of illumination for said
plurality of interferometric modulators, said source of illumination having a different white

point than said produced white light having said standardized white point.

5. A display apparatus, comprising:
at least one display element, said display element comprising a reflective
surface configured to be positioned at a distance from a partially reflective surface,
wherein said at least one display element is selected to produce white light
characterized by a standardized white point when illuminated with white light having

a different white point.
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ni ckel cadm um battery or a lithiumion battery. In another
enbodi ment, power supply 2050 is a renewable energy source, a
capacitor, or a solar cell, including a plastic solar cell, and
solar-cell paint. In another enbodi nent, power supply 2050 is

configured to 4 eceiyp Ttud ro?”b%ﬂ’x‘?k,' wh%x'%il{d)ggﬂdegt l%dgt %‘ﬁgediépla element

i mpl enent ati ons control programm ty resi , as scri bed above,
in a driceiprisentrplhtabity whididplayaeleinents dasing ddiffareae wggcahl phipae shat nogekter

el ectronic display system In sone cases control progranmability
resi des iRf® %W%é@xmha%wrlgqgéyaﬁﬁ@gdﬁ%ﬁd wiNiqnomtn the art will
recogni ze that the above-described optim zation nmay be inplenented in

any nunber of hardware. 30 and/.0r, sof fware co nents and i n vari Qus
configurati ons‘;..'| V%;Aﬁ"éa‘ g ?Pear%ltgsovoéf Qlea i %’e(‘f hglgéncg?%t f"gr%eﬁgsong h%l\%l?y eletitent

descr i bedsongided?iphirgety @fitdisplivedlemERAhAIRS a® breh TRomh RMHEIH Tig ifSeflected and
applied to various enbodi nents, it wll be understood that various
oni ssi onswhaseiBsiejd tespastise agae OF laid ghisplaynelements grenselasteddiet Ripduse grhitenlight

devi ce orcl,{% ag%%%ql%);ﬂigay(ﬁt%?nﬁfﬂzed%te%%ﬂade by those skilled in the

art withou epar e spiritt of the invention. As 35 will be
recogni zed, the present invention may be enbodied wthin a formthat

does not provigle -Thé @bhra@k of MRaimSakkérein saidtht RRREdeldSspiteldnénk Bomprises
herein, as sone features may be used or practiced separately from

ot hers. THdeast opedisplay ietement esvniigured do puighcred dighbyat et enspdisleselement is
| ai th han by the f ' iption. Al whi
Come. wi { hioH BB RERHPHErE P b tast GRE ot Rttt pHAIRET gl

to be enmbfgged within their scope. 5 -18 WHAT IS CLAIMED IS: 1. A

di spl ay apparatus, conprising: a plurality of interferonetric

nodul ators, said plurality of interferonetric nodulators conprising:
at | east one i%t er fBreappimius ofifthuhdt eheconfidatiedt one dsplaydlemed comprises

light; at least one jnterferonetfric, mdul at configqgured to output

green |igMeor ragreidigplop elsgienis sanigrret OdpdiHBEA ORI HILE Sette onf i gur ed

to output blue light, wherein said red light, said green |light, and

said blue |ighty, comrajn r hte:ll 'ngﬁ : i

white poi nt V\hfeor'] i W{ﬁmﬁ’ﬁé{?’éﬁ ¢t %ﬁ? is\éﬁ}th%%%‘v%a%%}eéﬂg‘ﬂg o8 YEPORAEA &fla
distance from said partially reflective surface to produce said white light characterized by a

standardized white point.

11.  The apparatus of Claim 5, wherein said standardized white point is one of
standard white points D55, D65 and D75, which respectively correlate with color
temperatures of 5,500°K, 6,500°K, and 7,500°K.

12.  The apparatus of Claim 5, further comprising at least one filter associated with
the at least one display element, said filter configured to selectively transmit certain visible
wavelengths and substantially filter other visible wavelengths when illuminated with white

light.

