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AN ELECTRODE STRUCTURE FOR HIGH RESOLUTION
ORGANIC LIGHT-EMITTING DIODE DISPLAYS
'AND METHOD FOR MAKING THE SAME

Cross Refereénce to Related Applications
Thls apphcanon relates to and clalms pnonty ‘on prior U.S. Provisional

" Application Serial No. 60/052,352, filed on July 11, 1997.

. Field of the Invention
; The present mvennon relates to organic hght-enuttmg devices, and in particular,
to an electrode structure for a hlgh-resolutxon orgamc light-emitting dlode ("OLED")
display device.

Background of the Invention
~ EL devices, which may. be genérally classiﬁed_as organic or inorganic, are well
known in the graphic display and imaging art. Among the benefits of organic EL
devices, such as organic light-emitting diodes, are high visibility due to self-emission, as
well as super'ior' nnpact resistance; and ease of handling' of the solid state devices.
OLEDs may have practical apphcatxon for television and graphxc displays, as well as in
dlgltal printing apphcatlons
- AnOLEDis typlcally a lammate formed ona substrate such as soda-hme glass.
A lxght-emlttmg layer of a luminescent orgamc sohd, as well as adj acent semiconductor
layers, are sandwiched between a cathode and an anode. The semiconductor layers may
'be hole-injecting and electron-injecting layers. The light-emitiing layer may be selected
from any of a m_uliitnde of ﬂub;escent organic solids. The ﬁg_ht-emitﬁng layer may
consist of multiple sublayers. o | |
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~ Whena potenttal dtfference is apphed across the cathode and anode, electrons

_ ﬁ'om the electron-mjectmg layer, and holes ﬁ'orn the: hole-mjectmg layerare mjected into

the light-emitting layer They recombme, emitting light. o
In atypical matnx-addressed OLED display, numerous OLEDs are formed ona .

: '_srngle substrate and arranged in groups in a regular grid pattern. Several OLED groups -
. forming a column of the gnd may share a common cathode, or cathode line. Several -

OLED groups formmg a row of the grid may share a common anode, or anode line. The
individual OLEDs ina gtven group emit hght when their cathode line and anode line are
"activated at the same ttme = - .

. ~ OLEDs have a number of beneﬁctal characteristics. These include a low
actrvatlon voltage (about 5 volts), fast response when formed w1th a thm hght-emlttmg

layer, and high bnghtness in proportion to the injected electric current By changing the

kinds of organic solids makmg up the hght-emlttmg layer, many different colors of light
may be emitted, rangmg from vrslble blue, to green, yellow, and red. OLEDs are
currently the Sllbj ect of a aggresswe mvesttgatwe efforts _
AnOLED may be desrgned tobe viewed erther ﬁ'om the "top" — the face opposite
the foundatronal substrate -or ﬁ'om the "bottom" ie. through the substrate, from the
face oppos1te the hght ermttmg layer Whether the OLED is desrgned to emit light

 through the top or the bottom, the respeetlve structure between the viewer and the light

emitting material needs to be suﬁictently transparent, or at least semt-transparent, to the
emitted light. In many appllcatlons it is advantageous to employ an OLED drsplay
having topside light output This permits the dlsplay to be burlt on top of a silicon driver
chip for actrve matrix addressmg )
| It has been a contmumg challenge to devrse OLED dlsplay structures which
provxde topsrde lrght output while mmnmzmg hght blockage and thereby permxttmg a
high-resolution drsplay Transparent conductors deposrted on top of orgamcs, at low
temperature, tend to be excessively resistive. Th1s adversely affects the response time of
the device or peak brightness. Various methods have been tried including transparent
conductors (e.g., ITO and IZO) on thin metal.
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Accordingly, theré is a need-for a top electrode structure for an OLED which =~
permits high resolution displays to be fabricated with low line resistance and topside light - -~

output. The present invention meets these needs, and provides other benefits as well.

Objects of the Invention
~ .- Itis therefore an object of the present invention to provide an electrode structure
for high resolution OLED displays. '
- Tt is another object of the present invention to provide a method for making a

~ topside electrode structure for high resolution OLED display.

- It is another object of the present invention to provide an electrode structure for
an OLED which has low line resistance. - '

It is a further object of the present invention to provide an electrode structure for
an OLED having topside light output.

