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The present i1 nvention relates to an Organic Light Emtting Device ("OLED")

vi deo di splay structure for a color video display or high brightness
nmonochr ome di splay. Mre specifically, the present invention relates to

an OLEphs8 Refepsnee/is Reldted PatehtrAppikcmiion 10 | i ght eni ssion.
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any of orescent organic solids. The light-emtting | ayer
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Wien a potential difference is applied across the device, negatively
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t he R@l Bsht emidsidreCting layer and finally into the sane organic
light-enTtting layer(s). Wien the positive and negati ve charges neet in

the | ayBackgréundgefitheriivention t hey conbi ne, and produce photons.

Organic light emitting devices have been known for approximately two decades. OLEDs

work on certain general principles. An OLED is typically a laminate formed on a substrate such as
soda-lime glass or silicon. A light-emitting layer of a luminescent organic solid, as well as adjacent
15 semiconductor layers, are sandwiched between a cathode and an anode. The semiconductor layers
may be hole-injecting or electron-injecting layers. The light-emitting layer may be selected from
any of a multitude of fluorescent organic solids. The light-emitting layer may consist of multiple
sublayers or a single blended layer.
When a potential difference is applied across the device, negatively charged electrons move
20 from the cathode to the electron-injecting layer and finally into the layer(s) of organic material. At
the same time positive charges, typically referred to as holes, move from the anode to the hole-
injecting layer and finally into the same organic light-emitting layer(s). When the positive and
negative charges meet in the layer(s) of organic material, they combine, and produce photons.
The wave length -- and consequently the color -- of the photons depends on the material
25 properties of the organic material in which the photons are generated. The color of light emitted
from the OLED can be controlled by the selection of the organic material, or by the selection of
dopants, or by other techniques known in the art. Different colored light may be generated by
mixing the emitted light from different OLEDs. For example, white light is produced by mixing

blue, red, and green light simultaneously.
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than for a constant voltage drive. This is in contrast to many ot her
di spl agcansentiviitage deve.vilicls imeantrasttermany other display teshinelagigsvihiehaye namepdly As

aresult, ap active matrix display using QL echnol requires . a
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single substrate and arranged in groups in a‘regular grid pattern.
Several OLER grynipal rhatrixtaddreasedoDUEDR deviaef ntumeraypsi QLERy asth formed onoarsingle
cat hode, or cathode line. Several O'E% gdroupsS form)ﬂg a rowfof .
substrate and arranged in groups in a regular grid pattern. Severa D groups forming a column

of the grid may share a common cathode, or cathode line. Several OLED groups forming a row of

15 the grid may share a common anode, or anode line. The individual OLED:s in a given group emit
light when their cathode line and anode line are activated at the same time. A group of OLEDs
within the matrix may form one pixel in a display, with each OLED usually serving as one subpixel
or pixel cell.

OLEDs have a number of beneficial characteristics. These include: a low activation voltage

20 (about 5 volts); fast response when formed with a thin light-emitting layer; high brightness in
proportion to the injected electric current; high visibility due to self-emission; superior impact
resistance; and ease of handling of the solid state devices in which they are used. OLEDs, have
practical application in television, graphic display systems, and digital printing. Although
substantial progress has been made in the development of OLED:s to date, additional challenges

25 remain. For example, OLED:s continue to face a general series of problems associated with their
long-term stability. In particular, during operation the layers of organic film may undergo
recrystalizationor other structural changes that adversely affect the emissive properties of the device.

Exposure to air and moisture presents unique problems with respect to OLEDs. Exposing
a conventional OLED to the atmosphere shortens its life. The organic material in the light-emitting
30 layer(s) reacts with water vapor, oxygen, etc. Lifetimes of 5,000 to 35,000 hours have been obtained

for evaporated films and greater than 5,000 hours for polymers. However, these values are typically
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oper at | ePipYed fREPIRERCHAS ar wlm&tr@rgmﬂﬁctwv@wgemevmes arq typigally not effective
for sealing OLEDs. For example, in the "silicon oil method" of sealing inorganic electroluminescent

devices, the silicon oil can infiltrate the light-emitting layer of an OLED, the electrodes, and any

15 hole-injecting or electron-injecting layers. This may alter the organic light-emitting layer, reducing
or eliminating its light emission properties. Likewise, resin coatings that have been used to protect
inorganic EL devices are not suited for OLEDs. The solvent used in the resin coating solution tends
to infiltrate the light-emitting layer of the OLED, degrading the light emission properties of the
device. .

20 Protective films may be used to seal OLEDs. For example, an electrically insulating polymer
may be deposited on an outer surface of the OLED. Evaporated metal films are also used to seal
OLEDs in a similar manner. Evaporated metal and polymer films are both susceptible to pinholes.
To avoid pinholes these films must be relativelylthick and hence result in poor light transmission.
Accordingly, there remains a need for a method of sealing an OLED which does not degrade light

25 emissions from the device.

Edge shorting between the cathode and anode layers is another problem affecting most
conventional OLED devices. Edge shorting reduces the illumination potential of the display. Edge
shorting is the channeling of light within the organic layers. As a result of the channeling, light is
not directed toward the viewer. Also, when light is emitted at all forward angles, i.e., in a

30 Lambertian manner, it may activate neighboring OLEDs reducing contrast or color purity. Thus,
there is a need to develop a microcavity structure capable of limiting edge shorting and increasing

illumination.
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It is another object of the present invention to provide an organic light emitting devite with
improved light directionality.
A further object of the present invention is to provide a method and structure for sealing
organic light emitting devices which provides a substantially moisture free OLED without degrading
25 light emissions.
It is a further object of the present invention to provide an organic light emitting device with
relatively no reduction in illumination during periods of sustained activity.
Another object of the present invention is to provide a matrix of organic light emitting
devices with improved color purity.
30 It is a further object of the present invention to provide a matrix of organic light emitting

devices with high ambient light contrast.
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li ght  ghdapéefor ees@ridting light emission may comprise either a layer of dielectric material or a plurality

of layers of dielectric material. The means for restricting light emission may also comprise either

a layer of transparent conductor material or multiple layers of transparent conductor material which
15 overlie the first conductor and underlie the light emitting organic material. The first conductor may

be planarized. Each of the plurality of layers of dielectric material may have a different index of

refraction from that of any adjacent layer. The layers of dielectric may be deposited or evaporated

atan angle to the substrate surface. Alternatively, the dielectric layers may be constructed while the

substrate is rotating. The device may further comprise a transition layer underlying the first
20 conductor and a barrier layer overlying the second conductor.

