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DISPLAY APPARATUS
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a display apparatus, and more parficularly fo an
electroluminescant (hereinaﬂer‘refelred toasEL) display apparatus with a matrix display
panel including EL elements. , ‘
o Description of the Related Art

AnEL eiisplay apearahjs with organic EL elemehts' that is, display elements which
emit fight spontaneously and which are aranged in a matrix pattem is known
conventlonally A passwe matnxtype EL d|splay apparaius is available as suchanEL
display apparaius. In this type of EL. di isplay apparatus, parallel cathode fines serve as
eommon !ines while parallel anode lines which are perpendlcular to the cathode lines
and which are made of [TO (indium tin oxide) serve as data Ilnes An arganic EL layer

is an'anged between the set ofthe cathode lines and the set of the anods lines. A

positive voltage is applied to the data lines in each of cathode selection periods, thereby
driving oﬁanic EL elements located et the intersections of the common Iih_es andthe .
datalines. The dfsp!ay apparaius displ'ays an image which oorresponds fothe voltage
applied tothe data lines. Iﬁ the case of the passive matnxtype EL display app@s |
which displays an image by dn'ving such organic EL elements, the larger the number of
commen 1|nes andlor the number of data lines, the shorterthe selectlon penod (duty H)
perpixel. The penod of ime over which the organlc EL Iayer keeps emitting l|ght even -
after the application of a voliage befween the set of the wthode I|nes and the set of the
anqde lines is short. - In cansideration of this, acoording to the conventional passive
matrix type EL display apparatus,‘ the insiehbneous ILiminance ofthe orgenic EL layer of
each pixel during the selection periods is infensified so that 1he organic EL Ieyer
appérently emits light over 1 frame period.  The organic EL layer can emit light at 2 high
instantaneous luminarice by 2pplying a high voltage to the organic EL layer.  In this

A
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case, however, the organic EL layer can easily deteriorate.

In the passive mafrix fype EL display apparatus, the larger the number of common
lines and data lines, the more possibility of the cccurrence of crosstalk.  This makes it
difficult to enable the passive matrix fype EL display apparatus o displiay a highly precise
image. '

Proposed as a display apparatus free from the above-described problems is an
active matn'>_< {ype display apparatus which includes, as shown in Fig. 22, pairs of thin film
fransistors which porifer a voltége stbn'ng capability onthe pixels. Each of the paiirs of
thin film transistors consists of a selection transistor T1 aﬁd adrive ﬁ'ansistor T2, The_
se]ectfon fransistor T_1 is connected to a data line DL for supplying a data signaland a A
gate line GL for suppvlying a gate signal.: The gale efectrcde ofthe drive i‘ransistorTZ is
connected to the selection transistor T1.. The socurce of the drive fransistor T2is ‘
connected to a constant veltage line VL In this display apparatus, as shown in Fig, 23,
the thin filmi tranSIstozs T1and T2 are formed ina plxel areaonaglass substrate 101, |
and the gat'és ofthe thin film trénsistofs are covered with a gate insulation film 102.  In
an area adjacent to tht.e-hin film transistors T1 and T2, alrahsparerrt anode electrode
103 is provided on the gate insulation film 102.  The fransparent anode elecirede 103 s
connected to the drain of the drive transistor T2. A passivation film 104 covers the thin
fim transistors T1 and T2, A contact hole extending up to the transparent anode
elecirocte 108 is formed in that part of the passivation fim 104 which is located on the
trénsparent anodé slectrode 103. An organic EL layer 108, which absorbs the energy
generated due to the rééombiriaﬁon of electrons and holes when a current flows, is
deposited inthe oontact hole 105 extendlng up to the transparent ancde electrode 103,
A cathode electrode 107 which reﬂects visible light and which exiends over a plurallty of
pixels, is laminated on the passivaﬁon film 104 and the organic EL layer 108. In this EL
display apparatus, the efﬁciency of the injection of wrﬁerﬁ into the organic EL layer 106
depends on the ionization pofential of the ancde electrode 103 and the electron affinity

3
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(the work function) of the cathode electrode 107, In order to improve the light emitting
efficiency of the organic EL. layer 108 which depends on the camier injection efficiency,
the cathode elecirode 107 is formed using a material whose work functionis low.  Since
the cathode electrode 107 is normally formed of a metal such as magnésium whose
work function is low, the cathode electrode 107 reflects light having a wavelengthin a
range of wavelength of light which the organlc EL layer 106 emxts Dueto thls inthe
above EL dxsplay apparatus, the light emitted by the organic EL layer 106 travels
through the anode electrode 103 and the substrate 101. The organic EL layer 108 is
arranged soas notto over[ap ihe thin film transistors T1 and T2. The purpose of thus
arranging the organlc EL layer 106 is fo prevent the light emitted by the organic EL layer
106 from entering the thin film hanmstors Tland T2, If the emitted light entered the thin
film transistors T1 and T2, unnecessary photoelectromotive force would be generated in
the channel hegions of the thin film hansistdrs T1 and T2, which entails the possibility of
the thin film transnstors T1 and T2 malfunctioning.

In the active matrix type EL dlsp!ay apparatus described abave, the light emitting
area of each pixel inwhicha part of the arganic EL layer 106 1s located is limited to an
aréa in which the thin film transistors T1 and T2 are not located, and therefore the ratio of
the light emitting area to the pixel areais small. Kthe light emitting areais enlahged and
ifa voltage applied to the orgénic EL layer 106 is intensified to aftain Ee desired
luminance, the organic EL layer 106 will be ohnsiderably deteﬁoratedl The cathode

electrode 107 is made of ametal, while the organic EL layer 106 made of an organic

material, Hence, it is difficult to join the cathode electrode 107 and the organic EL layer
106 togetherina preferred candiion.  As time passes, a gap can easily oceur between _
the cathode elecirode 1 07 and thé crganic EL layer 106, which entails the possibilify that
the orgahic EL layer 106 may become emitno light  The organic EL layer can emit light
at the same luminance as that of an inorganic EL layer even when thé organic EL layer

is formed as thin as 40nm to 250nm.  The thicker the organic EL layer 106, the higher

IPR2020-01059
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an effective voltage/current for causing the organic EL layer to emit light at the desired
luminance. This limits the range of value at which the thickness of the organic EL layer
canbeset Meanwhile, the thickness of the passivation film 104, which covers the thin
film transistors T1 and T2, is set at such & value as o prevent the occurence of a
parasific capacitance in the thin fim transistors T1 and T2.  Owing to a difference in
thickness between the passivation film 104 and the organic EL layer 106, a step is
present on the upper surfaces cfthe passivation film 104 and organic EL layer 106.
There s the possibility that the cathode electrode 107 may break at that siep.  Ifihe
cathode electrode 107 breaks, the display apparatus cannct perforfn adisplay
operation. ' '
SUMMARY ©F THE INVENTION
itis accqrdingly one cbiect of the presept invention to provide a display apparaius

whichhas a !ight emitting area enlarged so as to enit light at a satisfactorily high

luminescenice even though a voltage applied to an EL layer is low, and which has a long
luminance life. ' _

‘ Itis anoiher objeét of the present invention to provide a display app_’aratus'which
prevents light from entering a;:tive elements such as transisiors, {o thereby avoiq the
malfunction of the active elementé. ' ; | _‘

In order to achisve the above objects, a display apparah.is according to one aspect
ofthe present invention cdmprisés:

a substrate; '

active elements which are formed over the subsi_:ate and which are drivenbyan -
externally suppliéd signal; _

" an insulation film formed over the subsrate so as to cover the active elements and

having at least cne contact hole;” _ _

at least one first electmdé formed on the at least one insulation film so as to cover

the active elements, and connected to the active elements through the at least one

¢’

IPR2020-01059
Apple EX1002 Page 12



LHTATT" LSTD0L &N

10

15

20

25

¢ , @

contact hole, the at least one first elecrode being made of a material which shields -
visible light,

an electroluminescent layer formed on the at least one first electrode and including
at least one fayer which emits light in aooordance with a voitage applied to the at least
one layer; and

at least cne second electrode formed on the electroluminescent layer.