It is still another object of the present inveﬁtion to provide an electrode structure
for an OLED which permits an OLED display to be built on top of a silicon driver chip
for active matrix addressing. ' S

Itis yet another object of the present invention to provide atop electrode structure
for an OLED which is compatible with solvent or water-soluble OLED displays. -

" Itis another object of the present invention to provide a process for making a top
electrode structure for high-resolution OLED displays having low line resistance. - -
" It is yet another object of the present invention to provide a method for making
a top electrode structure for a high resolution OLED display with topside light output.
- Additional objects and advantages of the invention are set forth, in part, in the
description which follows, and, in part, will be apparent to one of ordinary skill in the art
from the description and/or from the practice of the invention. =~ |

Summary of the Invention
Inresponse to the fdregding' challenges, applicants have developed an innovative
top electrode structure for a high resolution organic light-emitting diode display device,

3
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_.and. t0p electrode structure comprising a. transparent electrode and conductlve ribs .. -
' "__""'Ndlsposed on the transparent electrode T e T '

Apphcants have also developed a top electrode structure for an: OLED dlsplay L
device, the OLED dlsplay device compnsmg a substrate, abottom electrode disposed on
the substrate, and an orga_mc.hght-em:tung material disposed on the bottom electrode, the
top electmdé structure comprising a first condactii(e barrier disposed onthe organiclight-. -
emitting material, a transparent electrode di'sposed' on the first conductive barrier, a
second conductive barrier disposed on the transparent electrode and highly conductive

ribs disposed on the second conductive barrier.

Further, applicants have developed a top electrode structure for an OLED dlsplay S

device, the top electrode structure comprising conductive ribs, and a transparent electrode -
disposed on the conductive ribs. : : ' '
The novel top electrode structure of the invention provides top side light output

and a low line resistance and enables a high resolution display. - -

| The present invention is :ditected to an organic: light emitting diode device
comprising a-substrate, a first conductor located on the .subst’rate, an organic light
emitting layer located: on the first conductor, and a second conductor located on the
organic light emitting layer. The improved device according to the present invention
includes. at least one of the first 'condactor and the second conductor ‘comprises a

transparent electrode layer, and at least one conductive rib disposed on the transparent -

electrode layer.

The at least one conductwe rib may formed from a highly eonductlve material.

- The highly conductive material may be formed from at least one material selected from -

the group consisting of at least one material selected from the group consisting of Mo,
Ti, TiSi,, W, Ta, Al and alloys of Mo, Ti, TiSi,, W, Ta, and AL

The transparent electrode layer may comprise at least one material selected from
the group consisting of InSnO, InZnO, and ZnO.

The at least one of the first conductor and the second conductor may further
mclude a first conductive barrier located between the transparent electrode layer and the
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- .at least one conductive rib. The at least one of the first conductor and the second -
. conductor may further include a second conductive barrier located between:the organic - -

light emitting layer and the transparent electrode. : _
Accordmg toan embodlment of the present invention, the second conductor may

- include the transparent electrode layer, and the at least one conductive rib disposed on the

. transparent electrode layer. The second conductor may further include a first conductive
. - barrier located between the transparent electrode layer and the at least one conductiverib.

The second cohductor may further include a second conductive barrier located between

.. the organic light emitting layer and the transparent electrode. The device may further
. -include an encapsulation layer formed on the transparent electrode layer and the at least -
- - one conductive rib. The encapsulation layer may be formed from a material selected -
- -from the group consisting of SiC, diamond-like carbon and parylene. The material may

be deposited by PECVD.

The first conductor. layer may be formed from at least one material selected from -
- the group consisting of Al, Cu and alloys of Al and Cu. The first conductor layer may

further include an electron injection layer.. The electron injection layer may include an-

- injection material selected from the group consisting of alloys of Mg and Ag, alloys of

Liand Al LiF on Al Sc on Al, and Sc,0; on Al The first conductor layer may further
include a reflective layer.- '

According to another embodiment of the present invention, the first conductor

. may comprise the transparent electrode layer, and the at least one conductive rib disposed

. on the transparent electrode layer. The first conductor may further include a first
. conductive barrier located between the transparent electrode layer and the at least one

- conductive rib. The first conductor may further include a second conductive barrier

located between the organic light emitting layer andthetransparentelectmde Thedevice

- may further mclude an encapsulation layer formed on the second conductor layer. The

encapsulatxon layer may be formed from a matenal selected from the group consisting

. of SIC dlamond-hke carbon and parylene. The matenal may be deposnted by PECVD.
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) The second conductor layer may be formed from at least one material selected
from the group consisting of Al,Cu and alloys of Aland Cu. The second conductorlayer
may further include an eleetron injeetion layer. The electron injection layer may include -

an injection material selected from the group consisting of alloys of Mg and Ag, alloys - -

of Li and Al, LiF on Al Sc on Al, and Sc20, on Al. The second conductor layer may

further include a reﬂectlve layer

The present mventlon isalso directedtoa d18play device. The display devicemay -
include at least one orgam_c light emitting diode device. Each of the at least one organic : -
light emitting diode deviee may comprise a substrate, a first conductor located on the -