The barrier layer comprises a diamond-like carbon material and may function as an electron
injector. The device of the present invention may further comprise a getter layer overlying the
second conductor and underlying the barrier layer, and a sealing layer overlying the barrier layer.
The sealing layer may comprise a heat adhesive seal. The device may further comprise a getter layer

25 overlying the layer of light emitting organic material and underlying the second conductor. The
device may further comprise a top cover overlying the barrier layer.

The present invention includes an innovative organic light emitting display comprising:

a planar substrate having a perimeter and comprising a plurality of organic light emitting devices,
wherein each of the plurality of organic light emitting devices is capable of being placed in various
30 current or voltage states by a plurality of drivers; the plurality of organic light emitting devices

comprise first and second conductors capable of receiving signals from the plurality of drivers. and
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and/or “fromthe practice of the rnvention. Summary of the Invention 5
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econom cal orgapic . light .emttjng.device congprisi,ng: a substrate. a
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device's substrate is substantially planar and nay conprise a silicon .

waf etd The ihepessertanvention includes anipngiaivemgthed affabrisating anesganiclight pmitting

S r}ie\\/'\{%g g&mfaﬁsiﬁé]&efs{eﬁ be: %961:‘5'&18& QE)lanm%bstrate; constructing a first conductor over the

planar substrate: constructing a layer of light emitting organic material overlying the first conductor;

constructing a second conductor overlying the layer of light emitting material; and constructing a

plurality of layers of dielectric material over the second conductor for restricting light emission in

15 directions parallel to the planar substrate. The step of constructing a first conductor may include

planarizing the first conductor. The step of constructing a first conductor may include tapering the

edges of the first conductor. The step of planarizing the first conductor may comprise: forming the

first conductor; depositing a layer of dielectric material over the first conductor; and chemical

mechanically polishing the surface of the dielectric material creating a planarized planar surface

20 comprising both conductor and dielectric materials. The method of fabricating the organic light

emitting device may further include the step of ion bombarding the dielectric materials during the

steps of constructing a plurality of layers of dielectric material. The innovative method may further

include the step of constructing a layer of getter material overlying the second conductor. The step

of constructing the plurality of layers of dielectric material may include evaporating or depositing

25 the materials at an angle to the substrate surface. The method may further comprise the step of

constructing a barrier layer over the second conductor. The barrier layer may comprise diamond-like
carbon material.

It is to be understood that both the foregoing general description and the following detailed

description are exemplary and explanatory only, and are not restrictive of the invention as claimed.

30 Theaccompanying drawings, which are incorporated herein by reference, and which constitute a part

of this specification, illustrate certain embodiments of the invention, and together with the detailed

description serve to explain the principles of the present invention.

6
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S 15 according to an embodiment of the present invention.

Fig. 8 is a simplified schematic representation of a matrix layout according to the present

invention.

Detailed Description of the invention
Fig. 1 discloses an organic light emitting device ("OLED") constructed according to the

20 present invention. As embodied herein. OLED 10 of the present invention is shown in Fig. 1 and
includes a substrate 100. Overlying the substrate 100 is a first conductor 200. Overlying the first
conductor 200 is a second conductor 250. Sandwiched between the conductor layers is a layer of
light emitting organic material 300. Overlying the conductors and the organic material is atop cover
500. Between the second conductor 250 and the top cover 500 is a microcavity stack 400.

25 The substrate 100 is substantially planar and underlies and provides support for the entire
OLED structure. The first and second conductors 200 and 250 function as either electron injecting
or hole inj egting layers. When the positive and negative charges from the conductors meet in the
layer of organic material 300, light is emitted. OLED 10 of the present invention may emit light
through either the top cover 500 or the substrate 100. The microcavity stack 400 functions to restrict

30 lightemissions in directions parallel to the substrate 100 and also provides increased light emissions
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wherein a plurality of interstices exist between the plurality of erganic
light emtting devices; a black matrix overlying the substrate and

| ocat ed i nwiomssosdser sti ces between and around each of the plRGEVUSAB(A2694 of

organic light emtting devices; and a top cover overlying the plurality of
organic light emtting devices. The plurality of drivers may be an
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order to minimize pinhole density in the layers. An evaporation angle of approximately 30 to 50

25 degreesis preferred. As analternative to evaporation, sputter depositing may also be used to reduce
pinhole densities. For better results, the deposition may be conducted while the OLED structure is
rotating. Shallow angle evaporation and sputter deposition reduce the pinhole density of the
microcavity stack 400 below values normally obtained using conventional 90 degree deposition
methods. Layers of transparent conductor may also be interspersed within the microcavity stack

30 400. For example, a layer of ITO may be mixed between the layers of dielectric material.

Zirconium oxide, silicon carbide, silicon oxide, silicon dioxide and lithium flouride are

suitable dielectric materials for the layers which comprise the microcavity stack 400. The preferred

8
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6 Brief Description of the Draw ngs Fig. 1 is a side
perspective view of an organic light emtting display devi cgﬁ@%g@ '699 to

t he pr WIS ent i on. Fig. 2 is a side perspetti W of an
organic light emtting display device according to 5 anot her enbodi nent of

t he present invention. Fig. 3 is a side perspective view of an

or gani procésghdf dupositing ghelidiglectyic draterial iscspaneti o idnobeam aleposidon detanse nigese of
the present invention. Fi 4 is_a side perspective view of an

or gani procesges regult indnorgased densificaian agélaa&%ffaqengeﬁoé indices of rafrtien PRSWEsRNME of
L o el EytBoratifh o lowtemplrtuure CUD AP AL bl G RASaIRAGI ORRce b

enbodi MRAfisedf idd Wonib2dRBit dufingdepctition of the dielectriingaterfalhas Rappndvaatages. dRos
sectional view of certain layers of an organic light emtting displa

accorxdexanple, iomerabastintieniailowsfa single mpatedialmay bausad fayithe entire microcaviy gt.a0¥ WY
i spl 2y sadc A0 then §° amirse irsatrentey s of e iied cofinrotin djpfedide il "9
Fig. 85 @03 rmite&ae@af,%gﬁ&eﬁt éd?ﬁﬁ&%%%DiéitQP(el(?é. 18,005 idy*bel dotiifled by ion

accordirng to“the presen I nventi on. ai I'ed Description of the

| nvent ibembardment and inkérspersed dieswéendeyersinf ondeasified dicledtrie materiah §e.gefn@k Ion
("OLED') constructed acgcor.ding to the 20 present ipnventj As .enbodi ed

her ei nbombandmept ajgo permIlsthin é?r%%r 3 tRREsH WEhinithe mIEQGavIty sieck 2&53 Wifich may W‘Fﬁ'}dﬁdes
a subst . ' Is a first conductor 200.

