7 August 2006 - 1 DI SPLAY DEVI CE AND METHOD FOR MAKI NG XE&

BACKGROUND OF THE I NVENTION 1. Field of the Invention The present invention
relates to display units and methods for naking the sane. In particular,
the present invention relates to a display unit including a | um nescent
device that has an organic | ayer between electrodes and relates to a

met hod for making the same. 2. Descriptign of the Related Art A typica
organi c el ectrol um nescent (EL) device badsed on el ectrolum nescence of an
organic material has an organic |layer that includes an organic hole
transport sublayer and an -organic |um nescent sublayer between an anode
and a cathode. ThBl8F§aXi PEFLCEeRDeMETEODt FORCMARING ORI GAMES A

hi gh-bri ght ness | um nescent device that can be driven by |ow DC voltage.
The organic EL device has a structure including a substrate, a | ower

el ectrode functioning as the anode or cathode on the substrate, the
organi c | aPAFRCROVES R fCHE INYBNFIONent subl ayer on the | ower el ectrode,
and an upper electrode functioning as the cathode or anode. The |ight
ener gi ng f Adom Fheldr g€nithel Apmenitdoani tted through the

The present invention relates to display units and
methods for making the same. 1In particular, the present
invention relates to a display unit including a luminescent

(m device that has an organic layer between electrodes and
relates to a method for making the‘SAme.
2., Description of the Rélated Art -

A typical organic electroluminescent tEL) device based
on electroluminescence of an organic material has an organic
layer that includes an organic hole transport sublayer and
an organic luminescent sublayer between an anode and a |
cathode. The organic EL device has attracted attention as a
pigh~brightness luminescent device that can be driven by low
DC voltage. The organic EL device has a structure inecluding
a substrate, a lower electrode functioning as the anode or
cathode on the substrate, the organic layer including the
'luminescent sublayer on the lower electrode, and an upper
electrode functioning as the cathode or anode. The light
emerging from the organic layer is emitted through the
substrate or the upper electrode.

In the production of such an organic EL device, the

lower electrode is formed on the substrate by patterning,




substrate or the upper electrode. In the production of Sﬁﬁh.ﬁﬁz@é@anic EL
device, the Ilower electrode is forned on the substrate by %atterning,

August 2006 the organic layer including the |um nescent sublayer is
deposited on the |l ower electrode, and then the upper electrode is forned
on the organic |layer while insulation of the upper electrode fromthe

| oner electrode is being ensured. In this nethod, each layer is forned,
for exanple, by sputtering or vacuum evaporation. In the process, the

- upper electrode nust be formed without damagi ng the underlying organic

| ayer. If the organic |layer is damaged, the [|um nescent efficiency to the

anount of cﬁ%@g@rgﬁyéctédyedetnehn&ﬂngTﬁme,lﬁmiﬁéﬁﬁbﬁ#réﬁﬁiaggffi$e appl i ed
bet ieen the el ectrodes for achieving high brightness. Unfortunately, a

| arge curr edPealted orgbhe clEierevl setrate] eimd eshelotips i @ddion of the
organic layer, resulting in a decrease in lifetime (brightness half-life)

and an i ncrebReErede pbhefornehsemptiommnfatie Mhyah ayh U tindim 3483 G such

ci rcunstance, the upper electrode is generally fornmed by vacuum deposition
whi ch | ess GifeRRRSY HeLeaiende yiTan otiymriawé myeirectifats the BiRgy €l ect  ode
'S ensured, |

In this method, each layer is formed, for example, by
sputtering or vacuum evaporation., In the process, the upper
(T electirode must be formed without damaging the underlying
organic layer. If the organic layer is damaged, the
luminescent @fficiency to the amount . of charge injecied
decreases. Thus, a large current.must be applied between
the electrodes for achieving high brightness. Unfortunately,
a8 large current in the organic EL device accelerates
deterioration of the organic layer, resulting in a decrease
in lifetime (brightness half-life) and an increased ino power
consﬁmption of the dispiay unit,

In view of such circumstance, the upper electrade is
‘generally formed by vacuum deposition which less damages the
underlying organic layer. When the upper electrode is
formed by sputtering, an oxrganic buffer layer cﬁmposed of,
for example, copper phthalocyanine is provided on the
ofganic layer, and the upper electrode is formed on thé
buffer layer to protect the organic layer during the

sputtering process, as disclosed in, for example, Japanese

Unexamined Patent Application Publication Nos. 2000-58266




formed by sputtering, an organic buffer |ayer cpnposed.ofAu%kgﬁoﬁganple,
copper phthal ocyanine is provided on the organic layer, and the upper

el ectrode is fornmed on the buffer layer to protect the organic |ayer
during the sputtering process, as disclosed in, for exanple, Japanese
Unexam ned Patent Application Publication Nos. 2000-58266 --------- -- -
----- 7 August 2006 3 and 2000-340364 and U.S. Patent No. 6,172, 4598l .
However, this nethod has the fol | owi ng di$advantages: The met hod requires
an additional step for forming the buffer |ayer on the organi c | ayer, _
resulting in an increase in production cost and a conplicated display unit

structure. &udtheoooseo3bheahy’ e, | BYEEnel b, £541! §i gy di splay unit
absorbs light of a specific wavel ength range; hehce, e display unit

does not have deRiwedted, HHieMdENRY AT eé‘dlsﬂdvﬁ.ﬁnx?" Q:litdsmcﬁraﬁpcea%é(si €
wavel ength range. For exanple, the buffer layer conposed of Copper
pht hal ocyarfhe méeitod +redger s pacﬂ@ﬂw@ﬁéa'&% F £8 VY. t{y L ange, nore

specifically absorbs about 20%|ight even if the layer thickhess is 14 nm
Thus, a redowffemi afdr dowi the exbydnis 18yéOy Foahle 0 t4d o effl G pney, in
ot her words, | ow ’
in production cost and a complicated display unit structure.
Furthermore, the buffer layer of the resulting display
-unit absorbs light of a specifie wavelength range; hence,
(“ the display unit does not have desired light-emitting
| characteristics in this specific wavelength range. For
example, the buffer layer composed of copper phthalocyanine
has a large absorption peak in a red wavelength range, more
gspecifically abgsorbs about 20% light even if the layer
thickness is 14 nm, Thus, a red organic EL device exhibits
a2 low light-emitting efficieﬁqy, in other woxds, low
external quantum efficiency.

