0] e3e[ 2X$46T2@H DI SPLAY DEVI CE AND METHOD FOR MAKI NG THE SAME BACKGROUND
of THE INVENTION 1. Field of the Invention The present invention relates to

di splay units and nmethods for nmaking the sane. In partlcular
i nvention relates to a display unit including a |um nescent m’m@ﬂmﬁm has
an organic | ayer between electrodes and relates to a nethod he
sanme. 2, Description of the Related At jAtypical organic *159159

el ectrol um nesGent (EL) device based on el ectrol um nescence of an organic
mat erial has an organic |ayer that includes an organic hole transport

suhl ayer and an organi ¢ ] um _nescent et ween an_ anode and a

cat hode. The orga PéLAYdaﬁvcrg%ﬁDa Qrzi'@ib 031 I '%{'EE aSWth- bri ght ness
| urni nescent device that can be driven by | ow DC voltage. The organic EL
device has a structure: including a substrate, a | ower el ectrode

functi oni n the substrate, the organic |ayer

I ncl udi ng%@?ﬁ%eg@g%%uﬁ&@gﬁ%@ the I ower el ectrode, and an upper

el ectrode functj onin cath de or anode. The light enmerging fromthe
organic | é iﬁnﬁkaﬁhﬁﬂﬁb 1% substrate or the upper electrode. In

t he production ,Iq{eb?%}t q_rnqpeq{tciﬂ_ I%E?L‘Qt%% ,ggﬁeqis iy nc’ﬁ%ﬁ% s formed

on the substrate t er ni ng, e organic ng t he

| um nesce%emgy@&r'rﬁa)gﬁ&ﬁsa &ds e hex+ ayert%@? £0d€h the

upper electrode is for e organic e insu |on of the
upper el ec{fpgior {0 d 0L dHVES @'&9&;5?&'5@ h1$1 D e L S B el mrniﬁ@géeﬁret hod,

each layer is forned, for exanple,

device that has an organic layer between electrodes and
relates to a method for making the same.
2., Description of the Related Art

A typical organic electreoluminescent (EL) device based
on electroluminescence of an organic material has an organic
layer that includes an organic hole transport sublayver and
an organic luminescent sublayer between an anode and a
cathode. The organic EL device has attracted attention as a
high-brightness luminescent device that can be driven by low
DC voltage. The organic EL device has a structure including
a substrate, a lower electrode functioning as the anode or
cathode on the substrate, the organic layer inecluding 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 organiec EL device, the

lower electrode is formed on the substrate by patterning,

[
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sputtering or vacuum evaporation. In the process, the upper el ectrode nust
be farnmed w thout damagi ng the underlying organic layer. If the organic

| ayer is danaged, the |um nescent efficiency to the anount of charge

i njected decreases. Thus, a large current nust be applied between the

el ectrodes for achieving high brightness. Unfortunately, a large current in
the organic EL device accelerates deteripration of the organic |ayer,
resulting in a decrease in lifetine (brightness half-life) and an increased
in power consunption of the display unit. In view of such circunstance, the
upper electrode is generally, formed by vacuum deposition which | ess damages
t he underI?@%g°69©%h?cl?%ﬁﬁr4“9%Eﬁ1¥%et@%p%?mé¢%gF?BHesP§lPBﬁﬁEHSby
sputtering, an organic buffer |ayer conposed of fax exanple, sapper

oht hal ocy SRS T 90, 001 HAY LAVERCeLRGRRPRSt o5R7, Tham FRE BBBEF of octrode is

f d f I t t th ic | duri h
putt or i ngt proeteas 13 Hokned B0 HRE obvRaibnires: \iiEecthbitakionear
Pat ent ' ' Publ {cati has. 00-5826 2000: 4b364 and U. S.
patent N hE BbBRE APSLERRAS A (RGLEGHEF L SLectEbda TR PRORT .

di sadvant yrad€ NMethod requires an additional step far formng the
buffer  layer an the organic layer, resulting in an increase in production

t d ' ' ' t h b
Cayer of the reduiyag HEREY 4l SHELY Fromd P Sradee (Y Pe gt
range; henggut{oei sl SoL Yatith E98SoPRL10RYe ESEAEUpELGRLEOMhL! fiper
characteristics in this specitic @gve engt h range. F%x exanpl e, tﬁg %uffer

layer conpepes: PEdEORPEE BEt PSLREN AL PRoRESd8mb GLHE @Hé%ﬁ&b@ﬂ]g@ﬁék in a
red wavel ength range, nore specifically absorbs about 20%light even if the

| ayer thi ckirgssicslddenn ThHUBhe 2o¥@nDE 0PAYEr Els deihEge@X iRt s a | OW
light-emtting efficiency, in other words, |ow external quantum efficiency.