Over F@iah%?%%golfq}(?rs?%‘%éﬁ%%%ﬁﬁgrﬁ H%géxlgéf&g]éggé'ond conductor 250. Sandw ched
bet ween t he TheBehstrater100ak£y Sndeslicca playity of different subpixels or cells 10. The substrate

100 may be transparent if downward light emission is desired. The substrate 100 may be a planar

thin film transistor array contained on glass (similar to those typically used for TFT-LCD notebook

displays). The thin film transistor array may be placed on foil or ceramic. As an alternative to the
15 thin film transistor array, the planar substrate 100 may be formed from a silicon integrated circuit

wafer. As shown in Fig. 2, the silicon substrate layer 130 may comprise integrated circuits 120. The

integrated circuit 120 may be connected to the first conductor 200 by way of a plug or via 140. The

plug 140 is contained within an insulator 110 (e.g. SiO,). The via or plug 140 may be filled with hot

aluminum or tungsten which is chemical vapor deposited ("CVD") and may be planarized with the
20 surrounding insulator using chemical-mechanical polishing ("CMP").

The planar substrate 100 may include the matrix 800. shown in Fig. 8. The matrix 800
includes matrix lines 801 or 802 which are capable of carrying current or voltage pulses of selected
magnitudes. The pulses are provided to the matrix lines 801, 802 by drivers (not shown). The
signals from the drivers pass to the conductors 200, 205 through one the matrix lines 801 and 802,

25 theintegrated circuit 120 and the plug 140. The signal from the driver current of varying magnitude
to the conductors thereby determining whether or not each OLED or pixel cell, is on, off or at some
intermediate gray level.

The matrix address lines 801, 802 may be sequenced so that light emissions are constantly
changing. The viewer's eye integrates the emitted light to see images. The drivers are optimally

30 built into the substrate 100 in order to save space and to minimize the number of connections.
However, the drivers may be connected to the perimeter of the substrate 100 using TAB automated

bonding or other well known techniques. The drivers may provide merely on/off signals for some

9
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light emtting organic material 300. Overlying the conductors and the
organic material is a top cover 500. Between the second conductor 250
and the t owomsses28500 is a microcavity stack 400. 25 PORAUSASHZ6Mat e
100 is substantially planar and underlies and provi des support for the
entire OLED structure. The first and second conductors 200 and 250
functi 0 | ¢ al he
pos t | EPIRLBhe S o8 W pidRedsigR ebfidshee . oMy miUsE A il S e on

or gani Qllmaéxﬁrgrw 1e3618 fot prykidingsadeitidriab thfoimkation 10 tied vietver, and sissnéforenthe ririvers
may emt |ight through either the top cover 500 or the substrate 100.
The mi @%HRPM%MS&&P X@'@P"Plﬂ‘ﬂﬂn%% to restrict 30 light emissions in

di rections Aledivérs gbRerhdBoddiPilided ik thOS90 haBhOSboR The' ifRs hiAG HERSRL st

em ssi ons

t ovar sl eithér athsiwede bp Fﬁlsd iwigtht medulRes e Ret thel ddécticdurhiiescenb aispRiyeof té prdsed
cover 500 is typical transparent and provi des sealing and protection -
for thdnentipn pulse wisith modulanon is meferred beesse theyshanpaess of tige transter ifenction ligits

di.r ect | th bstrate 1
or ovi QG st SWEE et 1B pusk SR dled FEha) opmB op e ek R yheteack

400 5 mhdbal 1881 B! th et d o8 finel & e
m crocar{%l/?’%y st ac$<s %ﬁg | so di re‘%:ttg Hglv?/at?%glgﬁ?lgl&lgﬁ%%c Ed exeeﬁso‘ge}nﬁetﬁ?ed
i N a necalselwiddide modalativans éargel ¥ hesensidve cavhet yorsinifokmities Zbeﬁnafeaoﬂlﬂ'exsent bedls or

activation of neighhor I xel.s, .and i ases contrast. and color purity.
In t#kQ OL LE ?%‘?@FF@&“’énJ‘ﬁlb‘g} mﬂfytlﬁerqsp@ Sigﬁ9’eﬁ’1‘{lFCBH’8 Refueen tBe BrasAtepe

stack ﬁé{ﬁ\'{' t [
W t hin tgne scopg ? f env"gsﬁ% %ﬁlﬁ{%&?sﬁc tq‘g)e r%‘@?gl?gg? y St a%r s‘%&ag te%fﬁes
above am@fohﬁimvttquhememgaﬂdmcmmsmelﬂ 300. Wiile Fig. 1 shows mcrocavity

stack 400 as a discrete | ayer, is within the scope of the present
i nvention t Hdeal lﬁfh@ewpﬁmhqu@sber AGHVE ﬁgmfsm gentinygysly angd Fefresh adth a new signal every

cycle (e.g., each cell is typically refreshed 10-75 times a second). A short negative current pulse is

15 applied to a matrix line in order to refresh the cells connected to that line. This refreshing process
permits the brightest light to be produced for any given voltage that is applied to the conductors.
It is preferred that each OLED 10 include within its circuitry 120 a pair of transistors and a capacitor
in order to achieve this end, although there are many acceptable substrate circuit designs. Normally,
the image is presented to the viewer at all times except for during the brief period when a cell is

20 being refreshed. In addition to improving OLED brightness. the refreshing process improves the
OLED image retention immunity.

Fig. 3 discloses the first conductor 200 which may serve as either the cathode or anode. The
first conductor 200 may be formed from materials such as MoSI,, WSI,, Mo, Al. or aluminum alloys
such as Al-2% Cu or Al+5% Ti. The first conductor 200 includes a conductor pad 202 which may

25 be planarized with a surrounding dielectric 201. Silicon dioxide is a preferred material for the
dielectric 201. Prior to planarization the conductor pad 202 is formed thicker than required. A 500
nm amount of conductor is deposited followed by the deposition of 1,000 nm of silicon dioxide. The
combined surface is chemically mechanically polished in order to leave a planar surface of mixed
conductor and dielectric. The use of planarized conductor pads avoids edge steps which can result

30 inthinning of the organic materials, and breakdown failures or broken conductors during fabrication.