Inthis d|éplay epparatus, the at least one first elecfrode is formed so as focover the
active elements andthe electrolumlnesoent fayere and the et least one second electrade
are lamlnated sequentially on the &t least one ﬁrst electrode Under those conditions,
the area occupied by an electmlumlnescent element, which is formed of the atleastone
first elect*ode the electrolumlnesoent Iayer andthe at least one seoond electrode is not
limited by the aciive elements, and a light emiting area canbe enlarged accordingly.
Th|s enables the electrofuminescent Iayer fo emit light &t the same Iumlnesoenoe as that
ofa oonventlonal display apparatus, even though a voltage appliedto the
electroluminéscent layer is low. - In this case, the load on the electroluminescent layer is
smell which ens'ures a long life to the display apparatus. Since the at least onefirst
elecirode is made ofa: matenal whlch shields vrsrble light, the Ilght emitted bythe
electrolum:nesoent layer does not enter the actlve elements, and therefore the active
elements do not matfunctron due to the light. .

In order to achleve the abovedescnbed objects, a display apparatus aooordrng fo
the second aSpect ofthe present mventlon oompnses '

a substrate; '

selectlon transistors formed over the substrate and amranged in a mafrix pattern;

drive transistors formed over the substrate and ananged in a matrix pattem, each of
the drive transistors being connected to one of the selection transistors;

addréss lines connected to the selection fransistors and through which a signal for
tuming on the selection transistors is supplied;

G
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.data lines cornected ta the selecfion transistors, a signal which corresponds to
image data being supplied to the drive fransistors through the datalines and the
selection fransistors while the selection fransistors is on;

an insulation fiim formed over the substrate so as to cover the drive transistors, the
address lines and the data lines, the insulation fiim having contact holes formed in
corespondence with the drive -trans'rstoré;

first elec_tmdes made ofa matgaﬁal which shields visible light, and formedonthe

insulation film so ;s {o cover the election transistors and the drive transistors, the first

- efectrodes being amanged in 2 mafrix pattemn in areas surrounded by the address lines
- and the data lines, and being connected to the drive transistors through the contact

hales; : '
: an electroluminescent layer formed on the first electrodes and including at least one

layerwhich émits light.in accardancs with an applied voltage;

a seoo'nii elecirode formed on the electroluminescent layer;

a first driver circuit for selécti&ely supplying the adgress signal to the address lines in
sequence;and - - _ '

aiseoond diiver circwit for supplying the image data o he data lines

Inthis display appafafus, the first electrodes are arrangéd in the areas surmounded

by the address lines and the data lines.  Under this conition, electroluminescent

* elements, each being formed of one of the first electrodes and the electrolumiﬁescent

layer and the second electrode, do not overlap the address lines or the data lines.
Consequently, no parasitic capacitance occurs béMeen the address/data lines and the
electrodes of the electroluminescent elements, thus preventing signal transmission from
being slowed down. ' | '
BRIEF DESCRIPFION OF THE DRAWINGS
Fig. 1 is a plan view of an display apparatus acconding to one embadiment of the

/]'

present invention;
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Fig. 2 Is a cross section {aken along the line A=A show in Fig. 1;

Fig. 3 is an equivalent circuit diagram showing an EL display circuit corresponding
to one pixel;

Fig. 4 Is an equivalent circuit diagram which specifically shows the structure of the
EL display circuit

Fig. Sisagraph shdwihg the electric characteristic of a drive transistor Q2;

Fig. Bis a graph showing the luminance of an organic EL elément

Fig.7is adiagém illustrating driver circuits used in the display apparatus depicted
inFig.1;

Fig.8isa dlagram showing waveforms for dnwng the dlspiay apparatus

Fg Qisg sechonal view of a display apparatus WhlGh mc!udes cathode electrodes,
an organic EL layer, and a dielectric !m between the organic EL layer and the cathode
electmdes

Fig. 10 is asectional view of a d|splay apparatus having R, G and B wavelength
range conversion layers;

Fig 11isa secilonal view of a display apparatus hawng RandG wavelength range
conversmn layers; '

Fig. 12 is a sectional view of a display apparatus hawng R GandB wavelength
range cenversion layers and color filter Iayers,

| Fig. 13 is a sectional view of a display apparatus having color filter [ayers;

Fig. 14 is a sectioral yiéw of a display apparatus having R and G wavelength range
conversion layers and color filter layers; | ' .

Fig. 15 is a sectional view of a display apparatus having concave R, G and B
wavelength rénge ocnv,ersion'laye‘rs and color ﬁiters;

Fig. 16 ié a diagram showing driver curcults used in a display apparatus which
includes drive transistors Q2 and anode electrodes connected to the drive transisters

- P

IPR2020-01059
Apple EX1002 Page 15



I 8

Fig. 17 is a plan view of a display apparatus according ancther embodiment of the
present invention; [g__w
o Fig. 18 is a cross section taken along the line B=Brshown in Fig. 17;
ﬂ/ Fig. 191s a tross section taken along the Iineg;fg-shown inFig. 17;
5 Fig. 20 is a diagram showing driver circuits used in the display apparatus illustrated
inFig. 17;
Fig. 21 is a sectional view of a display apparatus including a cathede electrode
havinga roegh surface; , ‘ ‘ |
Fig- 22 is aplan view ofa display apparatus according te the élated an, and
10 Fig. 231s a sectional view of the display apparafus illqetrated inFig. 21.
‘DETAILED$ DESCRIPTION OF THE PREFERRED EMBODIMENT
Display apparatuses according to embodiments of the present invention wilt now be
descripedin detall with reference to the accompanying drawings.
The structure of the display apparatus accordlng to one embodiment of the present
15 invent;on wiil now be described with reference to Figs. 1 and 2, F|g 1isa plan view of
that part of the display apparatus of this embodlmerrt which corresponds to one pixel.
a/ Fig. 2 is a cross section taken along the llne'K‘K.shown inFig. 1. Inthose dravwngs a
reference numeral 1 denotes the display apparatus. That pa:t of the display apparatus
1 which is illustrated in Figs. 1 and 2 includes a substrate 2, an n-channe| fransistor Qfl ,

AETATT" LTO9 500

20  ann-channel transistor Q2, an organic EL element 3, efc. Which are formed overthe -
Substrate 2. The substrate 2 is made of glass or synthetic resin, and make visible light
pass through. The n-ehennel transistor Q1 servesas a selection transistor, while the n-
channel fransistor Q2 serves as a drive fransistor. _

The structure of the display apparatus 1 will be maore specifically described.