Such | ow ekamimascepngffieféney ebsyti€sathdont nofnchaggeassjentedrrent far
achieving required brightness arid a decrease in brightness half-life, Wen
t he upper déeceasee. i SThos el byryaccunrevaponstibe, apheiddpbsetteen rate is
unstable. Thus, the resulting upper el ectrode does not have a predeterm ned
t hi ckness.thealetibrogeer fereerhbdeing héghebhrighdoesevapdirefombunsteiy A
plurality of materials, it is difficult to fix the conposition. Thus, many
i dl i ng hou® sl &F@e regurert forthe aprganiaEl decbapostcebaraheshe co 4

deterioration of the organic layer, resulting in a decrease
in lifetime (brightness half-life) and an increased in power
consumption of the display unit.

In view of such cilrcumstance, the upper electrode is
generally formed by vacuum deposition which less damages the
underlying organic layer. When the upper electrode is
formed by sputtering, an oxrganic buffer laver composed of,
for example, copper phthalocyanine is provided on the
organlc layer, and the upper electrode is formed on the
buffer layer to protect the organic layer during the
sputtering process, as disclosed in, for example, Japanese
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evaporation. furthernore, these materials nust be supplied frequently.
Accordi ngly the vacuum evaporati on process has reduced productivity.
SUMVARY OF THE | NVENTI ON An object of the present invention is to provide a
met hod far nmaking a display unit that can form an upper el ectrode w thout
damagi ng an organic |ayer and has high productivity. Another object of the
present invention is to provide a display unit exhibiting a | ong brightness
hal f-1ife. According to the present invehtion a nethod far nmaking a
tap-emtting display unit emtting light froman upper el ectrode, includes
formng a | ower electrode on a substrate; form ng an organic |ayer

i ncl udi ng andu@hésdéndedubhdyBr SonPahenttoNer. 6l 72, 488Bland then forni ng

t he upper electrode containing lithiumon the organic |ayer by a sputtering
process, the uppeweetectthbie methed dnidigthe Sothowbnig. disadvnentagpesnitting
display unit emtting light fromthe upper el ectrode, the upper electrode
does not nEbE Methaderegnizesi ant pddadicnasd aagprbéornhfarmipgnthiee upper
electrode s _formed by sputtering, damage to the underlying organic

subl ayer | SVfE8Er AR¥AT FRushet REIRBLG £RNGTdi EPPHY tHAPt IRadPhilgFTrease

Iuninescent effiaienig. Si nce tge upqer _ 5 eleggroge contains |ithium
(Li), it foaRcPFBANCEIOR E9FkoaBY PnCREPLACAREH, dARPLAYeFNeFeBEFEgEUSE

P hrum ouh bi Tt BiETe ol CrERREREPIPRVER of oihe Sre vl ARG SPER Ead)

A di ngl .t he_di spl . uni I d i lif hi gh
g??fihzﬂgyﬁﬁtt BpsaRPe Lig o f%ﬁa%%ﬁfﬁ%%%m%ﬁéﬁb%ﬁt ﬁéﬁ%ﬁi‘é‘gﬁfﬁ%mert i o
el udi ng- SPoALRBLES Aoy 8 Blsk: BEY RHTerBebtEeRedibb it Ra B e
fumct | oni nohabaEeaLiRELes! 10Ens b RpUBRRH ARbEGLLANGLHC ARl POgbl! M) um and

graph illugkhabhBg the bekakionahp Behpyesadt Be EBbﬁEEeﬁﬁtﬂElapyé?&heupper

el ectrode formed Dy a sputtering process and the brightness ha Ife of a
display has a large absorption peak in a red wavelength range, more

specifically absorbs about 20% light even if the layer
thickness is 14 nm. Thus, a red organic EL device exhibits
a low light-emitting efficlency, in other woxds, low
external quantum efficiency.

Such low external quantum efficiency results in an
increase in current for achlevling required brightness and a
decrease in brightness half-life.

When the upper electrode 1s forxrmed by vacuum
evaporation, the deposition rate is unstable. Thus, the
resulting upper electrode does not have a predetermined
thickness. When the upper electrode is formed by co-
evaporation uslng a plurallty of materlals, it is difficult
to fix the composition. Thus, many idling hours are

required for stabilizing the composition in the co-



unit including the upper electrode; Fig. 2 is a graph of the relationship
bet ween the voltage and quantumefficiency and the lithiumcontent in an
AgLi film Fig. 3 is a cross-sectional view of a display unit according to

an enbodi rent of the present invention; Fig. 4 is a graph illustrating the
rel ati onship between the reflectance and transmttance and the thickness of
an AgLi film and Fig. 5 is a graph hILustrating the relationship

bet ween the brightness and the continuous lighting tinme at a constant
current. DESCRI PTI pN OF ' SHE PREFERRED EMBCODI MENTS The preferred

enbodi nents of a nethod far nmaking a display unit and the display unit

aacor d~. ng 8V@PeRe t5o8s e nf urihexmoge ,witihie seomaices 1igd sc mivsdd bien soyeiiled ~i th
reference to the drawings. Fig, 3 is a cross-sectional view of the display
un~.t accorfd@Fyeslan eg&‘y‘dﬁrﬁ?&@ﬁlﬁh@h@i YBICHNY GVEPP TigFIORd &y e 8o dirsi ¢ EL
device 3 on a substrate 2. The structure of the display un~.t 1 wlll be
appar ent f ¥6AUERE PHOOMGEAYiIMt-hod for making the display unit 1. The

substrate 2 prepared nay be a glass, silicon, or plastic plate, or a TFT
substrate hav~.~lg TFTs (thin filmtransistors). Preferably, the substrate

tr anspar on CTYBRY G5 8 BEVENJAEN fr ough the substrate . o

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

Another object of the present invention is to provide a
display unit exhibiting a long brightness half-life.