As shown in Fig. 4, the first conductor 200 comprises a conductor pad 202 with tapered side

walls of at least 30 degrees or even more. The sloped conductor pad 202 is surrounded by a
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SUBSTITUTE SHEET (RULE 26)



may be bl ended into the other elenents of the OLED, e.g., the conductor

| ayers. The m crocavity stack 400 nay conprise alt ' ayers
of di el ectWPE¥a¥R®&ri al deposited on top of one anot her. I':%E:%Jg{ig?&of
dielectric material may be chosen for its index of refraction. 15 The

t hi cknesses of each layer of dielectric material may be cal cul ated using

f or mul amnsicioftayey203 capable bihljecting hbles seelsttrdrise The trahsition layer 203 may bompriges s

of each |ayer depends upon the nunmber and type of | ayers, contained
Wi t hi n hﬂﬁémnil@lf‘%é’&i%“ﬁ?&b Qlegw%ﬁmt fpaienaly e Ther rston laypnsQ} may also

i or ocagtpyise B didlbdiif fisedaf BomBHiling s18 60/ kel CFARR 316 Wit P hidB: 1o ork
nar r ow fih@ioaediiihdhtofomprisimalkale or lkglive méthigkicleas €8, MasBaEsSe sreLidR? alloys

optim zed by the mcrocavity stack 400 so that the majority of the emtted
| i ght 5 faxinhigtures of these maserials.” The wansitiandeyer nay alsaieomprise othereygawie or ingrganic
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substrate 100 in order to mnimze pinhole density in the |ayers. An
evapor ahaypbe agiigved bl resigtredge ablandryd@ing RIE 0A 8 Shalem ire Etg. iSs therfafecanducto”A200n

o ol il BOBTRR s BRing et nd SISl Y, B RS St et
pi n FEe : . d
! ?ot(ﬁgte sg%'ggvgg Ié&gﬁmm% Mg+AECAd, Bflor @ﬂa&?@’grﬂ%@c&eﬁ RUPRR AR Eﬁskﬁg% ’

sput t er ce the®pi fthol e’ density m crocavity

400 bel 208. e isiectivnrenharicgmeht layerdthproies thedajevte ofthvits QRlebeonsintol theargdnion
met hods. Layers of transparent conductor may al so be interspersed within
the ni onaieBehi30P. stack 30 400. For exanple, a layer of ITO may be nixed

oi 1§ con car o B G ptes e T yEheh B R Sipanic mpterial 20p o SRR ot gy

silicon car bi con €

sui t abl 3100320 &330C Thedredngaent fithd lafers B)dRfesmined & tEOdiRciSA of Electfirthpedon t Y
stack 400. The preferred

8 15 into organje dayerstack 300 pWher eleptronsare|injectest from the bettom|ofitke pek 3040, layer
o beagy 1Bkl PeEAMRUopEE BALq; layer 320 is preferentially NPB; and layer 310 is CuPc.
In the case of top electron injection, the composition of layers 310 and 330 would switch. The
preferred thicknesses for the CuPc, NPB and Perylene doped BAlq layers are 15 nm, 60 nm, and 70

nm. respectively. The Perylene doped BAlq layer produces blue light. Blue to ultraviolet light is

20 preferred to obtain full color displays using color conversion. White emitters can be obtained from
either dysprosium dopant or a mixed layer emitter. Other colors, such as green or white on black,
may also be used for monochrome or multicolored displays. As an alternative, the layer of light
emitting organic material 300 may be comprise a single blended layer rather than separate distinct
layers.

25 Overlying the light emitting organic material 300 is the second conductor 250. As shown
in Fig. 3, the second conductor 250 includes a conductor layer 251 and a transition layer 253. The
transition layer 253 is preferentially formed from either LiF or barium and has a thickness of
approximately 10 nms. In order to simplify fabrication, transition layers 253 and 203 are generally
composed of identical materials. The conductor layer 251 is formed by depositing ITO to a

30 thickness of approximately 150 nms using long throw distance S-gun sputtering. The S-gun sputter

deposition process will close off pinholes in the conductor layer. Shadow masks commonly used
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processes result in increased densification and |arge differences of

I ndi ces of refraction between the dielectric |layers. Evaporation or |ow
t enper at urwo@¥BP328Y al so be utilized as alternative processd®ETUSIBHR6Mse of
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matri x Mhisbanasoinclyde hydeogen shatijs transparsnk ardihas; 4 kigh refigetve ingex k22)p | Sygh filsps

The si gpal..{ Al t A ni h

conduct SR RFA By Heck ki ecth ot 8P AR B CVE S gat puchipg
on, of f nethané withnsmall dib\@it OE dkpden. dMhebatrédt @hyer 540 acts a barriet 6 rd¥Riubl poisture
address lines 801, 8 may be sgauenced so that light em ssions are

02 |
const antitn the OLER. Jibg farrier ayer 3diumayalsq servensadieat siek fonheas generated duripg light

[ - Th ] ' il Lnto t trate 100 i
or der S, issioh" Ine b BBl faf BlsbiIBrve s d Bl dieckBh dniiife WBRA FiicHodpg skt

the dri wféctornby bigiet pyeesueds typidalle doped MAHELithiund HEPAMARIH FoCeldQfbnUsH Hifle
TAB aut omat ed bondi ng or other well known techniques. The drivers may

provi deiniggtionyespegtvely-si gnal s for sone
9

As shown in Fig. 4, the barrier layer 540 underlies a sealing layer 530 and overlies the

microcavity stack 400. The barrier layer 540 may be formed using either shallow evaporation or
25 Plasma Enhanced Chemical Vapor Deposition ("PECVD"). The PECVD process may include, for
example, inductively coupled plasma using a methane and diluted CF, source plus an argon source.
Transparent inductively coupled plasma DLC films have low pinhole density and a high index of
refraction making them easy to use when mutually combined with PECVD evaporated or sputter
deposited silicon dioxide layers. Silicon carbide formed from PECVD or evaporation may be used

30 in lieu of the DLC high index of refraction layers.
As shown in Fig. 7, the barrier layer 540 may comprise an upper DLC layer 541 and a lower

DLC layer 542. Multiple layers of getter material 545 and 546 may be formed within the top layer
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applications such as word processing or spreadsheet. However, nost software

relies heavily upon different gray levels for providing 3’%&?‘&'}?}3?’9
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such 1asoihesirietically. packading electrdviic egkipment. al uni num al | oys such as Al -2% Cu
o T . : ,

or Al 5% Ti NG fihg Bhyef SR'HES Yova"S phitihy S0 PE5S 2015120 R 3 %Rephly. ™

sealing layer 530 is applied uniformly across the display to ensure no oxygen or moisture is trapped

within the display. The sealing layer 530 is preferentially formed in a vacuum environment. Ifa
vacuum environment is not available, the sealing layer 530 may be formed in an inert gas

20 environment such as nitrogen or argon. Adhesion in the sealing layer 530 may be induced by
selection of the proper sealing conditions. For example, exposing a display, fabricated according
to the present invention, to a temperature of 100°C and a pressure of 50 psi will normally induce
adhesion between the sealing gel and the surrounding layers. If the OLED is sealed in a vacuum,
the resulting gap may be eliminated when air pressure is returned to the exterior of the OLED.

25 The sealing layer 530 may include a heat adhesive perimeter seal (not shown). The perimeter
seal may be used alone or in conjunction with the sealing layer 530 which extends across the entire
display. Getter material such as finely divided Mg, Ba, Ca, Al or Ti may be mixed into the perimeter
seal for additional vapor collection. The perimeter seal typically comprises an ultraviolet light cured
epoxy.