25  Parallel address lines 4 extending in a predetermined direction are formed at equal
intervals on the substrate 2 by patteming a gate metal film which is made of aluminum
(A)or the like. The selection fransistor Q1 has a gate electrode 4A fomed in

0
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integration with one address line 4. The drive transistor Q2 has a gate electrode 4B.
Anodic oxidation films 5 are formed on the gate elecirodes 4A and 4B and the address
lines4. A gate insulation film 6 which is made of silicon nitricee is formed so as to cover
the address lines 4, the gate elecirodes 4A and 4B and the substrate 2

Semiconductor layers 7A and 7B, which are made of amorphous silicon (a-Si) or
polycrystalline silicon (p-Si), are patterned on the gate insulation film 6 covering the gate
electrodes 4A and 4B. Blocklng layers 8A and 8B are formed on the middle portions of

. the semiconductor layers 7A and 7B, respectwely, and extend in achannel vwdtrwse

direction. QOhmic layers A and 9B are fonned onthe semlconductor layer 7A, and are
isolated from each o1her atthe blockmg Iayer 8A The ohmic layer 9A is located on that
side (the drain s_ide) crf the semiconducter layer 7A which is close to a drain, while the
ohmic ayer 9B is located on thet side (the source side) of the semidondUctor fayer 7A
Whlch is close toasource. Chmic layers 9C and QD are formed on the semlconductor
layer 7B and are isolated from each other at the blocking layer 8B. " The ohrmic layer

~ 9Cislocatéd on the drain side of the semiconductor layer 7B, while the ohric layer 9D

is located on the sauroe side of the semiconductor layer 7B.  In the selection transistor
Q1l,a data line 10Ais laminated on and o_dnnected fothe ohmic layer QA located on the
drain sidé, anda souroe_electrode 10B 'isvlarninated on and connedted to the chimic Iayer
9B located on the source side. - The source electrode 108 is.oohnected' to a contact
hole 11 formed inthe gate insulation fim 6 ofthe drive transistor Q2. Inthe diive
transistor 02, & constant voltage 'line 12whichissetata ground-;ﬁotenﬁal is laminated
on and connected to the ohmic layer €C located on the drain side, and a-souroe

electrode 13 having two ends is laminated on the o_hmic layer 8D located on the source

side. Oneend dfthe ‘source eleé&nde 13is connected fo tha ohmic [ayer 9D, while the
other end of the source electrode 13is oonnectad to one of cathode electrodest5of
organic EL elements 3 The gate electrode 4B, the constant veltage line 12 and the
gate insulation film 6 therebetweaen form a capacitor Cp. '

[0
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The structures of the arganic EL elements 3 will now be described.  In the entire
display area of fhe display apdaratus, aflat interlayer insulation film 14 is deposited o a
thickness of abaut 400nm to 1200nm ¢n selecticn ransistors Q1, drive fransistors Q2
and thé gate insulationfim 6. Contact holes 14A are formed in those parts of the
interlayer insulation film 14 which are located at end portions of the source elecirodes 13
of the drive transistors Q2.  Each of the contact holes14A and a corresponding one of
the aforementioned end portions of the source electrodes 13 are lcm'ted almost in the
center of one pixel area.  The cathode electrodes 15 which are made of Mgln orthe like
are pattemed on the mteriayer insulation film 14.  Each cathode electnode 15 has an
area and a shape (almost square in this embodlment) which are enough to cover the
most part of one pixe] area surrouncded by Ihe adjacent datalines10A and the adjacent
address lines: 4. The seleduon transustors Q1 and the drive transnstors Q2 are formed
under the m’fhode electrodes 15.

Inthe entlre dlsplay area, &n organic EL layer 16 is formed on the cathode
electrodes 15 and the |nterlayer |nsulat|on film 14, and atransparent arxde electrode 17

‘ whlch ismade of ITO (indium tin oxlde) or IZnO (indium zinc oxide) is formed on the

organic EL layer 16. A dnwng power source (not shown) is connected fo the anode
electrode 17. .

The orge}nic EL layer 16 includes an electron carying Ieyer, aluminous layer and 2
hole canying layer, Ofthose layers included in the organic EL layer 16, the eiech‘bn
camying layer is closest o the catl'lede electredes 15, and the hole canrying layeris -
farthest fromthe déthode electrodes 15. The electron an layeris made of |

- aluminum-tris (8-hydroxyguinolinate) (hereinafter refered to as Alg3).  The luminous

layer is made of 96wt% 4,4'-bis (2,2-diphenylvinylene)biphenyl (hereinafter refered to as
DPVBi) and 4wt% 4,4 -bis((2-carbazole)vinylene)biphenyl (hereinafter refered o as
BCZVBi). The hole canying layer is made of N,N'-di( &-naphthyl}-N,N'-diphenyl-1,1’-

" bipheny4,4’-diamine (hereinafter referred to as @-NPD),  The thickness of the organic

|
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EL layer 16 is on the order of 40nm to 250nm.
The constitutional formulas of Alg3, DPVBI, BC2VBi and a-NPD are shown below:

~ [Fomula 1]
/( U\w
E ) 5
i@ 10
i [Formula 2]
N
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[Formula 4]

The organic EL layer 16 thiis formed emits bie light upon the eppiication of
10 predetermined voltage. S
} When the organic EL layer 16 between the anode electmde 17 and the cathode
'elec:trodes '15 includes a lumincus Iayerwhlch can cary electmns and which is made of
‘berylllum-bls(‘l O-hydroxybenzolh] quinolinate) (hereinafier refered toas Bebq2), anda
hole canymg layer made of @-NPD, the organic EL Iayer 16 can emit geen Ilghf.

15 .The oonshtuhona? formula of Bebq2 is shown below

[Forrnula 5]

'Inthe display apparatus 1 of this embodiment, each cathode electrode 15 covers

25  one pixel area surounded by the adjacert data fines 10A and the adjacent adidress fines

4, and therefore each EL element 3 emits light over the ertirety of one pixel area.  This
remarkably improves the aperture ratio per pixel in the display apparatus 1 of this

e
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embodiment over that of the conventional active makrix type EL display apparatus.  The
cathode elecirodes 15 are formed of Mginwhichrefiects light.  Therefore, the light
emitted by the organic EL layer 16 when a voltage is applied between the anode
electrade 17 and the cathode electrodes 15 comes out thfough the anode electrode 17
without leaking downward (toward the subst(ate 2). Thus, the light does not enter the
selection transistors Q1 and the drive Fansistors Q2, and hence the malfuncfion of the
fransistors Q_1_‘ and Q2 duetothe photoelectrdmotive force is avoided. The light emitted
by the organic EL layer 16 goes out 'GI’ the display apparatus through the transparent
anode electrede 17, without the light being absorbed by the substréte 2, etc.,and
therefore bright dlsplay is realized.

The area of the mterfaoe between the-organic EL layer 16 and the wthode
electrodes 15 islarge. This pemmits the cathode electrodes 15 and the organic EL layer

 16tobe JOlned together in a preferred condition, and ensures to the display apparatus 1

of thls embodlment a luminous life improved over that of the oonventlonal active matrix
type EL dlsplay apparatus. 'lhe cathode electrodes 15 are formed on aflat layer

having no steps, and therefore are free from the passhility of the cathode elecrodes 15

breaking at steps.  The cathode électrodes 15 are aanged so as not o overlap the
address Iiﬁes 4orthe datalines 10A.  Consequently, the slowing down of signal
fransmission, caused by a parasitic cabacitanoe which would occur if the cathode
electrodes 15 were arranged so as to overlap the address fines 4 or the data lines 10A,,
is prevented. ‘ |

When a layer like the organic EL layer 16 is subjected to a temperature higher than
a gl'ass-t;an's‘rtion_temperature fbr an organic EL material, its light emitting characteristic |
deteriorates considerably. In consideration of this, according to the display apparatus
of this embodiment, the organic EL layer 16 is fomed .aﬁer the selection transistors Q1
and the drive transistors Q2 are manufactured by a heat freafment under a temperature
of several-hundred degrees. The organic EL layer 16 is not subjected to a temperaturé

Y
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higher than the glass-transition temperature, and therefore the deterioration of the light
emitting characteristic does not occur.

The organic EL layer 16 is thinner than an inorganic EL layer.  Moreover, the
thickness to which the organic EL fayer is formed through vapor deposition using the
organic EL material can be very easily confrolled during the process of forming the
organicEL layer. When the organic EL layer 16 is fomed to the thickness
coresponding to ﬁqe Wavelengh at the luminance peak of the light emitted by the
organic EL Iayer.‘_ts (in other words, the wavelength of the most intense component of

the light emitted by the organic EL layer 16), the resonance effect which permits light fo

easily come out from the organic EL layer 16 can be achieved. For examp!e in the
case of an organic EL element whxch emits biue light, the resonance effect can be
attained when itis formed to the thickness of 40nm to 50nm.  In the case 6f an organic

" EL element which emits green light, the resonance effect can be attzined when it is
, I

formed to the thickness of 50nm to 60nm.