- substrate, an-organic'lig’lit:-emi'ttin;g' layer located on the first conductor,and - - a

second conductor located on the drgaiﬁe light'jemi'ttin'g' layer. The at least one of the first
conducior and the second conduictor may comprise a transparent electrode layer, and at
least one conductive rib disposed on the transparent electrode layer

Thedevice may includeat least two organic light emitting diode devices, wherein
the at least one of the first conductor and the second conductor are-common to at least
two of the organic light emitting diode devices:

~ 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: The accompanying drawings, which are incorporated herein -

by reference and whieh"cbnstitute a part of this specification; illustrate certain - -
embodiments of the invention, and together with the detailed descnptlon serve to explain
the principles of the present invention. ' '

Brief Description of the Drawings
The invention will be described in conjunction with the following figures in
which like reference numerals designate like elements and wherein: |
Fig. 1is a cross sectxonal side view and elevation of a preferred embodlment of

OLED display device of the present invention;
Fig. 2 is a top plan form view of the display device of Fig. 1; and
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- Fig. 3 is a cross-séctional side view and elevatldnof an alternate preferred- - = -

- embodiment of an OLED display device of the present invention showing four pixels. - -

' Detailed Description of the Preferred Embodiments
~§ " Reference will now be made in detail to a preferred embodiment of the present
" invention, an example of which is illustrated in the accompanying drawings. A preferred
embodiment of the present invention is shown in Fxg 1 as organic hght-enuttmg diode ' -
dxsplay device 10. S o
- In a preferred embodiment, OLED display device 10 comprises a substrate 100,

10 a first conductor 200, an organic light-emitting stack 300, a first conductive barrier 400, * =~

~a second conductor 500, a second conductive” barrier 600, a channel 700 and an
encapsulation layer 800. The second conductor 500 includes a transparent electrode 510
and at least one conductive rib 520, |

As embodied herein, OLED display device 10 is a layered structure formed on -
. 15 substrate 100. The first conductor 200 is disposed oni the substrate 100, the organic light-
' emitting stack 300 is disposed on bottom conductor 200. The first conductive barrier

- layer 400 is disposed on organic light-emitting stack 300. The second conductor 500 is
disposed on the first conductive barrier layer 400. The second conductive barrier layer

600 is disposed -on transparent electrode 510. - The at least one conductive rib 520 is
20 disposed on the second conductive: barrier layer 600. Encapsulation layer 800 is -

deposued on exposed surfaces of device 10. '

- It is contemplated by the present inventors that the device 10 can effectively
operate without either the first conductive barrier 400 and/or the second conductive
barrier 600. When second conductive barrier layer 600 is not used, the at least one

25 conductive. rib 520 is disposed directly on transparent electrode 510. When first
conductive barrier layer 400 is not used, the transparent electrode 510 is disposed directly
on the organic light-emitting stack 300. '

- Theatleast one conductive rib 520 and the second conductive barrier 600 occupy
a small portion of surface 511 of transparent electrode 510. Surface 511 generally
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" defines the "top" of OLED. display device 10, while surface 101 of substrate 100
. - ~generally defines the "botfom" of OLED displdy device 10.” Channel 700 serves asthe . - .
- separation between adjacent diodes in the OLED display device 10.
~ The substrate 100 @ay be made of soda-lime glass. It is contemplated that the
5 substrate 100 is not limite‘ﬂ to glass; rather, the substrate 100 may be formed of silicon

- or other suitable m’at_erials;. For example, substrate 100 may comprise a silicon driver
: -chip for active matrix adélressing when OLED 'diSpiay .device 10 is an active matrix
}. _ . addressed display. ,

i First conductor 200 includes Al. The present invention, however, is not limited

10 . to Al; rather other suitable materials for electron injection are considered to be within the
scope of the presentiinve_ﬁ_ﬁoﬁ including but not limited to Al and Cu alloy covered with
. an injection material suekas Mg and Ag alloy, Li and Al alloy, LiF on Al, and Sc or
Sc;0; on Al '
- ... As embodied herein, the organic light-emitting stack 300 includes a water or
15 . solvent-soluble organic light-enﬁtﬁng material. :Altemati?ely-, the organic light-emitting
- stack 300 may comprise any of a variety of organic light-emitting materials; including
multiple layers of different materials, including materials which emita vanety of colors
of light. " T ,.
The transparent electrode 510 mcludes In-Sn oxide (ITO). The presentinvention, -
20 °  however, is not limited to a transparent electrode 510 formed from 1TO; rather, it is
contemplated that any of a variety of transparent or semi-transparent conductive
materials, including but not limited to InZnO or ZnO may be used. A very thin conductor
, . such as Mg+Ag orAHL, (typxcally less than 100 Angstrom) may be used in conjunction
= with a thicker transparent such as, for example ITO. Itis also contemplated that sputtered
25 materials on top of the oigenic layers (e.g., sputtered thin Al (100. Angstroms) on AlQ or
sputtered ITO (2000 Angstroms) on CuPc) may be used and are considered to be within
the scope of the present invention. As embodied herein, electrode 510 is transparent to
at least a portion of the light emitted by organic light-emitting stack 300 to permit light