30 The color converter layer 520 may be formed by providing color conversion dye materials
above the barrier layer 540. The color conversion dye materials work with an OLED emitter that

emits short wave length lights, for example blue, near ultraviolet. or ultraviolet. The dye materials
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25 be planarized with a surrounding dielectric 201. Silicon dioxide is a
preferred material for the dielectric 201. Prior to planarization, the
conduct or WO®P858828| s forned thi cker than required. A 500 BORUSIS(1A694 ot
conductor is deposited followed by the deposition of 1,000 nmof silicon
di oxi de. The conbi ned surface is chemcally nmechanically polished in
or der tgenéraRY QoMpHEAPRV tuséd a6r@peindsiof @ther fludesideintimatesials adld ateecnimerciallye
use of planarized conductor pads, avoi ds edge steps which can result_30 in
t hi nni rayaitebie &rom guany csoneaes rinelpdingq for @ﬁawiﬁdmnutw Ikasar Gorpesaieten The dye

conductecalh k2 dhest Har8 fenesh fighnan s B Aeddd 164 8be ipve ii iehl i
at | ea%g%%f}?gé&?&s ShchR4 sl dFpréen. ThEseToRR Bshveisd)<thateAsls #1a¥ bk &lecti% and

surrou

t r ans$ tpacemkd ye the208ergigss 518 usihg comeentionr] lithwigeaphir mednsc iThe dye matedials may be
transition |ayer 3 ri,se hariymtitanate aor ,other hi.gh

i o ectisPRocaat il colRt i ke d3Rlay il hEresm A pite RIS rLiF vaPtE rey IRt e
a diel ' L Al : | Wl KN LY ut
ow vorftelistie EBiihe i QERFerpihdb Al AkS iy, b usBRty G bl mithie e
as Cs, JdfhreBprimagy eolodsiandiresalt iny3/-fikeimages! Blwsconvettéradye materdal insdysbe used if

transition |ayer nlgé al so conprise other organic or inorganic i nj ector
mat er i aiesr-yltraNioles lightemittipglayerssee wiedt he pad 202 is achi eved by |

undergut ti ng: tihe, e . . ' ' ' t

bi 1 g adnaRy iIGF SR Reymay b BYR Githe LG At RS Corn S el T
by resi @jordleee nidh bR tusediwitt aiwititeidht eAtuiah exanio 1afdrB005 BlidgHtiehfiting @RgHARS Or
200 may include both the transition [ayer 203 and dielectric |ayer 201.
As i nj eatenal oahhe veadeyith op pathonoeqloanfitersofnfurtbengmbedimgntofithe colnyeonyerter
Pd. Pt or Ay,may. be included over the transition rrier 203. e

i ect i BreraAnERs e Y A DonRRR ok pP PR ot coRtneanveiion, AlBFtee
into th@g}ﬁﬁ&fb@ia&comﬂ&hﬂd'naiwn?rﬂ%eindustry. Fig. 5 discloses the |ayer of
light emtting organic material 300 which conprises three |ayers 310, 320
and 330. TheTke prasegtinyentiasfalsdhivcludgsthe upsofddackrmatrizar sflective nietabuenchas 803

el ectr Ostirro gx(r:xtg 'each subpixel or OLED 10. The black matrix or reflective metal trenches 803, shown

in Fig. 8, help to minimize channeling in the small pitch pixels and improve color purity. The black
matrix preferably comprises a mixture of co-evaporated 40 to 80% chromium and silicon oxide. If

the OLED is to be used in a head wearable application, e.g. medical imaging, night vision, or virtual

20 reality applications, it is preferred to use chromium or aluminum reflective barriers. The chromium
or aluminum barriers may provide more light output while at the same time controlling channeling.

It will be apparent to those skilled in the art that various modifications and variations can be

made in the construction, configuration, and/or operation of the present invention without departing
from the scope or spirit of the invention. For example, in the embodiments mentioned above,

25 various changes may be made to the composition of the organic material layers without departing
from the scope and spirit of the invention. Further, it may be appropriate to make additional
modifications or changes to microcavity structure without departing from the scope of the invention.
Thus. it is intended that the present invention cover the modifications and variations of the invention

provided they come within the scope of the appended claims and their equivalents.
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15 into organic |ayer stack 300." When el ectrons are injected fromthe

bott om of tack 300, | ay erentially Pery,

BAl q; Iay‘gbgg'f% S preferentﬁmnu mam”m! 'ﬁ%yer 310 is QJPcéﬁﬂggs?iﬂ

case of top electron injection, ct e Co on of layers 310 and 330 vvoul d
switch. The preferred thi cknesses for t he CuPc, NPB and Peryl ene doped
BAl q I€§leABMare 15 nm 60 nm and 70 nm respectively The Peryl ene

doped BAl q | d L. Bl I Let Ligh 0
or et er red 1o obtlal A% ERaE JSHY T A rarpRbe o Biveme § s fnfideor

e Ut h3GAR Hft pliha! ARAAEON layerof gl SR igdlcIRRRAI lerlyin] YR firgy e

er colors, such as green or white on may al so be used
f or rrmbndm:tcm;m secondu¢cniducton oeerlying phxdylayerﬁd‘ ]aghtalmmmgamawaal, tahe 2l meams fof
l'i ght emtili n% organi c.materi al e conprise a single blended

| ayer TeSEHE hight “‘éﬁ?f?&‘r‘&tdé"eﬂ‘i‘%‘tslmﬁ o ?aé gostrags Overlying the light
em tting organi o] : Hind N
Fig. 3, the sec?nﬁ%ﬁ%‘ﬁ%ﬁ %%gﬂggl ngllaﬁlsgé Wge%ﬁ%gisgés%ayer@ixg%\rllwdﬁgaﬂ
transiwafen | ayer 253. The transition layer 253 is preferentially forned
fromeither LiF or bariumand has a thickness of approximately 10 nns.
In order to sind-iThe dexiseiagcarding to claima; furdisr capprising 8 megnyifop oonngeting said

gener al,l |caI materials. The conductor |ayer 251 is
for rrecflb‘%}/’ M%stpts?ﬁjﬂfﬁcﬁn% 830 t hi ckness of approxi mately 150 nns using
I ong throw di st af)CEhededAide azBoYdir) toGaiml 1 SviRréiH RaidFitst @nductofis RRmatizéd)
process will close off pinholes in the conduct or | ayer. Shadow masks

comonly used 3. Thedeviceaccording to claim 1. wherein said means for restricting light enfigsion
in the el ectro qgstr%aalalal so be used to keep the transparent
conductoRESE: B "ﬁ"e‘btJ FEFHG and shorting out exposed |eads near the
perimeter of thes ditapied eaccordm oclat%?l Qe QH%d%?éangfoﬁé%ﬁf&m ﬁghmsé?&x
| ocat ed between the conduct or yer é t he transition yer

The gedotxqmshsag/phu:zﬂﬁﬁoﬁtagémm@dielwmymrml ses alternating | ayers of zinc
oxi de

7. The device according to claim 6, wherein each of said plurality of layers of
dielectric material has a different index of refraction from that of any adjacent layer.