Such low external quantum efficiency results in an

increase in current for achieving required brightness and a

2,

decrease in brightness half-life.

When the upper electrode is formed by vacuum
evaporation, the deposition rate is unstable. Thus, the
resulting upper électrode does not have a predetermihed
thickness. When the upper electrode is formed by co-

 evaporation using a plurality of materials, it is difficult
to fix the composition. Thus, many idling hours are

required for stabilizing the composition in the co-




. external quantum efficiency. Such |ow external quantum eﬁ\hgdsnggog results
in an increase in current for achieving required brightness and a

decrease in brightness half-life. Wen the upper electrode is forned by
vacuum evaporation, the deposition rate is unstable. Thus, the resulting
upper el ectrode does not have a predgterm ned thickness. \Wen the upper

el ectrode is fornmed by co- evaporation using a plurality of materials, it
is difficult to fix the conposition. Thus, many idling hours are required
for stabilizing the conposition in the co 7 August 2006 4 evaporation.

Fur t her noR €2Peheiskommt Bpy tHharmeiee, behestipp el dyequeit Ise Accordingly, the
vacuum evaporation_process has reduced productivity. SUWARY CF THE

| NVENTI ONS ‘b freffednt he. pgreserdinglenttiton mwovinew@pagtho f or maki ng
a display unit that can forman upper, el ectrode w thout damaging an

or gani ¢ |RyRFeEhd2hasehicpt ReritEtWi5Y - Enbodi ments of the present
invention provide a display unit exhibiting a long brightness half-life.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a
method for making a display unit that can form an
upper electrode without damaging an organic layer and
has high productivity.

Embodiments of the present invention provide a
display unit exhibiting a long brightness half-life.

In a first aspect of the present invention, there is
provided a method for making a top-emitting display unit
emitting light from an upper electrode, comprising:
forming a lower electrode on a substrate; forming an
organic layer including a luminescent sublayer on the
lower electrode; and then forming the upper electrode

- containing lithium on the organic layer by a sputtering \




In a first aspect of the present invention, there is prpxh%nggoéwet hod for
maki ng a top-emtting display unit emtting |ight froman Tpper el ectrode,
conprising: formng a |ower electrode on a substrate; formng an organic
| ayer including a |um nescent sublayer on the |ower electrode; and then
form ng the upper electrode containing lithiumon the organic |ayer by a
Sputtering 7 August 2006 4a processyythe upper el ectrode functioning as a
cathode, characterized in that the upper electrode has a thickness in the
range of 7 nmto 21 nm and wherein the upper electrode contains silver as
the primary conponent and the lithiumcontent is in the range of 0.3 to
1.9 percppbcedy, wehghlippéh &hect pdentiihdnbosispl &y antdtesadting |ight
from the upper electrode, the upper el ectrode does not need to have

refl ecti vhiyaavndribas mmythettbhe. uplhen ¢hectippes hed estrlotieknssd or med by
sputtering, danmage to the wunderlying organic sublayer is noderated. Thus,
the resihtthg dasgd ayf uhitmhas Bl ghn) umdegcentireffheiemeyr Since the
upper 7 August 2006

electrode contains silver as the primary component and
the lithium content is in the range of 0.3 to 1.9 percent
by'weight.

In the top-emitting display unit emitting light from
the upper electrode, the upper electrode does not need to
have reflectivity and thus may be thin. When the upper
electrode is formed by sputtering, damage to the
underlying organic sublayer is moderated. Thus, the
resulting display unit has high luminescent efficiency.

Since the upper




5 electrode contains lithium(Li), it functions as a Ca?ﬁ@ﬂ&nzbﬁb
particul ar, an upper electrode containing silver (Ag) as e maj or
conponent havi ng | ow absorbance and |ithiumexhibits | ow optical |oss and
a high light- emtting efficiency. Accordingly, the display unit has a
prol onged service |ife and high efficiency. In a second aspect of the
present invention, there is provided a top-emtting display unit emtting
light froman upper |ayer conprising: a substrate; a |lower electrode on
the substrate; an organic layer including a |um nescent sublayer on the

| over el éetGTdeamPHm idpperithdiset Idde éff £HBCHAGARI &Sl ayer, the upper

el ectrode ontaining lithiumand functioning as a cathode, characterized
in that tgfF r Bl RAToF e &1t MRAGTe G5 adfe Goamigd nd97nmto 21 nm

wherein the uppe | ectrqode contains silver as the primry_ conponent and
the |ithi Vég‘gn{f*eﬁt 4% GIF (e FarPErs e 3 hay i1y 15t @AROhREnNES ght .

o, DOSR RLE ESE Fed h E URe,
August 2%39t€¥%g efficiency. Accordingly, the display unit has a
| prolonged service life and high efficiency.