to escape for viewing.
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.. As.embodiedherciiiheﬁrstconductivebarrietfiﬂoffg;thin, conductivematerial. . - -

- First conductive barrier 400 is preferably Sn, but may also be Au or some.other high - -
~work function material. First conductive barrier layer 400 is preferably:100-200 .
-angstroms thick. The first conductive barrier 400 is preferably thin enough to-transmit -
 at least a portion of the light emitted by the organic light-emitting stack 300. The

purpose of the first conductive barrier 400 is to minimize oxygen exposure of organic

. ; light-emitting stack 300 during deposition of the transparent electrode 510.. -

‘As embodied herein, the at least one conductor rib 520 is configured as one or

- :more elongated, narrow lines, or ribs, which preferably covers a relatively small portion
_of the surface 511 of the electrode 510. By minimizing the plan form area of the at least

‘one conductive rib 520 relative to surface 511, light transmittance from the organic light-

- emitting stack 300 through the top of OLED display device 10 may be maximized. The

at least one conductor rib 520 may form the row or column electrode for several OLEDs -
along one line of a matrix addressed display. .

~ The at least one conductive rib 520 comprises Mo. The present inventionisnot - - - .- = -
- limited to a conductive nb 520 formed from Mo; rather it is contemplated that other - -

conductive materials such as Al, Ti, TiSi, W, and Ta may be used. Furthermore, -

.conductive rib 520 may comprise a composite of two or more materials such as very thin

Al (300 Angstroms) and ITO are possible. Preferably, the conductive rib 520 comprises
amaterial that can be easily reactive ion etched (RIE) or plasma etched. .

As embodied. herein, second. conductive barrier 600 comprises a vertically
cconductive organic film preferably CuPc (copperphalicyanate). It is contemplated that
the second conductive barrier 600. is not limited to CuPc; rather it may comprise
polyaniline or other materials that are resistant to the dry etch used in connection with the
conductive rib 520. The purpose of the second conductive barrier 600 is to protect the
transparent electrode 510 from damage during etching of the at least one conductor rib
520. The second conductor barrier 600 permits conduction via tunneling or a other
suitable carrier transport mechanism.
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L 'Encapsulation'la)"er 800 comprises SiC. - The-encapsulation layer 800 is not - ~
<. < limited to SiC; rather, itiis contemplated that the encapsulation layer 800 may comprise - ¢
 diamond-like carbon or parylene or other suitable materials which are deposited by . -
PECVD. Encapsulation layer 800 may compnse multxple layers of various materials. i S
- The encapsulauon layer 800 protects the layers of dev1ce 10 from exposure to moisture, " -
oxygen, etc. TP S S ' -
It is contemplated by the iinVenfefs' of the present invention that the ordering of -~ . -
- the layers of the device can be réversed (i.c., the reflective layers can beontopor .+ = -
- . - bottom). Tmnsparenchshchieved when both electrodes are transparent.
0. -
with deposition of first conductor 200 -on thé surface of substrate 100. The:first -
" conductor 200 is preferébiy patterned using conventional photo resist techniques and

A preferred method for making an embodiment of the present invention begins

solvent lift-off, for example by hot NMP. The first conductor 200 may be deposited .

. ‘using evaporation. Altemativel'y, the first conductor 200 may be deposited by sputtering.
The first conductor 200 is preferably patterned as lines when used in a passively -
. ~addressed display, oraspads forconnectmg ﬁomanacuvematnx array of transistorsand -

' capacxtors

- As embodied herem, the upper surface of the ﬁrst conductor-200 is ion beam

cleaned. When the first conductor 200 is transferred with substrate 100 during the. -

manufacturing process, it is maintained in an inert gas environment to avoid surface

oxidation. Ar gas is preferably employed to maintain an inert gas environment around -+ -

the upper surface of first conductor200. In general, exposure to air is preferably avoided

during all manufacturing steps of the device 10 where the organic light-emitting stack -
300 or first conductor 200 or second conductor 500 are exposed. Surface oxidationatthe -

interface of the various layers of the device 10 may cause defects, delammauon, or loss
of efficiency and/or may lnmt the life of the device.