The driving principle of the display apparatus accarding fo this embodiment will now
be descnbed Figs. 3 and 4 are equivalent circuit diagrams showing that part of the
display apparatus 1 which comesponds fo one pixel.  As shown in Fig. 3, a display
cireuit in that part of the display apparatus 1 which comesponds to one bixel includes an
organic EL element 3 and a voltage corraller Cv.  As sﬁcwn in Fig. 4, the voltage
controller Cv has a selection fransistor Q1, a dﬁve transistor Q2 and a capacitor Cp. _
The driving power source Ps for éupplying a constant voltage Vdd is connected to the
anode elecirode 17 of the arganic EL e{ement 3. The voltage controller Cv is
connected to the cathode elecirode of therorganic ELelement3. The drain electrode of
the.drive fransistor Q2 inthe voltage confroller Cv is grounded via the constant voitage
line 12. | |

The voltage controller Cv ¢an control a voltage so that the luminance of the arganic

EL element 3 varies in accordance with gradation data correspanding to image data
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which is ianIt atthe time of selection. An address line 4 is connected to the gate
elecirode 4A of the selection fransisior Q1, and a data line 10A is connected to the drain
electrode of the selection transistor Q1. The gate of the selection fransistor Q1 is
tumed on in response to a selection signal supplied through the address line 4. While
the selection transistor Q1 is on, an image data voliage supplied through the data line
10Ais aocumulatéd inthe capacitor Cp,  The capacitor Cp retains the image data -
voltage almost over 1 frame period.  The resistance In ;che_ drive transistor Q2is
cantrolled by the voltage retained in the capacitor Cp. - The organic EL element 3 emits
light according to written informetion, in cther words, the retained vdltage.

The electric characteristic of the organic EL element 3 will now be described Mﬂa
refei’ence toFigs. 5 and 6. Asshownin Fig. 5, the source-drain current Ids of the drive
transistor Q2 is shifted in accordance witha gate voltage Vg applfed tothe-gate
elecirode of tjje drive fransistor Q2.  The soume—&rain mm lds of the drive transistor
Q2 becomés safurated when a source-drain voltage Vsd applied bet_ween the source
and drain of the drive transistor Q2 exceeds approximately 5V. As shwm in Fig. 6, the
organic EL element 3has é Iuminaﬁoe characteristic ao‘cofcﬁng to an anode-cathode
voltage Vac (a forward bias is positive). ~ In this embodimerit, the luminanée (gradation) |
of the arganic EL elemert 3 is contralled by conirolling the anode-cathode voltage Vec in
arange of O(V) to Vdd (V). '

" The source electrode 10B of the sefedtion fransistor Q1 is connected o the gate
electrode 4B of the drive fransistor Q2 through a contacthole 14B. - Awriting/deleting

voltage is applied to the drain elecirode of the selection transistor Q2 through the data

line 10A.
Driver circuits used in the display apparatus 1 will now be explained with reference
toFig.7. As shown in this drawing, one selection transistor Q1, one drive transistor Q2

and one organic EL element 3 are provided ineach pixel area.  One address ine 4is

connected to the gate electrode 4A of each selecion ransistor @1, One data line 10A
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is connected to the drain electrode of each selection transistor Q1.  Moreover, as
shown in Fig. 8, a selection voltage Vad having a positive potential is applied to a
selected one of the address lines 4, and a non-selection voltage Vinad having a ground
poiential is applied to the other non-selected address lines 4. In the selection peﬁods, a
writing voltage Vi according o the luminance is applied fo the data lines 10A. The
driving power source Ps continually applies the constant voltage Vdd to the anode
electrode 17. | |

The operaticn of the display apparatus 1 according to this embodiment wil nowbe :
described. .

A gate driver circuit DC1 illustrated in Fig. 7 applies voltages through its temminals
X1toXmiothe aﬁdréss lines 4, thereby sequentially sélecﬁng the address lines 4.
When selecling one address line 4 connected to the terminal X1, the gate driver circuit
DC1 applies }he selecﬁon voltage Vad to that address line, and applies the non-
selecticn veéftage Vinad to’the other address lines. Atthattime, a drain driver circuit
DC2 apﬁlie's"ﬂ‘ue writing voltage Vr through its términals‘Y1 toYnandthe data lines 10A
to the drain electrodes of those of the selection transistors Q1 which are connected to

the address Iine 4 connected to the terminal X1.  Inaccordance with the writing voltage

'Vr, a voltage of Ovio Vdd (V) is applied to those of the organic EL elements 3 which

oofréspond topixels P (1, 1) to P (1, n), and the 6rganic EL elements S'applied with the
véltage efn'rt light at ihe luminance (gradation)'aocording to mé appliéd voltage. Ina
non-selection period during which the address line 4 connected to the terminal X1 isnat
selected, the capécitors Cp connected to that address line retain the writing voltage
over 1 frame period. Consequenﬂy, currents keep flowing into the drains of drive
transistors Q2 and theninto ofgaﬁic EL elements 3 over 1 frame period, and those EL
elements emit light over 1 frame perio_d_ . In place of the selection voltage Vad, the gate
driver circuit DC1 applies the non—selectibn voltage Vinad to the address line 4
connected to the terminal X1.  In orderto select another address line 4 connected to

"]
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the terminal X2, the gate driver circuit DC1 applies the selection voltage Vad tothe -
address line 4 connected to the teminal X2, In the same manner as that descried
above, those of the organic EL efements 3 which comespond to pixels P (2, 1)to P (2, n)
emit light at the luminance according to the applied voltage.

Thus, in the display epparatus 1 of this embodiment, the organic EL elements 3 can

keep emitting light even while their comesponding address lines 4 are not selected.

Accordingly, even though the display apparatus 1 is designed to display a highly precise
image, ’;he luminance of the organic EL eléments 3nesdnotbe sethigh. For e%ample,
in order to. aftain a luminance of 1 O0cd/mat the surface ofthe saeén ofa convertional
passive matrix type display apparatus, the organic EL elements have to emit light at
luminanos of about 480000dlm2 However, in the case of the dispiay apparatus of this
embodiment,a uminance of approx. 100cdi?suffices as the luminance of the organic
EL eIements"_S. . | | '
According to the display apparatus 1 of this embodiment, unlike in the case of the
passive maittix type organic EL di;pla_y' apparatus proposed corventionally, the organic
EL elements 3 cankeep emitting light over 1 frame period, and the qisplay apparaius 1

* candisplay an image withoutt causing the organic EL efements 3 to emit light at a high

luminance:  The display apparatus 1 of this embodiment can display a highly precise
hal_ftone image, and the expressivity of the dfsplayed image is improved, Ih orderto
vary a carier potentia at a high speed, awriting voltage which is applied o the deta
fines 10A while the organic EL elements 3 are emitting no light can be set ata negalive
potential in accordance with an increase in the number of address fines 4, insofaras a
P-chanre! curent is not adversely affected |
Further, as.shown in Fig. 9, a dielectric fim having a thickness of 5nm or less and
which is formed of at least one material selected from a group consisting of Si02, Lif, Naf,
Caf2 and Mgf2, may be provided between the arganic EL. laysr 16 and the cathode
electrodes 15.  When a voltage having a predetermined value is applied between the

17
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anode electrode 17 and the cathode electrode 15, electrons are injected from the
cathode electrodes 15 into the organic EL layer 16 through tﬁe dielectric fiim 18 dus fo
the tunnéling effect. After the formation of, for example, thé cathbde eleckodes 15
which are easiiy oxidized, the dielectric film 18 is formed so as to cover the cathode
electrodes 15 by a vacuum deposition method orthe fike.  The cathode elecirodes 15
covered by the dielectric film 18 are not exposedto the air.  Accordingly, the electron
injecting capability of the cathode elecirodes 15 is maintained in an excellent condition.
Itis preferred that the dielectric film 18 be one which can be successfully joined with the -
cathode electrodes 15 and the organic EL layer 16 ina preferred state.