In a second aspect of the present invention, there
is provided a top-emitting display unit emitting light
from an upper layer comprising: a substrate; a lower
electrode on the substrate; an organic layer including a
luminescent sublayer on the lower electrode; and an upper
electrode on the organic layer, the upper electrode
containing lithium and functioning as a cathode,
characterized in that the upper electrode has a thickness
in the range'of Tnm to 21 nm, wherein the upper electrode
contains silver as the primary componént and the lithium

content is in the range of 0.3 to 1.9 percent by weight.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph illustrating the relationship

between the thickness of an AgLi upper electrode formed




by a sputtering process and the brightness half-life of é&795 un|t
i ncludi ng the upper electrode; Fig. 2 is a graph of the re I oNns

between the voltage and quantum efficiency and the I|th|un1content |n an
AgLi film Fig. 3 is a cross-sectional view of a display unit according to
an enbodi mrent of the present invention; Fig. 4 is a graph illustrating the
rel ati onship between the reflectancesgand transmttance and the thickness
of an 7 August 2006 AgLi :film and Fig. 5is a graph illustrating the

rel ati onship between the brightness and the continuous lighting tinme at a
constant current. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The preferred
enbodi nebys aokpatnetrhad peoceski agdathdi bpligythess madriberdi splay unit

according to the present invention will now be described in detail with
ref erencdisplatyhendtannngsdikiygth8 upparcebsstsedéronal view of the
di splay unit according to an enbodi ment. The display unit | includes an
organi ¢ EL deVige 3 bs a guiph raf etl2e Ahbatstumsitiprieetofedmhetiod splay unit 1
will be apEarent fromthe

tage and quantum efficiency and the lithium content in

an AgLi film;
Fig. 3 is a cross-sectional view of a display unit
according to an embodiment of the present invention;
Fig. 4 is a graph illustrating the relationship
between the reflectance and transmittance and the

thickness of an




fol l owi ng nethod for ‘neking the display unit 1. The subs}pate:3ngy epared
may be a glass, silicon, or plastic plate, or a TFT substrate %aving TFTS
(thin film transistors). Preferably, the substrate 2 is conposed of a
transparent material when the display unit | is of a transparent type that
emts |light through the substrate 2. Next, a |lower electrode 4 is forned on
the substrate 2. The lower electrode 4 functions as an anode in this
embodi ment. Thus, the |ower electrode 4 i% preferably conposed of a
material having a |arge work function. ‘Exanples of such materials include
ni ckel, gold, platinum palladium selenium rhodium ruthenium iridium
rheni um 7 2giglistiB®06Gnd tungsten, nol ybdenum chromum tantal um
ni.obium alloys thereof, tin oxide, indiumtin oxide (ITO, zinc oxide,

and titani um oiide. 5THe la0wWetpd QiR iin% RA! %{e&%ﬁtgﬁ%%ei% &'&gg@ghhat

Is suitable for a drive node of the display  uni Yy uni t

| is driventhsy larisitnplessraind mmdﬂmﬁi}mdm&grﬁdi@fg{)rm?e 4,4 53 shaped into
a stripe pattern. Wien the display unit | is driven by an active matrix
node i n whigimstami xairscdistve respective TFTs, the | ower electrode 4 is

'DESCRIPTION OF THE PREFERRED EMBODIMENTS
- The preferred embodiments of a method for making a

(’ display unit and the display unit according to the present
invention will now be described in detail with reference to
the drawings, Fig. 3 is a cross—sectionai view of the
display unit according to an embodiment. The display unit 1
includes an organic EL device 3 on a gubstrate 2. The
structure of the display unit 1 will be apparent from the
following method for making the display unit 1, -

The gubstrate 2 prepared may be a glass, silicon, or
plastic plate, or a TFT substrate ha#ing TFTs (thin film -

- transistors). Preferably, the substrate 2 is composed of a
t:ansparent materizl when the display unit 1 is of a
transparent type that emits light through the substrate 2.

Next, a lower electrode 4 is formed on the substrate 2.
The lower electrode 4 functions as an anode in this
embodiment. Thus, the lower electrode 4 is preferably
composed of a material having a large work function;
Ekamples of such materials include nickel, gold, platinum,

‘palladium, selenium, rhodium, ruthenium, iridium, rhenium,




‘patterned so as to correspond to the arrangenent of pix '
connected to the TFTs with contact hol es (not shown) fgiﬁgﬁg?%mﬁi
insulating interlayer covering the TFTs, An organic layer 5 is forned on
the |l ower €electrode (anode) 4. The organic layer 5 includes a hole
~injection sublayer 501, a hole transport sublayer 503, a | um nescent

subl ayer 505, and an el ectron transport sublayer (not shown). These
subl ayers are formed on the | ower el ectTode 4 in that order. However, the
organic layer 5 may have any other structure. Each subl ayer of the organic
| ayer 5 may be conposed of any known material and be fornmed by any known

process, forungxamp) enobylvdahimi evRPSH Bk O Nt BHOCATS, q{i@bﬁﬂﬁ,n %@,ﬁ;{g
process. The thickness of the organic layer 5 is adjuste such that the
di spl ay unitherexdhi biis exider obmadtny €ff entide Narml)y, gji_rwto,pij?é iy from
the | um nescent sublayer 505 is 7 August 2006 resonated by reflection on
the top and-derniom fartiade of the- organic |layer S. An upper el ectrode 6
contains lithiumis forned on the organic layer 5 by a sputtering process
into a thi cknes§hgf 1pwem wedeztrode Thdsuppeteehedt tode 6 Luaphki PRE+agsa

h

cathode, The lithiumcontent in the upper electrode 6 is in the
suitable for a drive mode of the display unit 1. When the

display unit 1 is driven by a gimple matrix mode, the lower
electrode 4 is shaped into a stripe pattern. When the

_ {~‘ display unit 1 is driven by an active matrix mode in which
pixels have respective TFTs, the lower electrode 4 is
‘patterned so as to correspond to the arrangement of pixels
and is connected to the TFTs with contact holes (not shown)
formed in an insulating interlayer covering the TFTs.