8. The device according to claim 6, wherein at least one of said plurality of layers
of dielectric is deposited at an angle to said substrate. |

9. The device according to claim 6, wherein at least one of said plurality of
of layers of dielectric material is evaporated at an angle to said substrate.

10. The device according to claim 6, wherein said substrate is rotating when at least
one of said plurality of layers of dielectric material is constructed.

11. The device according to claim 1, wherein said means for restricting light
emission comprises a layer of transparent conductor material.

12. The device according to claim 1, wherein said means for restricting light
emission comprises a plurality of layers of transparent conductor material overlying said first
conductor and underlying said light emitting organic material.

13. The device according to claim 1, wherein | said means for restricting light

emission overlies said layer of light emitting organic material.

14. The device according to claim 1, further comprising a transition layer underlying

said first conductor.
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5 and al um num of approxi.mately 1 h. The | ayers which nake up the
getter layer 252 are = mm\mvaporat ed at shal | ow anagl es %e.g.
30 degr eeWP.985P¥8ol es |gﬁ\w ayer 252 may be redt 2%%e

shal | ow angl e evaporati @ ¢ * Overlying the second conductor 250 is
the top cover 500. Top cover 500 includes a protective cover glass 510,
a col or convert ets.| ' Byealeviee focobdifig t ddilin 1, firthepdoRiprisfiiy a bhhterldy@noverlyi saiti
cover glass 510 preferentially is formed fromsilicon and has a thickness
of appeessmdeandugtor.2 mm thick. The cover glass 510 may overly the entire
matri x 800. . shown..in. Fi.g. .2, barrier layer 540 overlies.the
m crocavity stac k6.4'8t7'd§5¥ﬁ5accor%gg 9 céepqmll y‘é{ ergwa@ﬁamqri@ r%“ﬁlpé};g? ‘5‘84F‘°gd'

di anonglkd daforpBielOUS carbon ("DLC') or silicon carbide (SiC), orin the
case of top injecting OLEDs a cesi um doped di anond-1|i ke carbi de conposition
(CsC 15 appr oxi mhi.elThe Ms¥iceacaonding0ts dailry 1 fiowvbereinagaid barriet Byesisaanf ¢leetron
consi sting of anorphous carbon, whi ch may include hydrogen, that is

1RICC

transp@¥¢m’- and has a high refractive index (>2). Such filns are

typical ly deposi {@driigel 'c@d}mfro@@ | Le: ar ﬁ,ﬁ;grggl D
froma gas such g ﬁe?ﬁgﬁcg?@mhgw.a sr%estf a%ﬁﬁ{p}%*n%gﬁgéeﬁ&?ﬁi@ ar |gf:v

| ayer $Seébndicémiuatoband iusderllying said barfibr lapérst ur e within the OLED. The
barrier layer 540 nay al so serve as a heat sink for heat generated during
li ght 20 eni ssi oh9- Theedsyaseaceprding toclaimyl Safusthes eomprising & seabing layer ayeslyingon

I nj ect Qr. ctioning as an I njector the barrier layer 540 is

typi caﬁuglb%%ggg\}g\ft h Lithiumor Palladiumfor electron or hole I nj ection
respectively.  20. The deviA® aSdvrdingitdcliing 1, fidrthdrit6mpALink @ gettétIBfer bARlyikphaid | es
a sealing layer 530 and overlies the m crocavity stack 400. The barrier -
| ayer Baer ofdight emittingrerganici mejenaliandunderlying said second sondwstasr 25 Pl asma

Enhanced Chem cal,, Vapor, Depositj.on (' RE ‘). The .PECVD process nm
Mncude. for - @kanBp RV BRIdE e IuE I Sther S SRR RUTRENS AR
di | ut egyrfekides@Alr CE Pl US an argon source. Transparent inductively coupl ed
plasma DLC filns have | ow pinhole density and a high index of refraction
maki ng t hem easy 22oThedevidescondingtbiclaing d fifurtber onirtpinisipig@\YOP comzpovealying said
sputteé . %gggsi ted silicon dioxide layers. Silicon carbide formed from
PECVD B#TEY, ation may be used 30 in lieu of the DLC high index of
refraction |ayer 93 _The device acclRiifB¥elainl!l Rliftrei saifl¥ibltd s plaraly r 540 may
conprise an upper DLC | ayer 541 and a | ower DLC layer 542. Multiple

| ayers of gett er 2dntardrgdni&ightamittingaievicg chmpfisinged planahsubstriate, ¢ompprisings

12

silicon wafer and a conducting plug, wherein said silicon wafer further comprises integrated
circuitry, and said conducting plug connects the integrated circuitry to a conductor pad, wherein said

conductor pad overlies said planar substrate; a layer of light emitting organic material overlying said

wh

conductive pad; a layer of getter material capable of reacting with water overlying said layer of light
emitting organic material: a transparent conductor layer overlying said getter layer; a plurality of
layers of dielectric material, wherein each of said plurality of layers of dielectric material has a
different index of refraction from any adjacent layer; a barrier layer overlying said layers of
dielectric material; wherein said barrier layer is formed from diamond-like carbon; and a transparent
top cover overlying said barrier layer.

25. An organic light emitting display comprising: a planar substrate further
comprising a perimeter and a plurality of organic light emitting devices, wherein each of said
plurality of organic light emitting devices is capable of being placed in different current or voltage
states by a plurality of drivers; said plurality of organic light emitting devices comprise first and

5 second conductors capable of receiving signals from the plurality of drivers and wherein a plurality
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541. The getter material |ayers may be “ d fromcal cium nagnesi um
titani umQp offseiggnNUM i N N““DLC or ot her diptEotisReos
materi al s 2[92” N err], Si owj\wmm}]\\ S ransparent conductor such as
ZnO may be used in place of

e transparent dielectric material in order to
provide_ added . conductivity. Wile, the structure and material.s sef .forth
P bove OlieTschs KisEBwErR S b Srietin fER Sphring druibesse RRskoustin qyaiving
CONDI | Sid Mt didd SRS 1AM iR ok Mbe il ROV ARl flXaf] icli