13.  The apparatus of Claim 3, further comprising a source of illumination for the
at least one display element, the source of illumination having a different white point than

said light reflected by said display.
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different white point. 2. The apparatus of Caim1l, wherein each of
said plurality of interferometric nodulators conprises a reflective
area, and wherein said respective areas are selected to produce said
white [ight having said standardi zed white point. 3. The apparatus of
Claim1, wherein s s one of standard
white points D154; ?61{5% @b%g%ggﬁcﬁlﬂg\ﬁ@@?p@%e y correlate with

col or tenperat ur esa proc&sséOfig, isGn Emﬁﬂﬁ,calacmmmm&n with §Elrcbata]pmmae display
of Claiml, further copprising a sou cedo |IIumnat|on f sai d
plurality of iFEBFTePERIPFISIOTRSHE capibrEed prepesyiege dgs: 4 Ium‘ nation

having a di fferent i Gxg&@ic@ﬂ%é@%ﬁ%ﬁ?@érﬂmﬂﬁﬁgﬁ%e&tﬂ‘@ﬂ frobb@hl havi ng

sai d standardi zed ol nt spl ay apparatus, tonprising: at
| east one display element, said display el ement conprising a

T R R T R Gt B
el ement ig,gqf l%EsIt%Hc ng.lﬂ&@M&1Mtsﬁdls@§Ielﬁh tacterized by a

standardi zed white po when 11 um nate Whl te light having a
different white point. -19 6. The apparatus of Claimb5, wherein said
at | east one diGpl a@phecdppamtils of Caifr 155 Gthar Ednisrising &/ cafirotiersq@néiyured to send
el enent s haV| ng different, spectral output that together produce

whi te | i gHtleashapertionpf %lweéa@tt%ﬁ?d%ﬂmeiéacm te point. 7. The
apparatus of Claimb5, wherei n sai d at Ieast one displ ay el enent
conprises a pl aI| of dis Y&l e aving .an area from which
Taht s rof hebt ad Tt raraE of Qg To Sust o BPPls 2o foads ol by
el ement s &fn@igﬁ@ﬂ@@!&éﬁﬂ shlqlﬁa@@&m@tovmidtlﬂodesmﬂt characterized by said
standardi zed white point. 8. The apparatus of C ainb, wherein said at

| east one display elenent conprises at |east one display el ement
configured to Hut puTheraqx;batathf Claim 1 2asbereinesadi ispia powete mexdoleicomprises at

confi gure@ to ou{ reen |i dg;nd at |east one display element is
conf i gur e?t'8956 fg{ff*e‘ Fry anseei ‘Fft ramitehnpar at us of O ai m 5,
wherein said at | east one display el enent conprises one or nore

di splay el emenig Copf mﬂ@%&g}]t& 198 YA g’dlﬁié ol EQHQ am#q;u? dethEOanggred to

The apparatus of dai erein sai | ng°surface
posi ti onefkcéite tput data and to communicate said input data to said processor.

20.  The apparatus of Claim 5, wherein said at least one display element comprises

at least one interferometric modulator.

21. A method of fabricating a display, comprising:

forming at least one display element configured to output light, wherein
forming said display element comprises forming a partially reflective surface and a
reflective surface that is configured to be positioned at a distance from said partially
reflective surface,

wherein at least one display element is formed so that white light produced by
said display element is characterized by a standardized white point when illuminated

with white light having a different white point.
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di stance fromsaid partially reflective surface to produce said white
|l ight characterized by a standardized white point. 11. The apparatus
of Caimb5, wherein said standardi zed white point is one of standard
white points D55, D65 and D75, which respectively correlate with

col or tenperapr esTif nthAS Chik MK furded compASike fdmning e 16dRP BV@ duplay
of CAaimb5, further conprising at |east one filter associated with

the at | eelsmentpavhgreiphaig aéleastetio, displiy elements rare; tymied withgrespective areas from

sel ectively. trapsmt,certain.yisible vel engt hs, a suhst ant.i.al |
filtor o Wbich @B e RitErtRds dRmsT ey SRR IFast g dfsplay
13. The apeReAs prodate Whitd M3 chirbdtbRl by QMR klahd28ized KRS FSINOf
illumnation for the at |east one display elenent, the source of