The organic hght-emxttmg stack 300 is then deposited on first conductor 200 by -
thermal evaporation. Deposition of the organic light-emitting stack 300 is preferably -
carried out in situ withouf breaking vacuum following the deposition and patterning of

10
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~ first conductor 200. This iﬁin’imiz_es-_the potential for surfaceomdatxon. Color organic

light emitting materials comprising organic light-emitting stack 300 may be shadow
‘mask-deposited to create color cells. -In Alternatively, dry lithography may be used to-

create color cells and organic. light-emitting stack 300. Dry plasma deposited:-and ~ -
developed photo resists may be employed to define color cells in organic light-emitting -

stack 300. - Shadow masking is preferably used to provide perimeter openings in orgamc' o
- light-emitting stack 300 for backside connections where needed. Co T
In embodiments of the invention where many small contacts between first
conductor 200 and circuitry -in substrate 100 are required, dry plasma photo- resist
processing is preferably used to define contact holes, followed by plasma etchingorRIE
of the contact holes.. Alternatively, wet etching may be used. For example; BOE may
be employed for wet etching Si0; insulator contacts, where BOE is 1 part 40% HF and -
10 parts 40% ammonium biflouride solution in water. ' |
~Next, the transparent electrode 510 is deposited on the upper surface of the
-organic light-emitting stack 300. The transparent electrode 510 preferably comprises -
ITO. . Sputtering is preferably used to deposit the transparent electrode 510. Depending
on the material selected for the transparent electrode 510, other appropriate deposition
techniques such as evaporation may be employed. The substrate 100 (and the existing
deposited layers) s transferred to on deposition apparatus in an ineﬁ gas environment for
deposition of the transparent electrode 510. N, gas is used, but other suitable gasses such -
as-Ar may be employed.: '
- First conductive barrier 400 is deposxted on the upper surface of organic light-
emitting stack 300 before deposition of the transparent electrode 510. First conductive
barrier 400 preferably comprises a thin conductor barrier which serves to minimize
oxygen exposure to organic light-emitting stack 300 during deposition of the transparent
electrode 510. As embodied herein, first conductive barrier 400 comprises a thin (20-100
angstrom) layer of Sn .&eposi_ted by sputtering. The first conductive barrier 400 may
comprise ITO, Pt, Au or other high work function materials.

11
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.~ The at least one conductor rib 520 is next deposited on the surface of the

- & transparent 510. The at least one conductive-rib. 520 is preferably comprises Mo,
 preferably deposited by sputtering. Other suitable deposition techniques, however, such - -
.- as chemical vapor deposition (CVD): mayf-*be;_uséd;' As embodied herein, 'second -
 -conductive barrier layer 600 is deposited on the surface of the transparent electrode 510

prior to deposition of the conductor rib 520." Second conductive barrier 600, which
preferably comprisesia conductive organic filim, serves to protect ,tht':'transparent electrode -

- 510 during etching. As embodied herein, when second conductive batrier 600 comprises
. a conductive organic film, the film is deposited by evaporation. When other materials

. areused to form second conductive barrier 600, other suitable d'eb’osition techniques may

 The at least onie conductor ribs 520 is photolitho-graphically patterned into ribs,
or lines, as for use in a matrix addressed disf»lay_. Conventional plasma dry resist

. processes may be used to pattern the conductor rib 520.  The conductor rib 520 is next
~ 15 . dryetched used CF,; when the conductor is Mo.. Other etch methods may be employed -
| asappropriate for the metal forming the conductorrod 520. Resistremoval using O, RIE

‘Channel 700 is formed in the upper surface of OLED display device 10. To form -

channel 700, the transparent electrode 510 is first photolithographically patterned using

conventional dry plasmaresist processes. As embodied herein, when the electrode 510
comprises ITO, a photoresist process is preferably employed. As embodied herein, the
patterned electrode 510 is then dry etched using RIE. Altemnatively, depending on its

_ material, patterned electrode 510 may be plasma étched using CH,. Next, the resist is

preferably removed using plasma or low-power RIE employing O,, depending on the
material of electrode 510. When electrode 510 is ITO, O, RIE is preferably employed.

" The dry etch process to form channel 700 is preferably continued through to first

conductive barrier 400 and into organic light-emitting stack 300 as deep asis desired, but
preferably not into first conductor 200. | | |

12
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... . . Lastly, as embodied herein, encapsulation layer 800 is formed on the exposed

surfaces. of OLED display device 10, -preferably without any exposure to air. .