In the multicolor (full-color) type display apparatus 1 illustrated in Fig, 10,
wavel engih range cohveréion Iayers 52R, 52G and 526G, sandwiched between an
insulation film-53 formed onthe anode elecirode 17 and a substrate 51 ' are provided in
one-to-cne cé:mespohdenoe with the cathode electrodes 15. A black mask centaining
chromium o>:ide is formed.in the areas comesponding to the address fines 4 and the c_!ata
lines 10A. “The waveienéﬂw range conversion layers 52R have the photoluminescence
effect of absorbing light which the organic EL layer 16 emits in a blue wavelengﬂ'l range
and -gin'riting lightin a longer red wévelergth range. The wavelehg1h conversion layers
52G have the photolurrinescent effect of absorbing light which the organic EL layer 16
emits in the blue wavelength range and émitting light in a longer green wavelength
range. The wavelength corversion layers SZB ha\}e the photoluminescent effect of
absorpihg light which the organic EL Iay_er 16 emiits in the blue wavelength range and
emitting light in a longer blue waveléngth range, . |

In ihis‘disp'l-ay apparatus 1, the organic EL layer which ernits blue light of a single
color is satisfactoiy. The wavelehgth conversion layers 52R convert the blue light
emitted by the arganic EL layer 16 into redl'light, and emit the converted red I_ight The
wavelength conversicn layers 52G convert the biue light emitted by the organic EL layer

18 into green light, and emit the converted green fight  The wavelength conversion
/1
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layers 528 convert the biue light emitted by the organic EL layer 16 into blue Iight, and
emit the converted blue light  Therefore, the display apparatus 1 can easily display a
full-colorimage.  The areas occupied by the wavelength conversion layers 52R, 52G
and 52B are set equal to those oot:upied by the cathode electrodes 15, and therefore
the light emitting area of each pixel is not smedl even through the treansistors Q‘I and Q2
are present.  This permits the wavelength conversion layers to perform the energy
conversion with eﬁ' iciency.

ltis prefened thet a material havmg arefractive index which apprommates to that of
the wave!ength conversion layers 52R, 52G and 52B, which are in contact with the
lnsulahon filmi 33, be selected as the matenal of the insulation film 53.  This is because

. when the insulation ﬁlm 53 is formed of suc'h a matenal the degree of the reﬂectuon of

light atthe lnten‘ace between the lnsulatlon film 53 and the wavelength oonversmn layers
52R, 52G and 528 is small.

The.dlsplay apparaius 1 illustrated in Fig. 11 includes the wavelength oonversion
Iayets 82R 'é'nd 52G. This display apparatus 1 displays a multtcolor {full-color) image,
using as isthe bl.e lght emitted by the organic EL layer 16,

" Inthe display apparatus 1 illustrated in Fig. 12, ¢olor fitters B8R, 55G and 55B are
prowded between a substrate 1 andthe wavelength conversion layers 52R, 52G and
52B, respectlvely Of the light rnc:dent onthe colorﬁlter Iayers 52R, the light
oomponents inthe red wavelength range pass through the colorfiter Iayers 52R, but the
Ilght components inthe other wave!ength ranges are absorbed by the color filter layers

52R. Ofthe light incident on the color filter layers 52G, the l|ght oomponents inthe

green wavelength range pass through the colorfilter layers 52G, but the light

oompenents inthe other wavelethh rénges are absorbed by the color fiter layers 52G.
Ofthe light incident cn the edorﬁlter layers 558, the light cempenents in the wavelength
range in which the blue light emitted by the wavelength conversion layers 52B falls pass -
through the color filter layers 55B, but the other light components are absorbed by the

v
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colorfilter layers 55B.  In other words, the color filter layers 55B absorb the biue light
emitted by the arganic EL layer 16, but allow the biue light emitted by the wavelength
conversion layers 52B1o pass through the color filter layers 55B.
The color fitter layers 55R have such a characteristic that they absorb, of the
5  incident light entering the wavelength conversion layers 52R through the substrate 51,
the light compaonents in 1hé wavelength range of the light by which the wavelength
conversion layers 52R are excited (i.e., the light components in the same wavelength
range as that fn v;/_hich excitation light components of the blue Iigh;c gmitted by the crganic
EL layer 16fall). Under this condition, the wavelength conversion layers 52R are not
10  excited by the light coming from the outside of the display apparatus 1. The color filter
layers 55G have su&l a characteristic that they absarb, of the incident light entering the
wavelengﬁ conversion layers 52G through the substrate 51, the light components in the
wavelength r"gnge of the light by which the wavelength conversion layers 52G are
excited (i.e;, the light components in the same wavelength range as that in which of the
16  excitation liéht components of the blue light emitted by the organic EL layer 16fall). |
Therefore, the color oonversién layers 52G are not excited by the extemal light coming
"+ from the ouiside of the display apparatus 1. The wavelength conversion layers 528
emit blue fight in a blue wavelength range wider than thei_t ofthe blué light emitted by the
arganic EL layer 16 The colcrﬁiter layers 55B have such a characteristic that they
20  absorb the biue light emitted by the organic EL layer 1'5 but allow the blue fight emitted e
"by the wavelength conversion layers 52B to pass through the calar filer layers 558.
Consequently, the wévelehgth conversion layers 52B are not excited by the external _
light coming from the outside of the display apparatus 1.
“When the light emitted by the wévelength range conversion layers 52R, 52G and
25  52B enterthe colorfilter layers 55R, 55G énd 558, light in narrower wavélength ranges
than those of the light emitted by the layers 52R, 52G and 52B and having higher
luminance peaks than those of the light emitted by the layers 52R, 526G and 52B, come

Ll
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out from the filter layers 55R, 55G and 55B.  Accordingly, the color purity of light going
outside the display apparatus 1 ishigh. The black mask 54 shields areas befween the
color filter layers 55R, 565G and 55B from the external light radiated toward those areas,
and therefore the extemal light do not enter the wavelength conversfon layers 52R, 52G
and 52B so as to cause the layers 52R, 52G and 52B to-perform light emission.  The
black mask 54 also prevents light from being reflected by the address lines 4 and the
deta lines 10A.  This ensures a considerably excellent display characteristic to the
display apparatus 1. ‘Since no light erfers also the trénsiétors Q1 gr]d Q2 by virtue of

the presance of the black mask 54 and cathode electrodes 17, the malfunction of the

transistors Q1 and Q2 does not occur.

As shownin Fig. 13, the organlc EL layer 16 may lnclude a red EL lzyer 16R, a
green EL Iayer 16G anda blue ElLlayer16B. ltis possnble to wuse light emitted by
those EL layers 18R, ‘ISG and 16B to enterthe oolorﬁlter Iayers 55R, 55G and 55B,
respect;vely, and fo come out therefrom as light having higher luminance peaks.

In Fig. 44, color filter layers 6B have such a characteristic that when the blue light
emitted by the orgariic EL layer 16 enters the color fiter layers 568, blue light in 2
namower wavelength range than that of the biue Iigh{ emittéd by the organic EL layer 16.

" and havmg a higher luminance peak than that of 1he blue Ilght emitted by the organic EL

Iayer 16, comes out from the oolor filter [ayers 56!3 Hence, without usmg a wavelength
conversion layer for blue, the display apparatus 1 ilustrated in Fig. 14 can dlsplay.a full-
color image if the wavelength conversion layers 52R and 528 are provided in
odnespondenoe with theloolorﬁiter layers 55R and 55G. .