An organic layer 5 is formed on the lower elegqtrode
(anode) 4. The organic layer S includes a hole injection
sublayer 501, a hole transport sublayer 503, a luminescent
sublayer 5085, and an eléctron trans@ort sublayer (not shown).
These sublayers are formed on the lower electrode 4 in that
order. Howevexr, the organic layer 5 may have any other
structure,

Each sublayer of the organic layer 5 may be composed of
any known material and he formed -by any kn0wn.process, for |
example, a vacuum evaporation process or a spin coating
prqcess,' The thickness of the organic layer 5 is adjusted
such that the display unit 1 exhibité a microcavity effect,

namely, light emerging‘from the lﬁminescent sublayer 505 is




range of 0.3 to 1.9 percent by weight. Preferably, the rode 6
contains sil.ver as the major conponent. However, the uggggégfg@@%ode 6 may

contain any other material. Exanples of such materials include alum num
ni ckel, copper, germanium rhodium palladium indium tin, iridium

plati num gold, ruthenium alkali netals such as sodium potassium

rubi dium cesium and francium alkaline gearth netals such as magnesi um
calcium strontium barium . and radium and | anthanides such as | ant hanum
cerium praseodym um neodym um pronethium samarium europium

gadol i ni um bj dysprosi u hol mum erbium thulium ytterbium and
Tutetium I?é%ﬁﬁ?é%%ﬁ?%rf%%f%?gLﬁgs?ntF@euﬁﬁﬁra deettels Baces ofctheably

o of a si G eS0T The upper el ectrode 6 al o has a Stripe pattern
organi o EL devi a SRRET Shelt i BE\PqH Gl d LU e Sommad are iespl ay
2sol i d 1 e ihay LR Y 4 et e Biias are BRthtaeer ot as &
conmon el eci ngdeed opq %ﬁ.thﬁgiéﬁ‘fbér electrode 6 functions as a cathode,
The lithium content in the upper electrode 6 is in the
range O0f 0.3 to 1.9 percent by weight. Preferably, the
upper electrode 6 contains silver as the major component.
However, the upper electrode 6 may contain a;my other
- material. Examples of such materials include aluminum,
nickel, copper, germanium, rhodium, palladium, indium, tin,
iridium, platinum, gold, rutheniom, alkali metals such as
sodium, potassium, rubidium, cesium, and francium, alkaline
earth metals such as magnesium, caleium, strontium, barium,
and radium, and lanthanides such as- lanthanum, cerium,
prageodymium, necdymium; promethium; samarium, europium,
gadolinium, terb;_i.um, dysprosium, holmium, erbium, thulium,
-(ﬁ ytterbium, and lutetium.
In the sputtering process, the upper electrode § is
preferably formed at a deposition rate of 50 nm/min or less.
When the display unit 1 is of a simple matrix type, the
upper electrode 6 also has a stripe pattern that is
orthegonal to the Stripe pattern of the 1Qv}er electrode 4.
The organic EL device 3 is formed at each cr&ssing-positian.

- When the display unit 1 is of an active matrix type, the




When the display unit | is of a top-emtting type that Jﬁ%%%gt 6 t from
t he upper electrode 6, the upper. electrode 6 nust have a uate 1ight
transmittance. Since a significantly low transmttance causes a decrease in
external quantum efficiency, the current density nust be increased in
order to achieve a desired level of brightness. As a result, the
brightness half-life of the display unit decreases. Fig. | is a graph-
illustrating the relationship, betmeen"t%é‘brightness hal f-1ife of the
display unit and the thickness of the AgLi upper electrode. Here, the
brightness half-life is a tinme when the brightness of the organic EL

decreases tuppatfeldetiode i Gl ibraobd IRsSLApS: AN DSBS ovdP Hd ve

vol tage during continuous lighting at a constant current. A reference

di spl ay unienbixé ngulest npper2 ched t fodet; eosed il v @&d? si-um

and formed by vacuum evaporation has a brightness haIf-%??e o(ﬂ§%%§hours.
The displa@fiwﬁherﬂaﬂekﬁthe upper electrode formed by the sputtering has
a brightness half-life of 864 hours or nore wthin the thickness range of

7 nmto 21 run. WeSoitliengiisplaghentii Akiessoh the-efdliiupper el %_ﬁytOde
must be 21 run or. less in order to increase the brightness half-life. 7
August 2006M1its light from the upper electrode 6, the upper electrode
6 must have adequate light transmittance. Since a
significantly low transmittance causes a decrease in
(TW - external quantum efficiency, the current density must be
increased in order to achieve a desired level of brightness.
Ag a result, the brightness half-life of the display unit
decreases. |
Fig. 1 is a graph illustrating the relationship, between
- the brightness half-life of the display unit and the
thickness of the AgLi upper electrode. Here, the bhrightness
half-life is a time when the brightness of the organie EI, :
decreases to half the initial brightness due to an increasge
in drive voltage during continuous lighting at a constant
current. A réference display unit having an uppex electrode
composed of silver and magnesium and formed by vacuum
evaporation has a briqhtness half—lifé of 864 hours. The
display unit having the upper electrode formed by the
sputtering has a brightness half~life of B64 hours or more
within the thickness range of 7 nm to:21_nm. Accordingly,
the thickness of the-AgLi upper electrode &ust be 21 nm or

less in order to increase the brightness half~life.