.Encapsulation layer 800, which preferably comprises SiC, is preferably deposited using.
the plasma enhanced chemical vapor deposition (PECVD) method. As noted-above,

- encapsulation layer 800 may comprise multiple layers of various materials. Appropriate. -

deposition methods that are known in the art may be used as appropriate for a given.

. encapsulation layer material. . . - ... .

. Reference is now had to Fig. 2, which shows a topside, or plan view, of OLED
display device 10 shown in Fig. 1. The at least one conductor rib 5§10 comprise vertical

.. .conductor. lines, each common to all. of the display pixels 620 in that line, or display -

column. - Similarly, first conductors 200 comprise horizontal conductor lines each
- common to all of the display pixels 620 in that line, or display row. 'Channel 700
separates adjacent columns of conductor ribs 520 and pixels 620. Fig. 2 depicts display
- pixels 620 arranged in an array- of parallel columns of conductor ribs 520 and rows of
_parallel first conductors 200, to from a matrix addressed display. When the associated
first conductor 200 and at least one conductor rib 520 of a given pixel 620 are both
- activated, the organic material comprising the pixel emits light. _ _
-, . ... Reference is now had to Fig. 3, wh_it_;h--shows an alternative embodiment of the -
-present invention. The components and structure of OLED display device 30 are
- preferably similai to that of the OLED display device 10 shown in Fig, 1, except that the
relative positions of the at least one conductive rib 520 and the transparent electrode 510
1in the layered structure are reversed. The at least one conductor rib 520 is formed on the
first conductive barrier 400 and-the second -conductive barrier 600. The transparent
electrode 510 is disposed on the conductive rib 520 as well as on the remaining exposed
surface of first conductive barrier 400. This embodiment of the invention has the
advantage of not exposing ITO to the metal etch out.
In the method for making OLED display device 30, conductor ribs 520 are
deposited, patterned and etched as described previously, except that the ribs 520 are -
deposited on first conductive barrier 400. Next, the transparent electrode 510 is

13
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.. . - deposited; patterned and etched, as previously described, to form charinel 700. -Second
. -+ conductive barrier 600 is preferably deposited on first conductive barrier 400 before
 deposition of the conductive ribs 520. Second conductive barrier. 600 is of greater i - -

- importance in this ‘embodiment of the invention as it may help to avoid:damageto
‘organic light-emitting stack 300 during etch- of the conductive 1ib 520. In this
. embodiment of the invention, the composition of the various layers of OLED display :~ -~ -

device 30 are the same as those described previously for OLED display device 10inFig. - -

.- Invarious preferred embodiments of the invention, by patterning the at leastone . .-

. conductive rib 520 to form a sufficiently narrow line, the size of pixels 620 -may be
. maximized to permit a low line resistance and a high transmittance of the light emitted
- by organic light-emitting stack 300. The invention thus provides high light output in a
.- high resolution display device. :* - ' P S

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

variations can be made in the constyuction, 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, various changes may be made to the materials used for,

-.as well :as 'the.proceés,'es used to deposit, the various layers of the display ‘device. -

Variations in the structure of the organic light-emitting stack itself, including numbers -
and types of layers, as well as variations in the numbers and groupings of individual -
pixels in the OLED display, may also be made without departing from the scope and

_spirit of the invention. Thus, it is intended that the present: invention cover the

modification and variations of the invention provided they come within the scope of the
appended claims and their equivalents. o

14
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. WHATIS CLAIMEDIS .
‘1. In an organic light emxttmg diode device comprising a substrate a first
- _c_:o_ndgcto_r located on said substrate, an organic l;ght emitting layer located on said first -
- .conductor; and. a second conductor located on. said organic light emitting layer, the -
~ improvement comprising:
5 ~ at least one of said first conductor and said second conductor comprises a
. transparent electrode layer, and at least one conductive rib disposed on said transparent -
- electrode layer. : :
. 2.. The device according to.Claim 1, wherein: said at least one conductive rib is -
formed.from a h1ghly conductive material. .
. .3.. The device accordmg to Claim 2, wherem saxd highly conductlve material is
. formed from at least one material selected from the group consisting of at least one = .
. material selected from the group consisting of Mo, Ti, TiSi,, W, Ta, Aland alloys of Mo, =
Ti, TiSi,, W, Ta, and Al. L . L
-~ -4 The.device accordmg to. Claim 1, wherein said transparent.electrode layer._ .
- comprises at least one material selected from the group consisting of InSnO, InZnO, and . .
. - 3. -The device .according to Claim 1, wherein said at least one of said first . -
- conductor and said second conductor further comprises: _ .
o aﬁrstconductxvebamerlocatedbetweensaldtransparentelectrode layerandsald
at least one conductive rib. . -
6. The device according to Claim 5, wherem said at least one of said first
conductor and said second conductor further comprises:
asecond conductive barrier located between said organic light emitting layer and
said transparent electrode.
| . 7. The device according to Claim 1, wherem saxd second conductor comprises
said transparent electrode layer, and said at least one conductive rib disposed on said

transparent electrode layer.
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< 8. The device accordmg to Claim 7, wherem saxd second conductor further -~ -