According to the present invention, a method for making
a8 top-emitting display unit emitting light from an upper
electrode, includes forming a lower electrode on a
substrate; forming an organic layer including a luminescent
sublayer on the lower electrode; and then forming the upper
@lectrode containing lithium on the organic layer by a
sputtering process, the upper electrode functioning as a
cathode.

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 sﬁblayer is moderated. Thus, the resulting display

unit has high luminescent efficiency. Since the upper



Ne~ct, a lower electrode 4 is formed an the substrate 2. The | owex

el ectrode 4 functions a$ an anode in this enbodi nent. Thus, the | ower

el ectrode 4 is preferably canpased of a material having a | arge work
function. Exanples of such materials include nickel, gold, platinum
pal | adium sel enium rhodium ruthenium iridium rhenium tungsten,

nmol ybdenum chrom um tantalum niobium gall oys thereof, tin oxide, indium
tin oxide (I TO, zinc oxide, and titanium oxide. The |ower electrode 4 is
patterned into a Shape that is suitable for a drive nmade of the display
unit 1. Wien the display unit 1 is driven by a sinple matrix node, the

| over el ecregErdes comadasi dddhdust r(ildd pattt SURCTNRBS BlFe adicathageunit 1
is driven by an active matrix nmade in which pixels have respective TFTs,
the | over dRePBrddeudars git LPDSEd ed@cigode cantadging 6dlviee dPgangénent
of pixels and is connected to the TFTS with contact hal es (not shown)
formed in &Re REJP& COFPORERTY APEingoem BEsorPapees angn Ldthanrc | ayer 5 is

f d th | ectrqd de) 4. Th ic | 5 includ

Al o i1 e TR e Lae PP £aLs e st ds faP LSREyERLES4R% | U neseent
bl 505, d | ect t t bl t .sh . Th

SUbl ayer s AEEPAPREY -an NS OIS Vol SN SHBEE AN T "BRder PEADBOEE. ¢ he

organic Iagg&vicga&iq%y%%gpéﬁgﬁﬂﬁg %#%%% rgi Each subl ayer of the organic

| ayer 5 may be "conposed and be forned by any known

, ” ti : :
provess: f CXeAPLEp-EnYACU AYSROD! LATPLCERAAG 2o6ha BRALLAD
di spl ay un'ihv%n%ﬁ'&ab'ih%lﬂg@ e0QRWalE a1, e Gt io%%e@f.’eclt' gl SEELGeNg from
the | um nescent subl ayer pg S g _ resonated by reflectlon on the top
and bot t omghyagesadle ;t A8 SrGRANIE |l|%Wr IncIUdiRRea 8he@heddent SQRhAYET

lithiumi$ forned on the organic layer 5 by a sputtering process info a

thi ckness en #hemlbwezl sl@ctbdRlaUPReid eneappede e editbigdnsnagha Cat hode.
The lithiumcontent in the upper electrode 6 is in the range of 0.3 to 1.9

percent byowgagit. 1Ryefsr abley upble@ electrode containing lithium and

functioning as a cathode,

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 a display
unit including the upper electrode;

Fig. 2 is a graph of the relationship between the
voltage 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 i1llustrating the relationship between

the reflectance and transmittance and the thickness of an



upper electrode 6 contains silver as the ma~ox conponent. However, the
upper electrode 6 may contain any other material. Exanples of such
materi $l s i nclude al um num nickel, sapper, germanium rhodium palladium
indium tin, iridium platinum Bald, ruthenium alkali nmetals such as
sodi um potassium rubidium &8ium and francium alkaline earth netals
such as magnesi um cal cium strontium_barium and radium and | anthanides
such as | anthanum cerium praseodym um neodym um promethium samarium
europium gadoliriium terbium dysprosium holmum erbium thulium
ytterbium _and lutetium_ 1In the sputtering process, the upper electrode 6
i s preferaPPlif 6ikBd anda deposition rate of 50 nrn/min or |ess. when the
display unit 1 is of _a sinple matrix type, the upper_electrode 6 also has a
stripe pattern ¥Hat 551%r?hﬁﬁﬁﬂﬁl1%%“%%€a§%ﬁgth%aF?E@ﬁlﬁﬂsbhE betueen