10 The brightness half-life is satisfactorily high when 7AQ&5ﬁb&ﬂgum
content in the upper electrode is in the range of 0.3 to 179 percent by
weight. Fig. 2 is a graph of the relationship between the display unit
characteristics and the lithiumcontent when the lithiumcontent is varied
within the range of 0.18 to 1.9 percent by weight. Fig. 2 shows that the
drive voltage (nerely "voltage" in the draw ng) and the external quantum

. efficiency (C.E ) substantially do nof'dﬂhﬁge within the |ithium content
of- 0.3 to 1.9 percent by weight. Wthin the above thickness and the
lithiumcontent, the upper electrode can be fornmed by a sputtering process

wi thout damage ofhe fler bylyeness | RAEE- 11 ForddI 8401 £rabbEr! £9 UL IR Gl P! Ay
unit shows a drive voltage, an external quantumefficiency, and a

bri ght ness “theal Lithiemt bahtane Qnﬁnhéabbpeﬁﬁébe&ﬁ@éﬁeoﬁsa'ﬂiEﬂéa¥aﬁ6%t
- formed by a vacuum evaporation process. The lower limt o% t he

transnittaneé Peduteed.PopetrhentuppewetlRet r oflegt » bk BOWr-keH di ed.
"Fig. 4 is agraph illustrating the relationship betmeen_p%eﬁrg??ggﬁince

and transn¥elaktenshin havebengtheoflisplaymmid therbhtekDesscfandali

filnms containing 98.1 percent by weight of silver and 1.9 percent by

wei ght of IF?%iﬂ%?%%@%s@@ﬂt&ntlyhehethan@ithium content is varied
‘within the range of 0.18 to 1.9 percent by weight. FPig. 2
shows that the drive voltage (meiely “voltage" in the .

(f. drawing) and the external quantum efficieﬁcy (C.E.}
substantially do not change within the lithium content of
0.3 to 1.9 percent by weight. Within the above thickness
and the lithium content, the upper electrode can be formed
"by a sputtering process without damage of the organic layer.
Furthermore, the resulting display unig shows a drive
voltage, an external quantum efficiency, and a brightness
halg—life that are comparable with those of a display ﬁnit
formed by a vacuum evaporation procéss.

The lower limit of the transmittance required for the

{ - upper electrode 6 will now be discussed. Fig. 4 is a graph
illustrating the relationship'batween the reflectance and
“transmittance at afanelength of 550 nm and the thickness of
AgLi films containing 98.1 percent byﬁﬁeight of silver and
1.9 peicent by weight of lithium (substantially the same
curves were obtaihed'fxdm a composition of 99.7 percent by

weight of silver and 0.3 percent by weight of Li). Since.

the maximum thickness_is 21 nm to achieve a required




curves were obtained froma conposition of 99.7 percent by, |¥§ éég
silver and 0.3 percent by weight of Li). Since the maxi iR Thi ekness is 21

nmto achieve a required 7 August 2006 brightness half-life, the
transmttance of the upper electrode 6 nust be at |east 30% Wen the
upper electrode 6 has a transmittance of 30t or nore, the display unit 1
can- be used as a top-emtting display unit, The transmttance and _
refl ectance of the upper electrode 6 alFsdldepend on the conposition of the
upper electrode 6. Thus, the thickness of the upper electrode 6 is
determned in view of its conposition. Silver Is a netal having small

absor bance. panghchBssORKUTL D) CkRESerghoRReELECLT gE°ph A LT 0e!

absorbance is smaller; thus, thé maxi nun1 ness 0 Er el ectrode

6 is 21 nn1ef@@@fdﬂBQEYmubhebéeﬁﬁlié@gtd3§ﬁ[a¥ﬂgghttﬁe ﬂ§$$§e§+é§€raﬁrga”'c

EL device 3 including the | ower el ectrode organ 8 the

upper eIectﬁdﬁ@s6ade§aﬁbhﬁdthﬂcéh§f Sﬁid€$|H&réhetﬁgb&irﬁﬂ%%du%%ﬁ?%uﬁg

el ectrode 6, conposed of silver as t mary” conpone

lithium  dbetiseddasphayophimidtisg f@lSBhPYuRi EPULERE | 08 PEREES S

protective film(not shown in Fig. % conposed o nagneSIUHf@Fuorldé

calciun1f|Lﬁndckﬁflmctahbeoafnthéiﬁbpéﬁ electrode 6 also depend on the
' composition of the upper electrode 6. Thus, the thickness

of ‘the upper electrode 6 is determined in view of its

(ﬁ composition. Silver is a metal having small absorbance, and

_ the optimum thickness of an electrode having larger
absorbance is smaller; thus, the maximum thickness of the
'upper electrode 6 ié 21 nﬁ.

Accordingly, the resulting display unit 1 includes the
organic EL device 3 including thé lower electrode 4, the
organic layer 5, and the upper electrode § deposited in that
order on the substrate 2. The upper electrode 6, composed

- of silver as the primary component énd containing lithium,
of this display unit 1 is formed by a sgputtering process,

A protective film (not shown in Fig. 3) composad of
magnesium fluoride, calcium fluoride, or silicom nitride is
formed on the substrate 2 to cover the orgénic EL device 3.
The protective film prevents deterioration of the organic EL