. ‘comprises:

- at least one conductive' nb
9. The device a_ccordmg to Claim 8, wherein said second conductor further -
- comprises: - : ' .
-asecond conductive barrier"IOCatedbetWeensaid'organic'li'ght emltnng layerand .

said transparent electrode :
- 10. The device accordmg to Claim'7, further compnsmg

- one conductive rib.

11. Thedevice 'aéf’cordingto Claim 10, wherein said encapsulation layeris formed - -
from a material selected from the group consisting of SiC, diamond-like ‘carbon and
12, The device accordxng to Claun 11, wherem ‘'said material-is deposxted by

'13. The device accordingto Claim 7, wherein said first conductor layer is fbm'led i

- -and Cu.
14. The devme accordmg to Claim 13, wherein said first conductor layer further - -

includes an electron i inj jection layer.
~15. The device accordmg to Claim 14, wherein said electron injection layer -

includes an injection matenal selected from the group consisting of alloys of Mg and Ag, a
alloys of Li and Al, LiF ¢ on Al, Sc on Al, and Sc,0; on Al
16. The device a_ccordmg to Claim 15, wherein said first conductor layer further -

includes a reflective la_yet*;
17. The device according to Claim 7, wherein said first W |
includes a reflective layer. on Replaced

" i
"
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- afirstconductive barrier located between saxd transparent electrode layer andsaid - - oo

anencapsulatlon layerformed on sa:ldtransparentelectrode layerand saldatleast R

- . from at least one materiali'=§elected from the group 'c'ohsi'stih'fg"c)f Al, Cuand alloys of Al ="
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18. The device accoiding to Claim 1, wherein said fifét conductor comprises said
transparent electrode layer, and said at least one conductive rib disposed on said
transparent electrode layer. - ' -

- 19. The device accordmg to Claim. 18, wherein said first conductor further
comprises: . . . ;

- afirst conductive barrier located between said transparent electrode layer and said
at least one conductive rib. , _ .

:20. The device according to Claim-19, wherein said first conductor further
comprises:

- asecond conductive barrier located between said organic light emitting layer and

said uansparént electrode.. o :

21. The device according to Claim 18, further comprising: -

an encapsulation layer formed on said second conductor layer. .

22. Thedeviceaccording to Claim 21, wherein said encapsulation layer is formed
from a material selected from the group consisting of SiC, diamond-like carbon and
parylene.

_ 23, The device accordmg to Claim 22, wherein said material is depos1ted by

24, The device accordmg to Clann 18, wherein said second conductor layer is
formed from at least one material selected from the group consisting of Al, Cu and alloys
of Aland Cu.

25. The device according to Claim 24, wherein said second conductor layer
further includes an electron injection layer.

26. The device according to Claim 25, wherein said electron injection layer
includes an injection material selected from the group consisting of alloys of Mg and Ag,
alloys of Li and Al, LiF on Al, Sc on Al, and Sc,0; on Al

27. The device according to Claim 26, wherein said second. conductor layer
further includes a reflective layer.
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. 28. The-device according to' Clmm 18;:wherein said second conductor. layer

.- further includes a reflective layer.

29. A display device comprising:: . - -

* at least one organio---light emitting diode device, wherein each of said at leastone~ .=~ =

organic light emitting diode device comprises;
asubstrate;  t |
a first conductor. located on said substrate;
' . anorganic hght_emntmg layer located on said first conductor; and

a second conduotor:lo¢ated on said organic light emitting layer, wherein atleast-

- one of said first conduc_tof and said second conductor comprises a transparentelectrode: - - - -+ - -

layer, and at least one conductive'rib disposed on said transparent electrode layer. - - -
30. The display. device according to. Claim 29, wherein said at least one .
conductive rib is formed from a highly conductive material. L '

- 31. The dxsplay device accordinig to Claim 30, wherein said highly conductive
- - material is formed from atleast one material selected from the group consisting of atleast - -

one material selected from the group cons1stmg of Mo, T1, TiSi,, W, Ta, Al and alloys -
of Mo, Ti, TiSi,, W, Ta,: and Al - ' : : o
32. The device accordmg to Claim.29, wherein said transparent electrode layer '-