A seals?jrﬁfg%qFayer&{gB maly1 beelfﬁr?ﬁl Sd?ﬂe bet \/\/ee(ra?r(ﬂ?ge ar rflr er 'l ayewggffa{anr?élgphe
col or emitingrdesices; andaytep co@y . ovéhiping aaidipheraligyyefiorgdiic lightamittival deyicesal s t he
OLED in order to protect .the device from en_and mpi sture. The

VI CS 0XYyg
seal i ng | ayer 53$-ikhedisnlayof laimisyathersingach of s#dpiuralify|of davers presndntegral
si nk gel i el material nmay be dried extensively by heating in
a hi g%’a\’}‘aog%l pcl)%lagfl ‘%gm%’xi ng in a desiccant such as BaO As an
al ternative, an af tThiR\Wispi®f of d14ifi 23; Wirekif BARYof s@idDlurdlity)dfdivers are dohredted

used. Sol vent containing adhesives are not recommended unless a totally
pi nhol te the perimesercf said plagasisubsirags: oduced. The seal ing | ayer 530 may furt her

[ 1 xt f ghem call. ti . t.er. . fi.nel .
bowder o al um nuit. The M SErEMAT Wiétin exdt e B Gl UGk Pligdipyicss
Her met fyfihRdoRlprisesh SordtRié & PRe2BhNR LIRS shifSirs&dnindol RY(d plathr sbiesg, met al

seals are co nly used 15 hermetical l'y packagi ng el ectronic equi pnent.
The seal i ng | ay€e29.5B display accerding pi claint 28, ywitdreiflsbidscondndtivieiphu; isipidnarized.

AATILANE < KTNETERE RN TR R PN N Y
o g B B RSB AL

an i neplhngasbstdteenvi ronnment such as nitrogen or argon. Adhesion in the
sealing | ayer 530 may be induced_ b sel ection of the proper sealing

y . (
conditions. For thkarfpeeclisplay,aeqording taidaimag0. whereine said ameans Jprirestictingtthe t he

present Helol [ a pressure of 50 psi
w | | no%%g?;ﬁgm%lfge%n@es;%ﬁ@g%@%ngag\?\%ec’#%? 1%%%3%13?%%1'9@ and t he
surroundi ng | aye3x. AlrhethbdofFabRcatingsardrgehit Tight sa evice édipristifttheisteps gap

may be elimnated when air pressure is returned to the exterior of the
OLED. ofs providing e planar ishbstTags; cqonstructingya i first gerdustareener saitk plapar substiaie; or

| t T L ey b d. ' ' i
oo Pl ey 0 RRLGRTHEE creanR iRy hE IR Conliclof SRRbIAES ' O
Cet t er 3 §RbRd calduttee bvadyihg bt Naydr vF ekt dvbittinZmaterial; Ahd B6nshiuctiey a BRiralivy o

into the perineter . L ) o )
5 layers of dielectric material over said second conductor for restricting light emission in directions

st

parallel to said planar substrate.
33. The method according to claim 32, wherein said step of constructing a first

conductor comprises planarizing the first conductor.

34. The method according to claim 32, wherein sa{d step of constructing a first
conductor comprises tapering the edges of the first conductor.

35. The method according to claim 33, wherein said step of planarizing comprises:
forming the first conductor; depositing a layer of dielectric material over the first conductbr; and
chemical mechanically polishing the surface of the dielectric material creating a planarized planar
surface comprising both conductor and dielectric materials.

36. The method according to claim 32, further comprising the step ofion bombarding
the dielectric materials during said step of constructing a plurality of layers of dielectric material.
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seal for additional vapor collection. The perineter seal typically

conprises_an ultraviolet |ight WH 30 T

convert erPaY&52820 may be foerIEml‘uI mcol or conveli%iré'%lgé(}gze@4
materi al s above the barrier*layerL54b.sThe col or conversion dye
materials work wwth an OLED em tter that emts short wave | ength
lights, for exard? helroethodhacnording taelaim 32, fushergbmprsing th stepTofcodsteucting
mat eri gl ' 13

S . . .

gener A Ipyer of gerer patexia) oyl ving saidiseeARdCoBAUGEPher 1 uor escent naterial s and
are commerci al | YekH PR J: }

| dem t su Kosan >(gg;r' ggréat i o‘%%%{gihg% %%?g{ Ia %dl&;%é%gfbdatﬂﬂgcgh%ﬁéﬁv% gy

| engt hoffidyegsdf diglectrie nearerialoinchides evaposating g depositing thengterialslat ghtngla to the
characteristic_colors such as red or green. These col or conversion dye
naterﬁﬂb%ﬁﬁhynﬁ@eselected and 5 patterned on the cover glass 510 using

beraeg . | he |
2T col or cRToF e e@oT B Ring ¥ et o7 utherToucPibe i son P st D ©

grey |£pueHér layeraver daddbbeohd Ovhdudrperi meter drivers and-the active matrix

may be used to create intensity m xtures of three primary colors and
result in TV-1i k. ndgemethpt asconding: tq elaindy32, neherein ssaidbarribe laysr gomprises
near-u.trav'P%et Li ht emtting |ayers are used. 10 Ful | col or

di spl @nWE§‘ oo} @g ‘using color filters in lieu of converter dye
material. The color filter may be used with a white light emtting
organic |layer 300. Blue light emtting organic material nmay be used with

or without color filters. A further enbodi ment of the col or converter

| ayer 520, utilizes commercially available color wheels or pi-cells for
col or conversion. All of these techni ques are commonly known in the

i ndustry. 15 The present invention also includes the use of black
matrix or reflective netal trenches 803 surroundi ng each subpi xel or
OLED 10. The black matrix or reflective nmetal trenches 803, shown in
Fig. 8 help to mnimze channeling in the small pitch pixels and inprove
color purity. The bl ack
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matrix preferably conprises a m xture of co-evaporated 40 to 80% chrom um
and ;i [ .conv@);g/gg;g I f_ t_he q_ED i s to be. u_sed in a _head V"e?g"i'ms%f/l%ﬁﬂ
application, e.g. nedical inaging, night vision, or virtual reality
applications, it is preferred to use chrom umor alum numreflective
barriers. The chrom um or alum num barriers may provide nore |ight
output while at the same tinme controlling nel i ng. It will be
apparent to those skilled in the art thatfl@;us nodi fications and

vari ations can be made in the construction, configuration, and/or
operation ofthe present invention w thout departing fromthe scope or
spirit of the invention. For exanple, in the enbodi nents nentioned above,
25 various changes may be nmade to the conposition of the organic materi al

| ayers without departing fromthe scope and spirit of the invention.
Further, it nmay be appropriate to nmake additi onal nodi fications or
changes to mcrocavity structure wthout departing fromthe scope ofthe

i nvention. Thus. it is intended that the present invention cover the
nodi fications and variations ofthe invention 1 provi ded they cone within
the scope of the appended clains and the# equiQaIents.