~device 3 by moisture and oxygen in air. Preferably,.the
display unit 1 is bonded to a2 counter substrate with &
'__.thermosetting resin, followed by curing the resin by UV

i;radiation or heat, such that the organic BL devide 3 is




formed on the substrate 2 to cover the organic EL devic rotective
filmprevents deterioration of the organic EL device 3e%§u%ﬁ¥2@%fe and
oxygen in air. Preferably, the display unit 1 is bonded to a counter
substrate with a thernosetting resin, followed by curing the resin by W
irradi ation or heat, such that the organic EL device 3 is 7 -August 2006 12
sealed by the resin. In this enbodi nent, as described above, the upper

el ectrode 6 containing lithiumis fornmedlé the organic layer 5 by a
sputtering process. Since the display unit I is of a top-emtting type
emtting light fromthe upper electrode 6, the upper el ectrode 6 nmay have

| ow refl ectanvabed by ehBeredpids, the upper electrode 6 may have a snal
t hi ckness. 4s a result, the upper electrode 6 can be deposited by a

sputtering procens #iavd ngmbdiind O dued | Ydd e i rgﬂﬁiz anmgi ng .t he
underlying organic layer 5 due to a red%éc%%ﬂtﬂ%ére. e?!s%gﬂacﬁ%zbl ay unit

can be prodetedtnbdd 6hieRtRIATNG! 1 OPnehk Ekefﬁi‘%@&dor‘?xﬂjx@i&f%%ﬁ % | um nous
per

efficiency and long-termreliabilTity. When the thickhess of

legeg'; r gdies&a?lisei:nStm al spgetetidg BréSedd, Nnk; fbe f’t?@a@fsﬁaﬁ NgnPLOpNi C
aet is of a top-emitting type emitting light from the upper
electrode 6, the upper electrode 6 may have low reflectance.
In other_words,'the upper electrode 6 may have a small
(f thickness. As a result, the upper electrode 6 can be
deposited by a sputtering process having high productivity
without damaging the underlying organic layer 5 due to a
reduced time. Thus, the display unit can be produced with
high production efficiency and exhibits high luminous
efficiency and long-term reliability.
When the thickness of the upper electrode 6 ig in the
range of 7 nm to 21 nm, the damage of the organic layer 5 is
minimized during the formation of the upper electrode é.
When the upper electrode 6 contains silver as the major
component and lithium, the display unit 1 has higher
luminous efficiency. Furthermore, the ﬁpper electrode ]
containing silver can be deposited.at a higher depeosition
rate in the sputtering process. Thus, the upper electrode §
having a desired thickness can be formed without’damaging
the underlying organic layer 5. |
When the upper electrode 6 contains silver, the upper

electrode 6 has high adhesiveness to the:organic layer 5 and




mnimzed during the formation of the upper-electrode GETA?ﬁﬂfgb&ye upper
electrode 6 contains silver as the major conponent and Tithium the
display unit | has higher lumnous efficiency. Furthernore, the upper
electrode 6 containing silver can be deposited at a higher deposition

rate in the sputtering process. Thus, the upper electrode 6 having a
desired thickness can be formed w thout damaging the underlying organic

| ayer 5. Wien the upper el ectrode 6 contdBns silver, the upper el ectrode 6
has hi gh adhesi veness to the organic layer 5 and 7 August 2006 13 is
stable in noisture and oxygen. Furthernore, taa upper t6|SCt;??et?OLngEd

by the sputitsers AGE SR Al ' %@%ﬁ? . a ' 2L

m%i sturepi nto tﬁ%ﬂ%{r gani c Isztﬁegmg?ﬁ I'n (ﬂ ti Qn,ﬂ{ \eﬁu[bgp%e'r_ eéﬁgﬁfe 6h do.
cont ai ni ng dliddtireie MRVidina YRl thaiOlluf SOELAGTL 80 LUNELT AR RS 2 qgaL000e:
thus, the display unit can be used at” a reduced drive voltage.

Accor di ngl and iper etiesplsay it oA o @loRgetd bt U8 Qr oAV 855RYS
deterioration of the organic layer 5. In the present 1 nvention, as’
described a@bovan wldeliufiper, thleewippRae of cedRolie %Obﬁﬁgﬁgﬁiigﬁﬁghﬁﬂ. g
process without damaging the organic layer 5 not having a buffer Tayer,
W th ‘having a small work function can function as a cathode; thus,

~-the display unit can be used at a reduced drive voltage.
Accordingly, the display uniﬁ has & prolonged life due to
(ﬁ\  suppressed deterioration of the orgaﬂic layer 5.

m In the present invention, as described above, the upper
electrode 6 can be formed by a sputtering process without
damaging the organic layer 5 not having s buffer layer, with
high productivity. The resulting display unit has a

prolonged lifetime.

7 EXAMPLE
With reference to Fig. 2, a chromium lower electrode 4
was formed into a thickness of 200 nm on an inner surface of
8 glass substrate 2 with a thickness of 0.7 mm by a DC
- magnetron sputtering process. The surface of the lower
electrode 4 was exposed to an oxygen plasmé for 30 =seconds
to form 2 chromium oxide layer on the lower electrode 4.
The substrate 2 was transferred iﬁto an organic |
deposition chamber through a vacuum system-at 10_4 Pa
without exposing the substrate 2 to ait.'.While the chamber

was being evacuated to about 3x10—5 Pa, 2-TNATA [4,4',4%-




hi gh productivity. The resulting display unit has a pro}Rt(rj;%gg 6de etine.
EXAMPLE Wth reference to Fig. 2, a chrom um | ower el ectroué % was fornmed
into a thickness of 200 nmon an inner surface of a glass substrate 2 with
~a thickness of 0.7 mmby a DC magnetron sputtering process. The surface of
the lower electrode 4 was exposed to an oxygen plasma for 30 seconds to
forma chrom um oxide | ayer on the | ower electrode 4. The substrate 2 was
transferred into an organic deposition é8anber through.a vacuum system at
10-4 Pa w thout exposing the substrate 2 to air. Wile the chanber -5 was
bei ng evacuated to about 3X10 Pa, 2-TNATA [4,41,411 7 August 2006 '