The display apparétus 1 illustrated in Fig. 15 has wavelength cdhversion layers 57R,
57Gand 57B eachhavinga concave surface facing the ofganic EL layer 16. Even
when the light emitted by the organic EL layer 16 is reflected at the interfaces between
the insulation film 53 and the wavelength conversion layers 57R, 57G and 57B, the most
part of the reflected light is reflected by the cathode elecirodes 15.  The light reflected

AR
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by the cathode elecirodes 15 falls on the interfaces between the insulation film 53 and
the wavelength conversion layers 57R, 57G and 578 at an incident angle different from
the initial incident angle.  Under this condition, it is easy for the wavelength corversion
tayers 57R, 57G and 57B to catch the light reflected by the cathode electredes 15.
Thus, in the display apparatus 1 illustrated in Fig. 15, the light emitted by the organic EL
layer 16 enters the wavelength conversion layers S?R, 57G and 578 without the light
being wasted. ‘ ) _

The display apparatus 1 of the above embodiment has the sfmcture shown in Fig. 7.
However, as shown in Fig. 16, the positions of the anode and cathode electredes can be
reversed. - Inthis case, the driving power source Ps continually applies a'constant
negative voltage (—Vdd) to the cathode electrodes of the organic EL elements 3. .

Itis possible to provide the dielechicﬁlm 18 éhown in Fig. 9 betweenananode
elechﬁde 16 :and ;he cathode electrodes 15 in tﬁe display apparatuses 1 illusfrated in
Figs. 1010 18, '

The stilicture of a display apparatus according to another embodiment of the
present inverition will now be described with reference to Figs. 171020, . Fig 17 isa
plan view of that part of the display abpara’fus ofthis embogi’n)?gt which oorresg:nds fo
onepixel. Fig. 18 is a cross section taken along the line B=B.shown in Fig. 17. Fig.
19 is a cross section taken along the Iiné’gggsﬁwn inFig. 17.

Reference numeral 21 in the drawings denctes the display apparatus.  nthe |
display apparatus 21 of this e_mbodiment'_, as shown in Figs. 17 to 19, agrounded
electrodé 23‘ is formed on a substrate 22 over the entire display area. A base insulation
filn 24, which is made up of a silicon axide film and/cr the like, is patte’rr;ed onthe
grounded electrode 23. Formed on the base insulation film 24 are parallel address
lines 48, Which are connected each to one of terminals X1 to Xm connected to a gate
driver circuit (described later), and which are spaced at predetermined intervals,  Afirst
gate insulation film 25 is formed on the address lines 48 and the base insulation film 24.

g
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As show in Figs. 17 and 18, a first semiconductor layer 26 and a second semiconductor
layer 27, which are made of amorphous silicon and/or the fike, are patterned on the first
gate insulation fiilm25.  The first semiconductor layer 26 enables the addreés lines 48
to function as gate electrodes. A blocking layer 28 is pattemed on that part of the
semiconductor iayer 26 which is the middle portion of the fayer 26 in a gate -Iengtl'wvise
direction (a vertical direction in Fig. 17). A second gate insulation film 29/is formed so
as to cover the upper and sidé surfaoés ofthe second semiconductor layer 27.  The
bloddﬁg- layer 28 and the second gate insulstion film 29 are made of silicon nitride
andfor the like, and are. formed by a CVD method. . A source electrode 30 and a drain
electrode 31 are fomed on both sides of the fist semiconductor layer 26 with respect fo
a gate widthwise dlrectlon so thet the source and drain electmdesso and 31 are
oonneded to the first semloonductor layer 26 (in Fig. 18, the source electrode 30 is
formed on the nght part of the first semiconductor layer 26, whlle the drain electrode 31 is
formed on the left part of the first semiconductor layer 28).  The address lines 48, the
first gate instilation fim 25, 1he first semioondﬁctor fayer, 26 the source electrode 30 and
the drain electrode 31 thus formed ounstrtute a selection h"an3|stor Q3. The input
impedance of the selection transistor Q3 is set ata large value. The drain electrode 31
showninFig. 17 is pattemed and forme_d in lniegratiqn witha carresponding one of data

"lines 47, which are connected each o oné of terminals Y1 to Yn connected toadrein

driver circuit (descnbed Iater) The source elec!rode 31 shown in Fig. 17 is pattemed
and fcrmed in lntegrat[on with a gate electrode 32 which crosses over the middle part of
the second semiconductor layer 27, withthe seoond gate insulation film 29 being located
between the second semiconducter layerv27 and the gate electrode 32.  The source
electrode 30‘ and the gate electmcie_32 are patterned and foﬁned in integrafion with a
capacitor upper electrode 34 included ina capacitor Cp2.  The capacitor Cp2 includes
the capacitor upper electrode 34, the second gate insulation film 29 formed under the
capecitor upper electrode 34, the first gate instilation film 25 and a capacitor lower

24
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electrode 35.  The capacifor lower electrode 35 is connected to the grounded elecirode
23 through a contact hole 24A formed in the base insutation film 24

A source elecrode 36 and a drain electrode 37 are formed on both sides of the gate
electrode 32 of the second semiconductor layer 27.  The second semiconductor layer
27, the second gate instidation film 29, the gate electrode 32, the source electrode 36
and the drain elecirode 37 form a drive trénsistor Q4. The drain elecirode 37 shown in
Fig. 17is fonpéd in integration with & power source line 38 which is parallel with the data
lines 47 and Whiqh applies a voltage for driving organic EL elements 39, The source

elecirode 36 is connected to an EL upper electrode 40 included in an organic EL
‘element 39. Inthe display apparatus 21, the selection fransistor Q3, the drive transistor

Q4 and the mpacitoprz form a voltage controller. _

As shown in Figs. 17 and 19, each orQanic EL element 39 includes a light-shielding
EL lower eleé:h’odg 42 made of Mgin and/or the like and serving as a cathode electrode,
an organic éL layer 41 formed on the EL lower electrode 42, and a transparent EL
upper layei 40 made of {TO and/or the like and formed on the organic EL Iayer 41. The
EL upper electrode 40 serves as an anode electrode.

The organic EL fayer 41 includes an electron canying layer, é luminous layer and a

hole carrying layer.  Ofthose layers included inthe organic EL layer 41, the electron

mrrymg layer is closest to the EL lower electrode 42, and the hole canying laveris

farthest from the EL lower electrode 42.  The electron canying layer is made of Alqs.'
The luminous layer is. made of 96wt% DPVBI and 4wt% BC2VBi. The hole camying
layer is made of N,N'-di( ahaphﬂwyl)—N,N’-diphenyI-‘l,1'—biphenyl-4,4’-diamine (referred
foas a-NPD). ' | .

The organic EL element 39 is formed on an interlayer insulation film 43 which
covers the selection transistor Q3 and the drive ‘transistor Q4 and which is formed over
the entire display area.  The EL lower electrode 42 is connected tothe grounded
elecirode 23 through a contact hole 44 formed in the ﬁrét gate insulation film 25 and the

/

A
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base insulation film 24.  Ofthe area surrounded by a two-dot chain line in Fig. 17, the
part except a projecting portion 40A is covered by the EL lower elecirode 42. The EL
lower electrode 42, which is a rectangular electrode covering the selection fransistor Q3,
the drive transistor Q4 and the capacitor Cp2, efe,, occupy the most part of thearea
occupied by one pixel. The organic EL layer 41 is a layer extending over the entire
displayarea. The EL upper elecirode 40 eﬁends_ovér the area surrourided by the two-
dot chain line inFig. 17.  The projecting partion 40A of the EL upper electrode 40 is
connected to the souree elecirode 36 of the drive transistor Q4 throygh a contact hole
45, as shownin Fig. 17. The power source line 38 ié connected to the driving power
source Ps which continuzlly applies the constant voltage Vdd.