illumnation having a different white point than said |ight

reflected by s23.d dTispinethod -of Cldivh, 2 IThehepipafoaning seifl ablaisnois, difplast dlement
conprising: a.praqcessor that is.in electrical co nication wth said
o enct " Soradtis SR s e ome ey Btk cEBhesbRl Tyl dill of 3 one
process i gRAIGy RhRnt ANGgfedROBE VdrCI8ght, "hin@ laf Tehtiona ldi &g'&%eﬁﬁ&éﬂﬂ@rd
with said p?ﬂo)((:esso?. 15.gar'lqhe ap%gt(rj%t us?gof d gi m 14, fhs?t er °

conpri si ntp eutpitblrerigbt.r cuit configured to send at |east one signal
to said at |east one display elenent. 16. The apparatus of O aim 15,

further conprisjng contrqller copnfigured to send, at |east a
portion of sai#f*i na@ée @ahadias é‘%}ﬂu%rw Fin dprmipg ?@Idf?ieaﬁ*h@eafbﬁéffya‘ilﬁfgem
of Claim 3 | S j J|R I :
cend oai 7 RS B GATR GloHarh) AGRARGORURE RN Bl Sk QA SELd
17, wherein said image source nodul e conprises at |east one of a

recei ver, trangsei VEie nfbdt 620Nt 2 B furth&. cobiiRistpPaiotidity 8ff lebdtadn® filter
14, further conprising an input device configured to receive input
dat a and ewodaiadumilc stid & alcesti mgudisplex glement gaid pir ke sensy filtgrpconfigared to

f .Clai ' in_said di spl .
comr + seq st Spat ey B Phvel AR, RRE oo Aty RO Bl st

fabricati g@vaedhitispl @y, conprising: fornmng at |east one display
el ement configured to output |ight, wherein

26.  The method of Claim 21, wherein said light reflected by said display has a
different white point than light illuminating said display.

27.  The method of Claim 21, wherein said white point is one of standard white
points D55, D65 and D75, which respectively correlate with color temperatures of 5,500°K,
6,500°K, and 7,500°K.

28.  The method of Claim 21, wherein forming said at least one display element

comprises forming an interferometric modulator.
29. A display fabricated by the method of Claim 21.

30. A display apparatus, comprising:
first means for selectively reflecting light having a first color;

second means for selectively reflecting light having a second color; and

-22.



form ng said display el enment conprises formng a partially reflective
surface and a reflective surface that is configured to be positioned
at a distance fromsaid partially reflective surface, wherein at

| east one display elenment is formed so that white |ight produced by
sai d display el eﬁeﬂhirﬂ&leﬁﬁﬂfoﬁ@él&u‘ﬁivé’lﬁ(i’eft&tiﬂg BiAREGERE h ZRA it € poi nt
when illumnated with white |light having a different white point.

-21 22. The net hod whergnsaid zflected Highteof saishPrst.sieennd; endrihing refle¢tingsmeans

t di spl | ts wh [ [ t. | Lt di g ts.
Formed wi th r gt e Tpe iy fefiuRlRias: €S PRFlAEL HRR a0 ven
respect i ve i SARRGARPHESHRSER Hhlitk 1 93T Herluti@ B { Yo i Spl ay

el ements produce white |ight characterized by said standardi zed white
point. 23. The method of Caim21, wherein formng said at |east one

di spl ay el ene o rises formn | east onge.displ ay, el t
configured t on%lut pﬁfﬁ)er %Dt?afalnﬁh?fl,% lﬁﬁ“ ?’Qag’gerSWesa“gp’ésﬁl %&0'}«-@ éﬂ‘gﬁﬁ% means for
confi gur eguth@tiftligHt cahp@st hiphitalityasrddighlay RRsenfN@ach SPlsAM EYHAEBlements
configured tli)t pf_i)é(;uitgput bl ue | ight .ty24. %ej, met hod of Claim 21,Iﬁ%erei n
form ng seineprising eaeflecive serfapg| copfigyredrinbe positipngdsetsa tistarice drom a|pegislly
one di spl I configured to individually output white |ight.