tri s(2- naphtyd pltenydpirt v hehPemm et AEbhAes1 SeRast ted, | i glness
of 30 nm an U.-NPD [4, 4" -bis(N(I -n{:%)h%y%y)?fl\l- .phejnyf%m%ﬁ%ﬁ%h%&ny ) was
deposi t ed .iatthickimeeknes S3@fnR0 amne-wws {Hen an - v
- [t:ris(8-quinolinolato)al um nun(llX)] con%alnimg%Xﬁﬁl&i%ﬁqy%&ﬁ}hé%osited

nto a thi qhmensl i) biphedTE] S ddies 2 dRuiiane I AthddU QA her
eposition chanber for form ng a cathode through a vacuum system a
nm, and then an Alg, [tris(B—quinolinolato)aluminum(III)}
containing coumarin 6 was deposited into a thickness of 30
nm,
The substrate 2 was transferred into another deposition
(»- chamber for forming a cathode through a facuum gystem at
10_4 Pa without exposing the substrate 2 to air. Using an
AgLi (lithium content: 3.0 percent by weigh) target, an AgLi
cathode (upper electrode §) was formed into a thickness of
12 nm by a DC magnetron sputtering process at a.Dc power of
60 W and a sputtering time of 316 seconds in an argon
sputtering,gas atmosphere with a gas pressure of 0.2 Pa.

The substrate 2 was transferred into a chemical vapor
_depositicn chamber without exposing the substrate 2 to air.
A silicon nitride (SiN,) protective film was formed on the
substrate 2 into a thickness of 3 pm. Deposition gases used

were silane (SiH;), ammonia (NH;), and nitrogen (N).

. The substrate 2 was placed into air, a photocurable
resin was placed dropwise onto the protective film, and the
inner surface.of the substrate 2 was bonded to a glass
counter substrate with a thickness of 0.7 mm. The
photocurable resin was cured by UV irradiation to seal the

organic EL device between the substrate 2 and the counteb




-4 10 Pa wi thout exposing the substrate 2 to air. Using?ﬁn us@gb'G(Iithium
content: 3.0 percent by weigh) target, an AgLi cathode (upper “el'ectrode 6)
was formed into a thickness of 12 nmby a DC nagnetron sputtering process
at a DC power of 60 Wand a sputtering time of 316 seconds in an argon
sputtering gas atnosphere with a gas pressure of 0.2 Pa. The substrate 2
was transferred into a Chem cal vapor deposition chanber w thout exposing
the substrate 2 to air. A silicon nitfiaé CSiN,) protective filmwas
formed on the substrate 2 into a thickness of 3 pm Deposition gases used
were silane (SiH4) , ammonia (NH3) , and nitrogen (NO The substrate 2 was

pl aced i nt osabgtratehotocurable resin was placed dropw sé onto the
protecti-ve film and the inner surface of the substrate 2 was bonded to a

gl ass counter SRStCGMFARATIVER HMNMEQESSiOftH: GHEVe %ﬁ%%’é%%%@en

resin was cured by UV irradiation to seal the organ
the substraedeatzon linpecolon eronduieigusé PAPS: waldstd@ida Fiofo GOVPARATI VE

EXAMPLE, in the above procedure, a U20 electron injection conductive |ayer
was forned tiiokness wEkheass of d4 vaolyn adeRsAtidiERNSdd HPcass and an
| upper electrode composed of Mg:Ag (10:2 by volume ratio) was
formed into a thickness of 12 nm to prepare a display unit
having a multilayer upper electrode. Since the optical
.(," characteristics of electrodes are different between AgLi and
MgAy if the total thickness of the organic layer is the same,
the chromaticity of the emitted light is different
therebetween due to the microcaﬁity effect. Thus, the
thickness of the organic layer in COMPARATIVE EXAMPLE was
.cont;olled 0 that EXAMPLE and COMPARATIVE EXAMPLE had the
same chromaticity. |
Evaluation of Initial Characteristics
A DC current was applied between the lower electrode
and the upper electrode of each of the resulﬁing display
~units of EXAMPLE and COMPARATIVE EXAMPLE. TFor achieﬁing a
' brightness of 1,130 cd/m®, the quantum efficiency was 7.3
cd/A at an applied voltége of 7.6 V in EXAMPFLE, and 6.5 ed/A
at an applied voltage of 7,0 V in COMPARATIVE EXAMPLE.
These display units had the same chromaticify.
The results shqw-that-thé digplay unit of the present
invention having the upper eléctrode.formed by the

gputtering process and not having a buffer'layer emitted




upper el ectrode conposed of. My: Ag (10: 2 by vol une ratio)7P@§£ﬂ§8&§ed into a
t hi ckness of 12 nmto prepare a display unit having a nu Wayer upper

el ectrode. Since the optical characteristics of electrodes are different
between AgLi and MAq if .the total thickness of the organic |layer is the
same, the chromaticity of the emtted light is different therebetween due
to the mcrocavity effect. Thus, the thickness of the organic layer in
COVPARATI VE EXAMPLE was control |l ed so-t h&ét -EXAMPLE and COVPARATI VE EXAMPLE
had the sanme chromaticity. Evaluation of Initial Characteristics A DC
current was applied between the | ower electrode and the upper el ectrode of