el ectrode 4, The,organic EL deyvice 3. is forngd at ,each, orossing position.
When the diFEfl §lghgpefsi§“8ft i] &EPFLBuHHFHE%gg§6@9 tA&e a¥pder el ectrode
5is a solid |ayer that extends over the entire substrate 2 and functions
as a connnﬁQBFg%PFoﬁng8n§rl the pixels. Wien the display unit 1 is of a
top-emtting type that emts light fromthe upper el ectrode 6, the upper

el ectrode 6 nust have adequate light transmttanoe. Since a significantly

ow tr ansihibRRse-oANSBE uicRERRRRED Rguant um ef fici ency, the
y nust bé

current densrt i NICreased 1 n orggﬁspo acﬁleve a desired | evel of

bri ght ness. AS gnd G5bblertld Qrbo@ingnss Natlalhd M%@%&Wt

decreases. Fig. 1 is a grap ustrating the relations ween t he

brightneSSdmab&ayiﬁﬁiefahaetﬂbsahgﬁluyi&nieﬁF%ESraﬁh&fQﬁgiagfR&?ggﬁQL

upper el ectrode. "Here, the brightness half- els ati e

bri ght nessjabehieofr ganicnbly gecueagesnea Bal Hethe1i fithakobeirghtaesy due
to an increase in drive voltage during continuous |ighting at a aanstant

current. Athef@rewtfgdi, spkay,upi .shavipgsarsebpebnahe¢teadescemposed of
silver and nmagnesi um and formed by vacuum evaporation has a brightnes$

hal f-1ife dispbdvhonts. athexrdiagl ey Hni embadingnthe wppedieheayr asetf ar ned
by the Sputtering hoe a brightness half-life of B54 hours ar mare within

t he thi cknésslndageanf o¥gamitoERldavhceABcondanghbpstitheest Bi.ck@Mass of the
AgLi upper electrode nust be 21 nmar less in order to increase the

bri ght ness®hiRFtureeof thg digvndayrnghtnéswihdl bel appazeptsdronf &btorily
hi gh when the_lithiumcontent in the ug er electxade is in the range of 0.3
to 1.9 pexéehtosingemgkhodrfoy makinga gﬁaéhsbiaYthiﬁlétionship bet ween
the display unit characteristics and the |ithiumcontent when the Iithium

content is varit FHPFRAER % PERPaTed MaY the 18 whastentilbgonei ght . Fig.
2 sh that _t dr~. | t ly "vol " in_the d i dth
extornal  QRYAPARPCPLRERendy ROIPE §o8aLSPER PAFEPOABPREL (EhaRgd Wi n 1 he
l'i thi Co to . t jght. Wthin the: ab

ot Copl ehk8Lofe | OpksReRRRESTL RY MERORLa I K0LD LhSotRAEe o
osul t1ng Sl RERE-LRTRARL] b8 BB R el AP RhaR o
effici encyerafdpd-OhtoRLBESERRR! Latkborl At BhEHORNRALALLLELWEER bhOSe Of
a display unit Toamed by a vacuum evaporation process. The Tower limt of

the trar-sm ttaysee, r&abwed & %%@P@eisef&ﬁﬁ%&dsnﬁu;g\%:oé%ﬂg&%e 2

di scussed. Fig. 4 is a graph illustrating the relations et ween

refl ectancgnantofreangibbt2bae at ran¥eyshenathanf aralenghandikhe thickness
of AgLi filnms containing 98.1 percent by weight of silver and 1.9 percent

by Vi ght embbathéuﬂl(smh&santhalwabbeesaﬂﬁraaévqs1wegeewa&abm9d froma

conposition of 99.7 percent by weight of silver and 0.3 percent by wei ght

of Li). Sioompbbednefi aumntbrikheBaviag2d Darge @ckke¥anatiedui xed
Examples of such materials include nickel, gold, platinum,

palladium, selenium, rhodlum, ruthenium, iridium, rhenium,



- 11 - brightness half-7.ife, the transmttance of the upper electrode 6
.must be at | east 30% Won the upper electrode 6 has a transmttance of 30%
ax mare, the display unit 1 can be used as a tap-~ernitting display unit.
The transmittance and refl ectance of the upper electrode 5 al so depend on
the conposition of the upper electrode 6. Thus, the thickness of the upper
el eetxode 6 is determned in view o~ itsyconposition. Silver ~.s a netal
haring emal | absorbance, and the aptinumthickness of an,6e7.ectrade having
| ar ger absarbance is smaller; thus, the maxi numthivkness of the upper

el ectrode 6 is 21 nm Accordingly, the resu~.t~.ng display unit 1 includes
t he oxgani €uRgS§eR cac3ybAenudi nghrraiBweitagtaélodeisbliyme 8ldansc 7. ayer
5, and the upper electrode 6 deposited in that order on the substrate 2.
The upper EhBEEPAdetdR EBAFBscdngLus; LBy OddENdIEP) maryNEaRBaAENt BBA
containing 7.ithium of thi$ d~.splay unit 1 is farmed by a sputtering
process, AtpFBREEN; @B8Lffm (not shown ~.n Fig. 3) carnpased of magnesium
fluaride, calciumf7.uorid nnitride | on the substrate