25. The n%?‘ﬁ%g%gﬁﬁéﬁeai m 21, further conprising providing at |east one
filter associated with said at |east one display elenent, said at

lleast one filtgr coryfd QFﬁ&QruE Oof ¥8AiRC 130V Studthdr’ REBPHSing Shbak Nfof| ﬁl&kﬁely
wavel engt hs and substantially filter other vi sible wavel engths. 26.
The net hottarsiGhgicentddd yisibbewavatengthis dnd fupistantiadlyl fdtering other siaiblk wavstengths.
has a different white point than light illum nating said display.

27. The nethod_ _of Caim 21, wherein said white point js one of .
standard whi t e33-poi Hies appssatuped Hln|§?5,W1WFﬁ1’érﬁalde§?r]%‘6tVFlYeF9ﬂS§B‘FlPél1&?3@3
with colo es of 5,500K, 6,500K, and 7,500K. 28. The

met hod of Ec@é‘sﬁgéﬁtw\)\herei n formng said at | east one display el ement
conprises formng an interferometric nodulator. 29. A display
fabricated by the npid&fpariusdECHIE 30, whblein/Safli SBARYJiIAIPRARS PSint is one of

conprising: first neans for selective1y reflecting light having a
first col #tandard white points D55, D65 and D75, which respectively correlate with color

temperatures of 5,500°K, 6,500°K, and 7,500°K.

35.  The apparatus of Claim 30, further comprising illumination means having a
different white point than said white light produced by said first, second, and third means for

selectively reflecting light.

36.  The apparatus of Claim 30, wherein said first and second means for selectively

reflecting light comprises first and second pixels, respectively.

37.  The apparatus of any of Claims 30-36, wherein said first, second, and third
means for outputting light comprises first, second, and third interferometric modulators,

respectively.

38. A display apparatus, comprising:

means for reflecting light; and
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second means for selectively reflecting |ight having a second col or;
and -22 third neans for selectively reflecting light having a third
color, wherein said reflected light of said first, second, and third
reflecting neans conbines to produce white |ight characterized by a
st andar di zed whi t e jpeimtfomfaetiallyirbflestihgagied with white |ight having a
different white point. 31. The apparatus of Cl aim 30, wherein said
first, second, and Whereia, sajfe saflecting meenst gng: saich gartipy reflestipg imeensg comprise
plurality of displ lenents.,.e of said display el enents
conprising a r%?@gggﬁﬁgﬁgﬁ?ggggn%ggﬁﬁgured to be positioned at a

di stance from a paryhétiny saidefdigdyinge mesht age cosfigurddietoanpgiat whitdf light
Claim 30, further conprising neans for selectively transmtting )
certain visi bl ehayasiesized by hstaadaidigebwhideipeiat wher illuménatedgwith white ligktihoyviag
wavel engt hs.  33. Thg Earaéus of Claim 32, wherein said selectively
transmtting neSHSTen 8%& PE8% a filter. 34. The apparatus of C aim

30, wherein said standardi zed white point is one of standard white
poi nts D55, D65 and D75, which respectively correlate with col or ]

t enper at ur es 0$9.5, sbwxarperabeo, Claimy 3% vdwoyn sag partisly sgileating meansfcomprises
Cl ai m 30,

i o poi APHTALIgEAR hiknt s AL OARR AR IR B EHIBRE ™" g

third neans for selectively reflecting light. 36. The apparatus of

Cl aim 30, whergyn sthdagpafahls FClaiRe 39 NhIBA RS d dNplaSRIgaBbdnY RbMprises at least
reflecting Iight conprises first and second pixels, respectively. 37.
The appar evadispéy elepensf Cl ai ns 30- 36, wherein said first, second, and
third means for outputting |ight conprises first, second, and third

interferonetric nodyl ators, re ctively, 38. A display apparatus,
conprising: nthns TB% @%%rﬁ@ét?fflg?qmgﬁ@; Whergin said ‘i‘fe&ﬁ%‘ PR db‘ﬁﬁ‘b’i gppgnt

flecti i aht | : : o ; gt
T TR Yo ) O S

produce white light characterized by a standardized white point.