Fig. 20 is a disigram showing dﬁver gircuits includéd in the display apparatus 21
ilustrated in Fig. 17. | N

Adrive rfjeﬂ'lod for having the cisplay apparatus 21 of his embodiment emit fight will
now be described. _

Agate driver circuit DC3 is driven to output a selection signal to any cne of the
address lines48.  In synchronization with the output of the selection signel to one
address line 48, a drain driver circuit DC4 .is driven to output a data signal to the data
lines 47. When the number of address lines 48 is N, 1 scahning period during 1 frame
period T is T/N, and the selection signél has such a voitage value asto‘ enablethe
writing voltage Vi exceeding the gate threshold value Vth of selection transistors Q3 to.
be applied to the address line 48 during 1 scanning period.  Upon the application of the
selection signal, selection transistors Q3 in Fig. 20 are tumed on, anda voltagé
according to the data signal‘output. to the datalines 47 is applied fo the gate electrodes
32 of drive transistors Q4, and is stored in wpacitdrs Cp2. The capacitors Cp2 retain
the voltage according to the data signal ovef 1 frame period, and the value of the
resistance in the drive transistors Q4 is controlled to a substantially constart value until
the next selection period by the potential Ve retained in the capacitors Cp. I

L6
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accordance with the value of the resistance in the drive fransistors Q4, the potential Vdd
is applied through the power source line 38 to the organic EL layer 41.  As aresult a
substantiafly constant curent flows through the orgenic EL layer 41, and the organic EL
lzyer 41 emiits light at a substantially constant luminance during 1 frame period. By
repeating those operations, the display apparatus 21 can maintain the state of emitting
light, and accordingly the conirast in an image displayed an the display apparatus 21 is
remarkably improved over the oonveh'tional passive matrix type EL display apparatus.

‘Since a currerit supplied to the organic EL. layer 41 can be precisely controlled through

the use of the transistors Q3 and Q4, the display apparatus 21 can perform gray-scale
display with ease. rfwaveléngm conversion layers andior color fiter layers are used as
shown in Figs. 1010 15, the dlsplay apparatus 21 can perfom full-color (multicolor)
display as well

Inthe dlsplayapparatus 21 of this embodlment, the area occupaed by each EL
lower eIectrode 42 is not imited by the thin ﬁIm fransistors Q3 and Q4 Therefore, the
retio of the ]lght emitting area to each pixel area can be.enhanoed, with the result that the
organic EL elements 39 can emit light at the desired luminance without the application of
an excessively high voltage. ' |

Since the EL lower electrodes 42 are madé of a light-shielding méterial, Iﬂﬁe light
emitted by the organic EL layer 41 does not énter1he selection fransistors Q3 or drive
transistors Q4 loceted beiuw'the EL lower slectrodes 42, Accardingly, the ransistors
Q3 and Q4 are prevented from malfunchonlng due fo such light, and the dlsplay
apparatus 21 ofthis embodiment can be reliably driven.

- Theareacfthe lnterfaoe between the organic EL layer 41 and the EL lower
eIednodes 42 large. This perrﬁ'r'ts the organic EL Tayer 41 and the EL lower
electrﬁdes 42 ta be joined together in & preferred condition, and ensures to the display’
apparatus 21 of this embadiment a luminous life improved over that of the conventional
active matrix type EL display apparatus. The EL lower electrodes 42 are fermed on a

1]
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flat layer having no steps, and therefore are free from the possibility of the EL lower
electrodes 42 breaking at steps.

The grounded elecirode 23 formed aver the entire display area is made of a light-
shielding metal such as Al, and therefore can shield the light coming from the subsirate
22 and can make the Eght enter the transistors Q3 and Q4.

Inhe embodiments described above, polyaystaline sicon can be used in lacs of
amorphous s_iliobn in order to form the semiconducior layers of the fransistors.

However, aiﬁorphous silicon elements are preferable to polycrystalline silicon elements.

 Inthe abovedescribed embodimerts, impurity-doped silican ritice fims, which has
a capabiity to catch carriers and store a gate voltage, wﬁ be employed as the gate
insulation films of the dirive fransistors. By thus oonferﬁng ihe voltage storing capability
onthe dﬁ've transistors themselves in addition tothe use of the capaﬁtom, the voltage
stonng capablhty of the entire curcurtry is improved,

Inthe above embodlments the fransistors are MOS transistors. However they
may be bipdlar transistors, Due to the input impedance of each of the selection
fransistors being set at & large value, the selection fransistors have the effect of
suppressing the amount of curent flowing through the address lines to a great extent
when a selection signal voltages Is applied o the bases, even in the case where the
number of selection transistors connected to each selection signai line is large.
Accordingly, the amount of current which the organic EL elements require can be made
small, and the life of the power source can be enhanced.” Similéﬂy inthe casewhere a
data signal voltage is applied to the drive transistors, the attenuation of the voltage
storéd in the capacitors can be suppressed to a great extent so as to prolong the period
of time over which the data signallvoltag'e is retained, due to the input impedance of.
those transistors being set at a large vélue.

The present invention is not fimited to the above embodiments, and various

changes can be made without departing from the scope of the present invention, For

2y
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example, the cathode electrodes are made of Mgln in the above embodiments,
However, a visible4ight shielding material having a low work function and containing Mg
andfor the like can alsobe used. It is also possible to form the cathode electrodes 15
so as to have rough surfaces and to form the organic EL layer 16 on those rough
5 surfaces, as shownin Fig. 21.  The cathode electrodes 15 having such rough surfaces
can be formed using an Mg material doped with Ag.  In this case, not only flicker due to
the reflection of the extemal light at the cathods electrodes 15 is suppressed, but also
the area of the interface between the organic EL layer 16 and the cathode electrodes 15
is increased such that successfuf joining is attained between the orgénic EL layer 16 and
10 the cathode electrodes 15, ensuring a fong luminous life tothe organic EL elemente 3.
The display apparaiuses aeeerd'lng to the above embodiments display images through
utilizatioh of the light emitied by the organic EL elements 3only. However, the display
gpparatuses }nay include liquid crystal display panels as shutters,
Inthe ek;ove-deseﬁbed embodiments; the driving power sourca Ps continually
16 appliesa odhstan@ volta'g_e to the organic EL elements.. However, since the luminance
of the organic EL elements is determined by the amount of recombination of electrons
and holes, that is, the amount of current, the strucmre wherein the driving power source
Ps applies a constant voltage is particularly advantageous when the areas occupied by
the pixels are substantially equal to each other as in the case of mafrix panels according

20 tothe above embodiments.
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What is claimed is:
display apparatus comprising:

an insulation ﬁ.lm formed over said substrate so as to cover said active elements
and havihg at feast one contacttole; ' |

at least one first electrode fo‘ ed on said at least one insulation film so as fo cover
said active elements, and connected bsaid active elements  through said at least one
" contact hole, said at least one first el . ‘being macje of amaterial vyhich shields
visible light, N\ - )

an electroluminesoerit layer formed on said 3 least one first electrode and
including at Iti.-:;ast one layerwhich emits light in accordamice with a voltage applied to said
at least one layer; and .

at least one second eledrode fo ed on sald elactrolumlnesoent layer.

2. Thedispley-apparat ; “msaldelectralﬁmnescent

% The dlsplay apparatus according to claim 1, wherenn said at least onefirst -
elecirode is formed ofa cor}ductlve material cqntau_'ung magnesmm.

! T]T‘Eﬂispllayapga[atus according o claim 1, )Ahereinsaid-aﬂéésbeﬁe first
electmde has a rough smfade which isin.contact with-said electroluminescent layer.