ﬁ, ar ailicg i.s, forned

2 to cover the brgah?¥eELeleGFERIS. 4 THe PRBERERYIRLO | oy pRERRNFRAL 1S
deteri ti th i ¢. EL devi b i St d i ir.
N L R P e

th ttiye i . I i ] i i di i heat ,
such that PREPSRIaEtEr de.nzsvsh bY"H. S8et Cle el b e Bbl 18Rt 12
enbod! Ment o1838,:8636" 40ed BRAFLA, 108 UPBRLABCCRRERENS CRRRA RhAg |1LNI um
is farmed on tﬁe organi c aygr 5 by a sput% riRg process. 'Since the display
unit 10s gisB1bgpuihlyl Bg WHBgeRTby! bhEckigR! nbEPuk! ABAWPRE' yhiIchCt rade
6, the upper electrode 6 may have Low reflectance. In other words, the

upper 6|ecgiﬂd§56hﬁﬁﬁ hakpeat3tal hrili CkRBSIowhs a1ket¥dde. 4t Rg upper
el ectrode can be deposited by a sputtering process hafting high

produotiv7phﬁtu&hBQUEodaaagbn@o&hesgaﬁarhwi@ﬁeoageahgehaﬁeroé deeha a
reduced tine. Thus, the di$play unit can be p~coduced wi th high graduation

ef ficierrGundndlsesbnhietselli ¢b khe nows efiitbi ebhdycantdolle8g-(hetMshown)
relialaility . When the thickness of the upper electrode 6 is in the range
of 7 nrn téo2hedmint be dasadetdhgt hetaxdageer kayerihgi £hei BFMszed during
the formation of the upper electrode 6. when the upper el ectrode 6 contains
silver as the nilorrgembonkayennd L&tHbmmedtde thepleyennetedthadehi gher

| um nous efficiency. ~urthermare, the upger el ectrode 6 containing silver
can be depd&reda)afi-a Bhghergaepssilevesnsr Aneludeshe bpdet dnisgtpeocess.

Thus, the %ﬁ ir el ectrode 6 having a desired_thi ckness can be forned
wi t hout da g'ﬁ§théoﬁmd€rh9#ﬁgt6 B&Rpet syblageT\WAld  t Re lUPABLSERBEL r 0de 6

COMLal 15 o Py ok "8 04P G NI S S AR PSP (A8 B2 ©

These sublayers are formed on the lower electrode 4 in that
order. However, the organic layer 5 may have any other
structure,

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

namely, light emerging from the luminescent sublayer 505 is



- 13 is stable in noisture and axyger~. Fuxthermare, the upper electrode 6
.formed by the sputtering process is highly dense, and pre~rents penetration
of noisture into the oxganic layer 5. In addition, the upper electrode 6
containing lithiumhaving a small work function can function as s. cathode;
thus, the display unit can be used at a reduced drive voltage. Accordingly,
the display unit has a prolonged |ife:-~dlie-to suppressed deterioration of
the organic layer 5. In the prESent invention, as described above, the
upper electrode 6 oan be farnmed by a sputtering process w thout damagi ng
t he organi t s u r y | [ odeclLiuity.
The result?%%g%gé%ﬁégyuﬁ??y%%gfgnS?£7£é§ggdﬁl?%%t?%%?oﬂ~ggggé g?t%hg
reference j carom um | ower electrode 4 was forned into a
t hi ckness %?gg%gcnga%%raﬁ'inner surface of a glass substrate 2 with a

thickness of 0.a MBAWr & X tRANETE QUbrSiiHd £X1 Nich DEP CLP SEo Ahid S faee of

the I ower el ectrode 4 was exposed to an oxygen plasma far 30 seconds to

farm a chropham OXigpetayebyol tPettoOVERgehLEEESHCiAtoTREtAYBRhEBECOZ WS. S
transferred Tnto az~ organi c deposition chanber through a vacuum system at

| p 4 Fa wi?houttexpRshig t Thesubpletaied e2throdal 6. Ahideidrie ohanbhestvede
bei ng evacuated to about 3x10 5 Pa, 2-TNATA [4, 4~, 4~~ -- 14

tri s(2-naphtyl pitenyl iagh nm teorpteany | jam tied wese xlepiosct eokde né ola ihi thaess of
30 nm an a-NPD [4, 4'-b~.s (N (1-naphthyl) -Nphenyl am no)bi pher~yl] was
deposi ted rahgeacfhf cEnksslof pérocentaby whibghtn APy8ferably, the
[tris(8-quinolinolato)alum nunm(rlx)] containing counmarin 6 was deposited
into a thiekpessebécBoodénd. cThtatnbssiiver2agathermazber ceuponeotanot her
deposition chanber far form ng a cathode through a vacuum system at 1d 4 Pa
W t hout exijowevgri hehgubepent ele@ctroder 6 WeyngoakaAgLany| Pﬂli‘llﬁ‘tlj‘m content:
~.Q percent by weigh)_target, an AgLi cathode_(upper el ectrode 6) was
formed i nt®aberhitkneBsamples af sXch mEtaaiAder sRCipdet BLUA4NBRecess at a
DC power of 60 Wand a sputtering tinme of 31~ se gng in art argon