42.  The apparatus of Claim 40, wherein the at least one display element
comprises at least one display element configured to output red light, a display element
configured to output green light, and a display element configured to output blue light,
wherein said red light, said green light, and said blue light combine to produce said white

output.

43,  The apparatus of Claim 40, wherein the at least one display element
comprises at least one display element a plurality of display elements having an area from
which light is reflected and wherein said respective areas of said display elements are

selected to produce white light characterized by said standardized white point.

44.  The apparatus of Claim 40, wherein said at least one display element

comprises one or more display elements configured to individually output white light.
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wherein said displaying neans is configured to output white |ight
characterized by a standardi zed white point when illum nated wth
white light having a different white point. 39. The apparatus of
Claim 38, wherein said partially reflecting neans conprises a

partially reflggti V'EheSlzlf) @68s JTACaah d40,elvh@einl B4d "RAREstCORP HisPRY élement
reflective surface. he a|lopar atus of Claima38, wherein sald

di spl ayi ngompriass (msntp;r moes disp aYealsment@n@nﬁgLypql 49 iofliaidually onput Twhite light
appar at us of ai | east one display el ement

conpri sesdéar?)clgﬁzgﬂ St&flm@%fhgf)&ggl% %S}ent s having different spectral

out put that together produce white |ight characterized by a

standar di zed wgite pgi ef}:g)araﬁ% of ClAnPRD RIS a‘?& reﬂe@ﬁr%] ﬁ?fgpﬁ"fg% r&ﬂ% be

at | east one display e conpri Ses at east on y elene
conf i gur edoditbonedtaput disded frgit said paitislhy asfleetienrentace donfrodyce edidt whlte hght

out put green |i and i spl el.enment configured to output blue
light, whRarest %ﬁ‘;i’ﬁars‘éﬂgarr&'ﬁﬁffvﬁéﬁi"amgreen light, and said blue |ight
conbi ne to produce said vvhi te output. 43 The apparatus of C aim 40,
wherein the at,4eas EnE Xolpnelg t el :

‘} eo | & agkflﬁ:lﬁlnl A e er&ﬁrg? lle%?%n@ of sgﬁlsﬁlg@gf reloerr%e:nts

di spl ay el errent a plura enments having an ar

whi ch | i gbhémpisses ef |fdtt ecbnfigaredher eeinctsfalyd traesyne adertyia  aisids vodvekagtts and
di splay el enents el ected to_produce white |ight characterized

by said sﬁ‘é’ﬁﬁ‘épﬁlygf[él& eféls’é?g‘?%"eql SThe apparatus of C ai m 40,
wherein said at | east one di spl ay el errent conprises one or nore

P Senen ST G 0 PR e

el enent  G@ARMd SWBItORIME DHS, eDéSS@ﬁcBM)'FS eWRidh SregRtil-Ayr &dTeme W1th color
individually output white |ight characterized by a standardized

whi t e poi tmperEsuresTpieS, SHPKs 6.50@ Ko nd7.800K40, wherein said reflecting
surface is configured to be positioned at a distance fromsaid

partially reflective surface t roqyc aid white Iight
characteri zed §§ 'E}l‘eaﬁﬂ’éfﬂ‘?sz%fgcﬁm Sg E‘S‘?‘Fﬁcmﬂ’fmng%“g'ﬁﬁﬁrr%ltt%gc}’fght said
d ai m 40, pfl&gﬂugmrﬁeﬁs L& urdN Qo Okels@ivalyd taRbAY é‘érﬁﬁ?n&ﬁblec%mél'eﬁ s Sand

filter con ed to selectively transnit certain visible wavel engt hs
and subssastangallyfilterlother vistbhewavel gighils evhenvlbinengedwith white light.

50.  The apparatus of Claim 49, wherein said filtering means comprises at least

one filter,

51.  The apparatus of Claim 38, further comprising means for illuminating said
reflecting means and said partially reflecting means, said illuminating means outputting light

having a different white point than said light reflected by said display.

52.  The apparatus of Claim 51, wherein said illuminating means comprises a

source of illumination.