each of el 1gnyl 4 nendi $phaYarih! 3ok, EXALELE and, COVPARATI VE EXAVPLE
For'achievingg§ bri ght ness o?r¥?%38ogg7 ZE?&t%%aﬁﬁgmt%ﬁﬁéF*F%$ﬁn%? was
73 cdiA othedo appl coUPARAR 2GR ehavpe ADIESAELELE0E & 2 204 At an
applied voltage of 7.0 V in COWA g%“ﬁ?% . #ﬁ%%%eﬁi§b?%§x?ﬁﬁts had
the same chfoiméd Gy Va FaCLERSHVESoERLYGA NALsLdE, di splay unit of the
present invention having the upper electrode"forired by the sputtering
process anEvdludtdin bR Gkt LRuddy oLi QR A 4 r IS 229 028 s 41
Voltage
A decrgase in brightness of each display unit was
evaluated when the display unit was continuously turned on
(ﬁ~ at a constant current. Fig. 5 is a graph illustrating the
relationship between the brightness and the lighting time.
Fig. 5 shows the display unit of EXAMPLE had a longer
lighting life compared with the display unit of COMPARATIVE
EXAMPLE. In the continunous lighting, the increase in drive
voltage was substantially the same in these display units,
Accordingly, the ‘display unit having the upper
_electrode formed by the sputtering process and not having a
buffer layer on the organic layer substantially has the game

characteristics as the display unit having the upper

e¢lectrode formed by the vacuum evaporation prodess.




light at the same drive voltage and quantum effici ency f
COVPARATI VE EXAMPLE havi ng the upper electrode forned @A%é%ggﬁoﬁ
evaporati on process-. Evaluation of nti nuous Lighting Lifetine and

I ncrease_jn__Voltage A decrease in brlghtness of each display unit was
eval uat e§5BER t he di splay unit was continuously turned on at a constant

current. Fig..5 is a graph illustrating the relationship.between the
bri ght ness ant t he®| f“gﬁgig%g gPirma“?a}‘:ll‘—“lgg.E“ 5 L QRO SR Idi SpPAFY ut 't Yof  EXAMPLE

had a longer. . lighting |ife conpared with the display unit of COVPARATI VE
EXAMPLE. erﬁlﬁt e g%)‘#%ti %&SH‘SaPi %rnﬁgeﬁﬁoqencfgﬂgﬁf?ﬂygdri ve voltage was
substantially c’gr@n%nsagelé nert he se J(gli%%ol ayaunlilt Se a%cqordi ngly, the display
uni t havi ng t%e upﬁer ¥ 545 7T ¥ by e s&ﬁtteri ng process and not

having a buf | ay on the organi.c l.ayer sulstanti y has the sane
characteri sti%%maléat %é %]f%aﬁ'llacygﬁgﬁ Jﬁlac\}flﬁbn haeqﬁlbnﬁgrese+r£atctrode formed by

t he vacu%l%ﬁgpégpgh%n&pg,%?egfec&toégglﬁlﬁ %__Q]%g -17 CLAIMS: 1. A nethod for

maki ng a top-emtting ay uni ing light froman upper el ectrode,
conpri sing. forming the upper electrode containing lithium on the

organic layer by a sputtering process, the upper electrode
functioning as a cathode,
| characterized in that the upper electrode has a thickness
in the fange of Tnm to 21lnm, and
wherein the upper electrode contains silver as the
primary component and the lithium content is in the range of

0.3 to 1.9 percent by weight.

2. The method according to claim 1 , wherein the upper
electrode is formed by the sputtering process at a deposition

rate of 50 nm/min or less.




formng a | ower electrode on a substrate; formng an ogg&&%§ ‘ﬂ*ﬁr
i ncluding a | um nescent sublayer on the | ower el ectrode; then form ng

t he upper el ectrode contai ning Ilthlgglon the organic |layer by a
sputtering process, the upper electrode functioning as a cathode,
characterized in that the upper electrode has a thickness in the range of
7nmto 21nm and wherein the upper electrode contains silver as the
prinmary conponent and the lithiumcontent is in the range of 0.3to 1.9

percent by me ght. J%%y (QPth$ %Pcorq:ng to clalc)a:.e the e%éhjgpe upper

el ectrode is orne e spu erlna proces posi t rate of 50
nm m n S. Augus 0 hqd 0 anhyone of
t he prececfil%3 3%55%%8 ; %rg$ eﬁfé?ﬁftfggg e%tgogggﬁgéggﬂifgnsgl%tance of

at | east. 30%har ¢l glqgh@ﬁ%{a%@fnaggxs%g%g% o 950 pm 4. A top-enitting

display unit emtting ayer conpr|5|ng substrat e;
| oner el ectrode on the substrate;

4. A top-emitting display unit emitting light from an
upper layer comprising:
a substrate;
a lower electrode on the substrate;
an organic layer including a luminescent sublayer on
the lower electrode; and
an upper electrode on the organic layer, the upper
electrode containing lithium and functioning as a cathode,
characterized in that the upper electrode has a thickness
. in the range of 7nm to 21nm,
wherein'rthe upper electrode contains silver as the
primary component and the lithium content is in the range of

0.3 to 1.9 percent by weight.




an organic layer including a |lum nescent sublayer on thea], hodd ect rode;
and an upper electrode on the organic |ayer, the upper eleCtrode
containing lithiumand functioning asga cathode, characterized in that the

upper el ectroge hagya 4 sknens: | fddiasanee of znmgto. glom  wfierein the

‘upper el ectrode contaifs sifver  as the pri nar§ Eéhpdned eﬁgldnt & 1ithium

content |;§,d 0 L e ‘ 19 . rcent. by weight. .7 t 2006
-19 5. Th%pdi§%?§§r§ﬁ?th%%€%3agﬁg l%tgFg$n?ﬁfﬂﬁﬁgﬁggngpﬁefoﬁéﬁgﬂﬁélectrode
has a tragsiid anefeAnfh Leasio 3Qpefor light having a wavel ength of 550
nm