Lo {2gddu

sput t eri ng™y8keht nbepRefe FRTPANLUPasTRPELERy PP indium, tin,

Pea:

iridium, platinum, gold, ruthenium, alkali metals such as
sodium, potassium, rubidium, cesium, and francium, alkaline
earth metalé such as magnesium, calcium, strontium, barium,
and radium, and lanthanides such as lanthanum, cerium,
praseodymium, needymium, promethlum, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, and lutetium.

In the sputtering process, the upper electrode 6 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
orthogonal to the stripe pattern of the lower electrode 4.
The organic EL device 3 is formed at each crossing position.

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



The substrate 2 was transferred into a ~hema.cal vapor deposition chanber
W t hout exposing the substrate 2 to air. A s~.lican nitride (S Nx)
protective filmwas fornmed on the substrate 2 ~.nto a thieknes$ o 3 Vim
Deposition gases used were silane (SiH-) , ammonia (NH3) ( and nitrogen
(N2) . The substrate 2 was planed into air, a photocurable resin was placed
dropwi se onto the protective film and_t@e_inner surface of the substrate 2
was bonded to a gl ass counter substrate W~,th a thickness of 0.7 mm The
phot ocurabl e resin was cured by UV irradiation to seal the vrgani G EL

devi ce between the substrate 2 and the Counter - 15 substrate. For
COVPARATI VEPERRVBLECtERdEhE dBovesplodedaver &hatedxtbvdsr omernjtheti on
conductive layer was forned into a thickness of 1 nmby a vacuum deposition
procr~ss aRBtafeupgpbptepset eogadcbipesaanst apgaAgommon; eppctabdaetpati o)
was fornmed into a thickness of 1~ nmto prepare a display unit having a
nultiIayeraaﬁpéheepééﬁﬂéde. Since the optical characteristics of electrodes
are different between Agﬁ% and MgAg if the total thickness of the organic

layer is the safieentheecHisRhtY cPRytol +hekndtt@Rrenyhting Bvepe cFhat
t her ebetweeri, . due.,to the mcrocavity effect. Thys, the thickness of the
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the present invention having the upper electrode forne e “sputtering

process arpd BOkeBavkNOtBebPBiighthaksr neMkliede o#6the 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 brightness
half-life 1ls a time when the brightness of the organic EL
decreases to half the initial brightness due to an increase
in drive voltage during continuous lighting at a constant
current. A reference display unit having an upper electrode
composed of silver and magnesium and formed by vacuum
evaporation has a brightness half-life of 864 hours. The
display unit having the upper electrode formed by the
sputtering has & brightness half~life of B64 hours or more
within the thickness range of 7 nm to 21 nm, Accordingly,
the thickness of the AgLl upper electrode must be 21 nm or

less in order to increase the brightness half-life.



light at the same drive voltage and r~uax~tumefficiency as those o

. COMPARATI VE EXAMPLE havi ng t he upper el eotxode fornmed by a vacuum
evaporati on process. Evaluation of Continuous Lighting Lifetinme and
zr~crease in voltage A decrease in brightness of each display unit was

eval uated when the display unit was continuously turned on at a constant
current. Fig. 5is a graph illustrating e relationship between the
brightness and the lighting tinme. Fig, 5 shows the display unit. of EXAVPLE
had a I onger lighting |ife conpared with the display unit of COVWARATr' VE
EXAMPLE. In the Continuous lighting, the increase in drive voltage was
substantial |y thBeshrtohtneneshayfshise Eﬁi?%?i%EESFEFi§Yy919HeW #Bpl ay

RSN BT TR R TR B e
the vacuunbé-adorat o BROCESS BY Wedahtlo Kiger 21 LsaBnBl Por ThE g a
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Form ng  he Tt el B CERGE boRE ST A HPTLOM S8R0 tordanad ler by a
ot hod acodPTTND Lhe rAnge Y pCaBr KePHZ o SREEe B BB DB B o s
10 per cont TRy Pnaran (5 O verts ol SOy (TN AT PR Cherein the
upper drawing) and the external quantum efficilency (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

halﬁ—life that are comparable with those of a display unit

formed by a vacuum evaporation process.