53.  The apparatus of Claim 38, wherein said displaying means comprises at least

one interferometric modulator.
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48. The apparatus of C aim 38, wherein said standardi zed white point

is one of standard white points D55, D65 and D75, which respectively
correlate with color tenperatures of 5,500K, 6,500K and 7,500K 49.
The apparatus of Claim 38, further conprising neans for filtering

light, said fidteriO. FRANs FQhibBUr 8d38,Qr38! @ﬁ&’eﬁﬁe‘éa)ﬁ 15% R&ths a dlfferent
certain visible wavel engths and substantially filter other visib

wavel engt whitewbaint is lptayvided dyed indandesednit fightl i ght . 50. The appar at us of
Claim 49, wherein said filteri ng means conprises at | east one

filter. 51. The apparatus of im38, further conprisj means

i | luminating sai-d His waanwg)fr%aﬁ@ lafe3&4r dSpuherem soid 1#3? Ihé‘élflg ﬁghfferent

i e por i poslie R MR R MR 19 L 37 opiay: 52, The

apparatus of C aimb51, wherei n said illumnating nmeans conprises a

source of il usg natTikNappariius WTCI@iRRar, 3t 88, R38CvAér@in3id N hevifg 8 different
di spl ayi ng nmeans conprises at |east one int erferometric nodul at or.

-25 54. Twhitappiariasudight: Clains 1, 5, 30, or 38, wherein said |light
having a different white point is provided by an incandescent l'i ght.

55. The appar atus d al 1, .30, 38 erein | i.ght .. .
havi ng a di ffe#yent Of}i'/ﬁﬁppér 'Orﬁtc’?;flglsgr%godgrdg'sowi‘ﬁmfrf% ‘ilgci%i‘&me.pomt
56. The appakadbd vfiteQ@odit 5 5kvhish cotblatéd widPa cd’l@ﬁt@ﬁﬁ&aﬁ@é &k 4 5@PK.

having a different white point is sunlight. 57. The apparat us of

Claims 1, 5, 30, or 38, wherein said standardi zed white point is a
st andard whit e5%oi nThd:ﬁﬁ)amhisajf (lamsdl 5t30s ond &, lwhareirosaid sthusdaodiz et wikies point

5, 500K. 58. The parat Us .o , 5,.30, or 38, wher sai d
st andar di StFiap %mwntqégu%wﬁ%wm%@mwermeaﬁg R
correlates with a col or terrper ature of 6, 500K. 59. The appar at us of

Caim 1, 5, 3 nﬁ%‘é‘@ 15 g tﬁngﬁéf%%ged"ghé gtfu?c% itz éit»bl?ue hoint

st andard whi te poi hcorrel aresw

7, 500K. 6@ a stdiariiiiechoitt I Saviic R dorréldiey witta S@Ibﬂtehllpﬁrlafuré'laﬁﬂ HE°K.
d|fferent white point is provided by an incandescent light. 61. The

nmet hod of Caim 21, wherein said |ight having a different white point
is 60.  The method of Claim 21, wherein said light having a different white point is

provided by an incandescent light.

61.  The method of Claim 21, wherein said light having a different white point is
provided by a fluorescent light.

62.  The method of Claim 21, wherein said light having a different white point is
sunlight.

63.  The method of Claim 21, wherein said standardized white point is a standard

white point D55 which correlates with a color temperature of 5,500°K.

64.  The method of Claim 21, wherein said standardized white point is a standard
white point D65 which correlates with a color temperature of 6,500°K.
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provi ded by a fluorescent light. 62. The nethod of C aim 21, wherein
said light having a different white point is sunlight. 63. The

nmet hod of C aim 21, wherein said standardi zed white point is a
standard white point D55 which correlates with a color tenperature

of 5,500K. 64.g5The Rt 2 I

white point is 5a st%dﬁ?g"@%ﬂag‘h% ‘Elqher %aﬁhﬂa Qllé%reraéﬁn ﬂ{ﬂ?ﬁ standard
col or t enpkitexiainteD T which 0i€late 2Gith 5 colbhenmetanae oHT,S@°K. m 21, wherein
said standardi zed white point is a standard white point D75 which
correlates with a color tenperature of 7,500K. -27
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