14 | CLAI M 1. organic light emtting device

conprising: a substrate; a first conductor overlying said planar
substrate; a layer of light emtting orlganic material overlying said first
conductor; a second conductor overlying said |layer of light emtting
material; and a neans|tor -restricting Tirght emsston 1rn anrections parall el
to said substrate.

|~ 500

~ 400

- 250

- 300
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- 200
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~ 100
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2. The device according to claim1, wherein said substrate is conprises a

silicon wafer. 3. The device according to claim?2, further
conpri si moasmsesass for connecting said silicon wafer to sapdriusssi2694
conduct or . 4. The device according to claim1, wherein said
first conductor is planarized. 5. The device according to

| ayer of dielectric material. The device according to
claim1l, wherein said neans for restricti ht em ssion conprises a
plurality of layers of dielectric material. 7. The devi ce
according to claim®6, wherein each of said plurality of |ayers of
dielectric material has a different index of refraction fromthat of any

claim1. wherein said neans for restrictin ’i ht em ssion conprises a
216

adj acent | ayer. 8. The device according to claim®6, wherein
at |east one of said plurality of layers of dielectric is deposited at an
angle to said substrate. 9. dévi ce according to claim6,
wherein at | east one of said plurality of fof layers of dielectric material
is evaporated at an angle to said substratfe. 10. The device

according to claim6. wherein said substrate is rotating when at |east one
of said plurality of layers of dielectric material is constructed.

11. The devi ce accordi ng } . } } restricting

| i ght em ssion conpris a layer of transparent conductor ndgterial.

12. The device accordifgfto claim1, wherein said means for &tQicting

| ight em ssion conprisgsia plurality of layers of transparerit conduct or
naterial'overlying? fli rst conductor and underlying said|light emtting

organic material . 13. The device according tg {m1l,
wherein said neans for stricting light emssion overlies i ayer of
light emtting organic {rgteial 14 The deximt) accor di ng
toclaiml1, further co =Ag-smil first
conduct or . -115
SUBSTI TUTE SHEET (RULE 26) _J’250
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15. The device according to claim1, further conprising a barrier |ayer

overlying said second conduct or. 16. The device
accor di ng¥O®86PEBm 15, wherein said barrier |ayer conprise®GHUSHBAY4

| i ke carbon material. 17. The device according to
claim 15, wherein said barrier layer is an electron i njector.

18. The device according to claim15, fwther conprising a getter |ayer
overlying said second conduct or ﬁfﬁlerl ying said barrier |ayer.
19. The device according to claim 15, conprising a sealing | ayer
overlying said barrier |ayer. 20. The devi ce
according to claim1, furfher conprising a getter |ayer overlying said

| ayer of light emtting organic material and un | yi ng said second
conduct or . 21. The ce according to claim19,
wherein said sealing | ayer conprises a heat adhesi ve seal

22. The device according to claim 15, furfther conprising a top cover
overlying said barrier |ayer. 23. The devi ce

according to claim1, wherein said substrate is planar.
24. An organic |ight enlttlng devi ce conpr|5|ng a pl anar substrate

conprising a - T comwater—armd—acomductT g pruy T wheT 1 said
silicon wafer furfhef conprises integrated circuitry, anf said
conducting plug connects the integrated circuitry to a conduct Qyﬂ?
wherein said conduct or pad overlies said planar substraLéﬂ ayer
of light emgdd orpanic material overlying said 5 conduct|ve pad; a
| ayer of getter nmte[ial capable of reacting with water overlyipg said
| ayer of |ight emtting organic material; a transparent boqﬂﬂgtor
| ayer overlying spidjgetter layer; a plurality of “layers
dielectric materihl,|wherein each of said plurality of Iayers?ff(§4@ectric
material has a "
‘/'400
r 251
253 —] - 300
201
200 _— 202
_~1 140
—
o — \
RAAIINAAAA 100
|
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different index of refraction fromany adjacent |ayer; a barrier |ayer

overlying said | ayers of dielectric material; wherein said barrier
| ayer i swioogsrsesksf r om di anond- i ke carbon; and a transpar eiCT/US98/1269¢ 5
cover overlying said barrier |ayer. 25. An organic

light emtting display conprising: a planar substrate further

conprising a perineter and a plurality of, grganic |ight emtting devices,
wherein each of said plurality of%léni c light emtting devices is
capabl e of being placed in different curr or voltage states by a
plurality of drivers; said plurality of organic light emtting devices
conprise first and 5 second conductors capabl e of receiving signals
fromthe plurality of drivers and wherein a plurality

16 SUBSTI TUTE SHEET (RULE 26)

of interstices exist between said plurality ord8nic light enmitting

devi ces; a black matrix overlying sai @ substrate and | ocated in the
interstices between and around each of saidjplurality of organic |ight
emtting devices; and a top cover overlyingysaid plurality of organic |ight

emtting devices. 26. The display of claim25, wherein.
each of said plurality drirvers are an I ntegral part ot said planar

substrate. 27. The display of claim 25, gépn each

of said plurality of dfivers are connected to the peri er of said

pl anar substrate. 28. The display of claiim?2 wherein

each of said plur@0Qy off light emtting devices further ft rises a
conductive plug conneclling said first conductor to said planar ngtrate.
29. The di spl ay accor di{ng I I i i p i

pl anari zed.

wherei n each of said pl W dewi-ces
conprises a neans for redqtricting the emssion of light in a df?gx*fon

parallel to the
_{ 251

- ‘s 253
300

- 202
w3/ <,
w0 T

ug is
30. The display according Fo_ﬁT548125,

252 "\

AR NAARARA 100
S
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pl anar substrate.

30, wherej g
conprise§”

ald nmeans for
ﬁ&?ﬁlity of layers of dielectric material.

o 31. The display according to claim
restricting the em ssi on OlIC'll/b&Ig;lzs%

32. A nethod of fabricating an organic light emtting device conprising the

st eps of :

second conductor for
parall e

provi ding a planar substrate;
conductor over said planar substrate;
emtting organic materi al
a second conductor overlying said | ayer
constructing a plurality of 5

to said planar substrate.

constructing a first
onstructing a | ayer of |ight

@Jﬁt conductor; constructing
ght emtting material; and

f | ayers of dielectric material over said

restricting light emssion in directions

33. Thegmthod

overlying sai

according to claim.3

conductor conprise
34. The nmet hod accpr
first 30

35. The net hod accpr
conpri ses:
dielectric materi al
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a Iayer of getter material overlying said second conductor.
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(300) is sandwiched between two conductive
layers (200, 250) and placed on the substrate _s1o
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includes an innovative microcavity enhancing
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in directions parallel to the substrate (100) and - 400
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