The lower limit of the transmittance required for the

upper electrode 6 will now be discussed. Fig. 4 is a graph

illustrating the relationship between the reflectance and

transmittance at a wavelength of 550 nm and the thickness of

AgLi films containing 98.1 percent by weight of silver and

1.9 percent by weight of lithium (substantially the same

curves were obtalned from a composition of 99.7 percent by

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

the maximum thickness is 21 nm to achieve a required



el ectrode is fornmed by the sputtering process at a deposition rate of 50
.nmmn or less. 4. The nethod according to claiml1, 2 or 3, wherein the
upper el ectrode has a thickness in the range of about 7 nmto 21 nm 5. The
met hod according to any one of the preceding clainms, wherein the upper
lg _ electrode ha$ a transnittanae of at |least 30%for |ight having a
wavel ength of 60 nm 6. A top-emtting display unit emtting light froman
upper layer conprising: a substrate; a | r electrode on the substrate; an
organi c layer including a |um nescent subl ayer on

brightness half-life, the transmittance of the upper

electrode 6 must be at least 30%. When the upper electrode

6 has a transmittance of 30% or more, the display unit 1 can

be used as a top-emitting display unit. The transmittance

and reflectance of the upper 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

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 is 21 nm.

Accordingly, the resulting display unit 1 includes the
organic EL device 3 including the lower electrode 4, the
organic layer 5, and the upper electrode 6 deposited in that
order on the substrate 2. The upper electrode 6, composed
of silver as the primary component and containing lithium,
of this display unit 1 is formed by a sputtering process.

A protective film (not shown in Fig. 3) composed of
magneslum fluoride, c¢alcium fluoride, or silicon nitride is
formed on the substrate 2 to cover the organic EL device 3.
The protective film prevents deterioration of the orxrganic EL
device 3 by moisture and oxygen in air. Preferably, the
display unit 1 is bonded to a counter substrate with a

thermosetting resin, followed by curing the resin by UV

irradiation or heat, such that the organic EL device 3 is



the | ower el ectrode; and an uppex el ectrode an the organic |ayer, the:
.u~rper electrode containing lithiumand functioning as a cathode. 7. The
di splay unit aacord~.ng to claim®6, wherein the upper el ectrode contains
silver as the primary conponent and the lithiumcontent is in the range of
0.~ to 1.9 percent by weight. 8. The display unit according to claim®6 or
7, wherein the upper electrode has thickness in the range of about 7 nmto
21 nm 9. The display unit according to*tdame6, 7 or 8 wherein the upper
el ectrode has a transmttance of at |east 300 for |light having a wavel ength
of 550 nm
. AFs. A3L_. AeblAA%oR theAlrd3iAl.nsL. AY. AA% AsL. Al .. A. Al . AYA% A[ 9. AYAY. AL. AL/ ;
Lfr{.567}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] cacthia] embodimahta] sa] d¥at¥Zped pBE#e% The upper

electrode 6 containing lithium is formed on the organic

layer 5§ by a sputtering process. Since the display unit 1

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

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 is in the

range of 7 nm to 21 nm, the damage of the organlc layer 5 is

minimized during the formation of the upper electrode 6.

When the upper electrode 6 contains silver as the major

component and lithium, the display unit 1 has higher

luminous efficiency. Furthermore, 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 without damaging

the underlying organic layer 5.

When the upper electrode 6 contains silver, the upper

@lectrode 6 has high adhesiveness to the organic layer 5 and
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cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca! ABTX%ZXY_ u! s#$&
&V&mﬁ_+}xsnid_Z]]ca]ca]ca]ca]ca]ca]cafb&ﬁcé]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aJ ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca! _+,-00\4. 636668+: ;

; SAABUCCCE&DE&F) F. F[ GaGaH21 i | XJJK{ vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a]
$$]T (L:Ja] ca] cakcalablealnamoaktaireahnd] caygehc”aiaathatmake’, akbal appea! KKNPPQS
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9s310%&' ()-ni  UKF3M 10% & ()-y101010%® 109%& () -1 Y710%&' () -
y5109@j()_hﬁyﬁmgjg)ﬁg@@&-@prk&FpEE@@ngqua(ngtion as a cathode; thus,
F9"109&' ()-F9"10%&. ()-F9"10%& ()- Y!10%e& ()- Y!10%&'g)- L109%& ()-[ ! " #
% T :quF3ﬁh§0¢4&p@?Y|up}@%pﬁpp E(ySﬁﬁ at a reduced drive voltage.

Accordingly, the display unit has a prolonged life due to
suppressed deterioration of the orgaﬁic layer 5.

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 a buffer layer, with
high productivity. The resulting display unit has a

rrolonged lifetime.

EXAMPLE

With reference to Flg. 2, a chromium lower electrode 4
was formed into a thickness of 200 nm on an inner surface of
a glass substrate 2 wlth a thickness of 0.7 mm by a DC
magnetron sputterlng process. The surface of the lower
electrode 4 was exposed to an oxygen plasma for 30 seconds
to form a chromium oxide layer on the lower electrode 4.