'33. The device. according to Claim 29, wherein said at least one of said first
conductor and said second conductor further comprises: : :
afirstconductive bamer located between said transparent electrode layer and said

at least one conductive nb

34. The devme accordmg to Claim 33, wherexn said at least one of said first
conductor and said second conductor further compnses

. asecond conducuve barrier located between said orgamc hght emlttmg layerand
said transparent electrode ' B
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comprises at least one material selected from the group.cons1stmg of nSnO, InZnO,and - -
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~ 35. The device according to Claim 34, wherein said dévice includes at least two
organic light emitting diode devices, wherein said at least one of said first conductorand -
said second conductor are common to at least two of said organic light emitting diode
devices. - _ _
~ 36. The dévice according to Claim 29, wherein said second conductor comprises
said transparent electrodé layer, and said at least one conductive rib disposed on said .
transparent electrode layer. | |

. 37. The dev1ce accordmg to Claim 36, wherein said device includes at least two
organic light emitting diode devices, wherein said second conductor is common to at least
two of said organic light emitting diode devices. _

_. 38. The device according to Claim 36, wherein said second conductor further
comprises: _

afirst conductive barrier located between said transparentelectrode layerand said -
at least one conductive rib.

39. The device according to Claim 38, wherein said second conductor further
comprises: | .

a second conductive barrier located between said organic light emitting layer and
said transparent electrode. . _ |
. 40. The device according to Claim 36, further comprising:

an encapsulation layer formed on said transparent electrode layer and said at least
one conductive rib.

41. The device according to Claim 40, wherem said encapsulation layer isformed
from a material selected from the group consisting of SiC, diamond-like carbon and
parylene.

42, The device accordmg to Claxm 41, wherein said material is deposited by
PECVD. - _

43. The device according to Claim 36, wherein said first conductor layer is
formed from at least one material selected from the group consisting of Al, Cuandalloys
of Al and Cu.

19
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44, The device according to Claim 43, wherein said first conductor layer further

** includes an electron injection layer. - -

. 45. The device ‘according to Claim 44, wherein said electron injection layer

- includes an injection material selected from the group consisting of alloys of’ Mg and: Ag,

alloys of Li and Al, LiF on Al, Sc on Al, and Sc,0, on Al :
- 46. The device according to Claim 45, wherein said first conductor layer fiirther - |
includes a reflective layer. - SEEREE
47. The device according to Clalm 36, wherein said first conductor layer further -
includes a reflective layer: o ' ' S
48, The device according to Claim 29, wherein said first conductor comprises

. said transparent electrode layer; and said at least one conductive rib disposed on said

--transparent electrode layer. -
- 49. The device according to Claim 48, ‘wherein said first conductor further
comprises: _ o R
- aﬁrsteonductiv’ebarrier'locatedbetWeen'said'umparent electrode la'yerahdsald

-.at least one conductive rib.

50. The device according to Claim 49, wherein said first conductor further

- comprises:

a second conductive barrier located between said organic hght ennttmg layer and
said transparent electrode ' '

51. The device according to Claim 48, further comprising:

an encapsulation layer formed on said second conductor layer.

* 52. The deviceaccording to Claim 51, wherein said encapsulation layeris formed
from a material selected from the group consisting of SiC, diamond-like carbon and

parylene.
53. The device accordmg to Claim 52, wherein said material is depos1ted by

PECVD.
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54, The device according to Claim 48, wherein said second conductor layer is -
 formed ﬁ'om at least one material selected from the group consisting of Al, Cuand alloys -
- of Aland Cu. _ B . _
55. The device according to Claim 54, wherein said second conductor layer

C "'further includes an electron injection layer.

_ 56. The device accordmg to Claim 55, wherein said electron injection layer
.. includes an injection material selected from the group conslstmg of alloysof Mgand Ag,
alloys of Li and Al, LiF on Al, Sc on Al, and Sc,0, on AL

57. The devide according to-Claim 56,-wherein said second conductor layer -
ﬁ:rther mcludes a reflective layer

58. The device accordmg to Claim 48, wherem said second conductor layer -

~ further mcludes a reflective layer.

' 59. The device according to Claim 48, wherein said device includes at least two
organic light emitting diode deviceé, wheréin said first conductor is common to at least
two of said organic light emitting diode devices.

60. The device according to Claim 29, .wh'erein said device includes at least two
organic light emitting diode devices, wherein said transparent electrode layer and said at
least one conductive rib are common to at least two of said organic light emitting diode -
devices.
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