The substrate 2 was transferred into an organic
deposition chamber through a vacuum system at 10 - Pa
without exposing the substrate 2 to air. While the chamber

was being evacuated to about 3x10™° Pa, 2-TNATA [4,4',4"-



Il 110%&' ()-m | 110%& ()-m,10% & ()-1010103*!10%& ()-SqT\]”_ewncBF3M 10% &
.37 10%&' ()-1010103.9!10%&' ()- IM10%L& ()- IM10%& ()-1M10%& ()-e
"cBntBF3M 10% & L!'10%F& ()-@L!'10%& ()-@!'109& ()-- !'109& ()--!10%
& ()--110%&' ()-SFHF3M 10% & @ 109%&' ()-y3 "~ S10%& ()-!10%& () -
$Ss10%& () -1010100M 109&' ()-Txi K-H!109& ()-F
,10%&f()-&?10%&T()-F(!10%&f()-f&@ﬂO%&L§)¥F_ ,
$10%&'()-"10%&'()-%Zi_UK—!lO%&'()-10101&' 10%' ()-F 510% ()-310% ()-F 1
109 ()-/109% ()-_JcB UK-110%1!110%=& ()- 1110%& ()-1!109% () -
F109%&' ()-!109%& ()-, 1098& ()-f =lulfE-110% !1098BB& ()-!10%& ()-1010101/
1098 ()- | b&is®%rraphrylehengdamino) t24plsdalant ¥Or- WaQ0depba1068! 1A% () -
""109BB& () - ""109%& ()- |yM 109BB&' ()- |yM 10%&' ()- &
&V&&t ' ) w b@ythickoepysofod® n.' w5 YoWPR ([ 4YsbieA&-((l~nbpstb§IPe&—()-' Ys"
109 ()-' 109& ( -mﬁ\+1+“+ ++, W -~ =-1101110983& ()-@10% ()- @' 10933& () -!
10%&' ()- 1phepylamino)biphenyl] was deposited into a thickness of 20
10Y1! 109&' () --00000$4\ 4+6{Y; -1 & ! 10%r& ()-S!'!10% . & ()-Y!'I 10%m& ()-Y!')sMLO
%R () - nm, and then an Alqgs; [tris(8-quinolinclato)aluminum(IIX)]
containing coumarin 6 was deposited into & thickness of 30
nm.
The substrate 2 was transferred into another deposition
chamber for forming a cathode through a vacuum system 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 6) 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
deposition chamber without exposing the substrate 2 to air.
A sllicon nitride (SiN,) protective film was formed on the
substrate 2 into a thickness of 3 pm. Deposition gases used
were silane (S1H,;), ammonia (NE,), and nitrogen (N2).
The substrate 2 was placed into air, a photocurable
resin was placed dropwise onto the protective f£ilm, and the
innher 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 counter
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substrate.

For COMPARATIVE EXAMPLE, in the above procedure, a Li,0
electron injection conductive layer was formed into a
thickness of 1 nm by a vacuum deposition process 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. S$ince the optical
characteristics of electrodes are different between AgLi and
MgAg if the total thickness of the organic layer is the same,
the chromaticity of the emitted light is different
therebetween due to the microcavity effect. Thus, the
thickness of the organic layer in COMPARATIVE EXAMPLE was
controlled so 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 resulting display
units of EXAMPLE and COMPARATIVE EXAMPLE. For achieving a
brightness of 1,130 cd/mz, the quantum efficiency was 7.3
cd/A at an applied voltage of 7.6 V in EXAMPLE, and 6.5 cd/A
at an applied voltage of 7.0 V in COMPARATIVE EXAMPLE.

These display units had the same chromaticity.

The results show that the display unit of the present

invention having the upper electrode formed by the

sputtering process and not having a buffer layer emitted
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light at the same drive voltage and gquantum efficiency as
those of COMPARATIVE EXAMPLE having the upper electrode
formed by a vacuum evaporation process.
Evaluation of Continuous Lighting Lifetime and Increase in
Voltage
A decrease in brightness of each display unit was
evaluated when the display unit was continuously turned on
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 continuous 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 same

characteristics as the display unit having the upper

electrode forxmed by the vacuum evaporation process.
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CLAIMS:

1. 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 process, the upper electrode

functioning as a cathode.

2, The method according to claim 1, 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
welght.

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

rate of 50 nm/min or less.

4, The method according to claim 1, 2 or 3, wherein the

upper electrode has a thickness in the range of about 7 nm to 21

nm.

5. The method according to any one of the preceding claims,

wherein the upper

Y 109 ()- !'8MLOY& ()- 10ZZ 10ZZ 10ZZ! Y(!10%ZZ& ()-3QSSTTTTTT~_@Y 1F
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having a wavelength of 550 nm.

6. 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 cathods.

7. The display unit according td claim 6, 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
welght.

8. The display unit according to claim 6 or 7, wherein the
upper electrode has thickness in the range of about 7 nm to 21

nm.

9. The display unit according to claim 6, 7 or 8, wherein
the upper electrode has a transmittance of at least 30% for light

having a wavelength of 550 nm.