’ The display apparatus aooordmg fo claim 1, wherein said actwe elements are

a selection transistor whlch is turned onin response to an extermally supplied address
‘ signal and adrive fransistor, whlch is driven by a signal corresponding to image data
'supp[ied extemally through said selection transistor while said selegtion transistoris on,
for controlling a voltage to be applied to said electroluminescent Iayegz id selection

transistor and said drive transistor forming a pair.
Q,. -

Lo

e
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B Thedisplay apparatus according to claim-5, whereln said at least one first
electrgie is connected to said drive transistor through said at least one contact hole.
7 The display apparatus according to claim &, wherein:
said display apparatus further comprises a capacitar for retaining the signal
5  comesponding to the image data externally supplied through said selection transistor
while said selection transistor is on; and
while said selection trahsistor is off, said drive fransistor is driven by the signal
retainﬁd in said paéitor. »
. ﬁ’ “The dispiay apparatus according to claim 1, wherein:
10 said active elements are ransistors forming pairs and armanged in a matrix pattem,
| one transistor of each of said pairs being a seléctipn tansistorwhic:h istumed onin
response to an extemally supplied address signai andthe dther transistor of each of
said pairs belng a dnve transustor which is driven by asignal comesponding fo image
‘ . data supplled extemally through sard selection ransistor while said selection transistor is
| R~ 15  on,forcontidling a vcltage to be applied to said electroluminescent Iayer:’ﬂ e
- said selection fransistor of each of said paifs is connected to one of address lines
and one of datalines, said address lines being formed over said substrate and being
supplied with said address signal, and one of said data lines being formed over said
subshgte and being supplied with said imege date; and |
20 . said at least one first electrode is plural in number, and the plﬁrality of first
electrogtes are aranged in a matrix pattemn in areas surounded by said address lines
and said data lines.
“The display apparatus aocord!ng to claim 1, wherein a constant voltage is
appha to said second electrode.
25 yj . The display apparatus according to claim 1, further comprising at least one.
wavelength oonversioﬁ layer formed O\J;el' said at least one second elgctmde, said at

least one wavelength conversion layer emifﬁng light in a first wavelength rangé by

3
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o absorblng light in & second wavelength range emitted from  said electrolumlnescent .

layer, 10

A, Thedisplay apparatus according to claim 1€; wherein said at least one
wavelength conversion layer has a concave surface facing said at least one second
electrode. ‘

A2 The display apparatus according to claimj@, wherein said at least one
wavelength q:anyersion layer has at least two of ared conversion IayerWhich emits light
in & red wavelength range, a green conversion layer whiéh emits light in a green
V\IaVelengm range, and a blue corversion Iayerwhid'\ emits biue light.

) The display apparatus according to claim 1, wherein:
_ said display apparatus further comprises at least one ﬁlter formed above said at
least one seoond electrode; and ' | '
light Iays in afirst wavelength range pass through sald at least one filter selectively
when mcudent light rays in a second wavelength range including said first wavelength
range enter sald at least one filter . . s
<" The display apparatus according to claim 43, wherein
said at least one filter has a red ﬁlter which makes light in a red wavelength range
pass through, a green filter which makes light in a green wévelengm range pass through,
andably ﬁlterwhim makes light in a blue wavelength range pass mrﬁugh '

% The display apparatus according o claim 1, wherein ;arﬁgete;r/ofrwn:nescem

layer has a thickness whose value falls in a range of wavelength of tlght\mm sald J o s

ifl(

/é ectmlumxnescen’: layer emds

16. Adisplay apparatus’epmprising:
a substrate; -
selection transistors formed over said su

drive transistors formed over said substrate and arrang

EXS

'%agatrix pattem, each

i
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said drive transistors being connected to one of said selection fransistors;

address fines connected to said selection transistors and through which a signel
an said selection transistors is supplied; ‘

data lineg connected to said selection tranéistors, a signal which coresponds to
image data being supplied to said drive transistors through said data lines and said
selection transistors while said selection fransistors is on; _ ’

an insulation fiim ‘over said substrate so as to cover said drive transistors,
said address lines and said lines, said insulation film having cqntact holesfarmed in
comesporidence with said drive trgnsistors; '

first electrodes made ofa maf:e igl which shields visible light, and  formed on said
insulation fim so as to cover said electi nsistors and said drive transistors; said first
elecirodes being arranged in a metrix patte
and said daté lines, and being connected to sai

in areas surrounded by said address lines
rive fransistors through said contact
holes;

an elebtroluminescent layer formed on said first el es and including at least

a first driver circutt for selectively supplying said address signal g said address

a éToond driver circuit for supplying said image data ta said data lines.
4’7(} The display apparatus according to claim 16, wherein a constant voltage is
applied fo said second elecirode.

!
75
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ABSTRACT OF THE DISCLOSURE .

Selection transistors and drive ransistors are formed in individual pixel areasona
substrate. Cathode elecirodes which reflect visible light are farmed above the selection
transistors and the drive transistors so as to cover the pixel areas, with flat insulation |

5 fimsbetween the cathode electrodes and the selection and drive transistors.  An
organic EL layer and an anode electrode are sequentially formed on the cathode
decrodes. |
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Application/Control Number: 08/976,217 Page 2

Art Unit: 2778
DETAILED ACTION

Claim Rejections - 35 USC § 102
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless --

(e) the invention was described in a patent granted on an application for patent by another filed in the United
States before the invention thereof by the applicant for patent, or on an international application by another who
has fulfilled the requirements of paragraphs (1), (2), and {(4) of section 371®@ of this title before the invention
thereof by the applicant for patent.

2. Claims 1-2 and 6 are rejected unc_ier 350.8.C. 102(e) as being anticipated by
Tang et al. (U. S. Patent No. 5,684,365).

Relative to claims 1-2 and 6, Tang et al. teaches (col. 1, lines 16-19) an electroluminescent (EL)
display panel employing thin-film-transistors (TFT) as active-matrix addressing elements, and
organic electroluminescent thin films as the emissive medium. Tang et al. teaches (col. 4, lines
29-41 and sheet 4 of 5, Fig. 8) the active elements (TFT) being disposed over the top surface of a
substtate, the active elements in turn being driven by an externally supplied signal (sheet 1 of 5,
Fig. 2). Tang et al. further teaches {col. 4, lines 51-54) a dielectric passivation (insulation) layer
being deposited over at least the source of an active element, and preferable over the entire
surface of the device, with the insulation layer having at least one contact hole (sheet 4 of 5, Fig.
8). Still further, Tang et al. teaches (col. 4, lines 47-50) an anode (elecircde) layer formed on an

insulation film, and connected to said active elements through said contact hole. Typically
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{col. 10, lines 15-20), the anode material is transparent and the cathode material opaque so that
light is transmitted through the anode material. However, in an alternative embodiment, light is
emitted through the cathode rather than the ancde. In this case the cathode must be light
transmissive and the anode may be opaque (shielding visible light) . Still further, Tang et al.
teaches (col. 4, lines 55-59, col. 7, lines 42-45 and sheet 4 of 5, Fig. 8) an organic
electreluminescent layer being positioned directly on the top surface of the anode layer and

subsequently, a cathode layer is deposited directly on the top surface of the organic

electroluminescent layer.

Claim Rejections - 35 USC § 103

© 3 The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person

having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made,’

4, Claims 5, 7-9 and 17 are rejected under 35 U.S.C. 103(a} as being unpatentable
over Tang et al, as applied to claim 1 hereinabove, and further in view of Stewart (U, S. Patent
No. 5,302,966).

Regarding claims 5, 7-9 and 17, Stewart teaches (col. 1, lines 54-58; col. 2, lines 49-58 and

sheet 2 of 7, Fig. 2) a plurality of pixels arranged in rows and columns. The active matrix circuit
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at a pixel comprises a first transistor (selection transistor) having its gate connected to a select
line, its source connected to a data line and its drain connected to the gate of a second transistor
{drive transistor). The source of the second transistor is also connected to the data line and its
drain connected to one electrode of an EL cell. A capacitor is connected between the gate of the
second transistor and the source of a reference potential.

It would have been obvious to a person of ordinary skill at the time of the invention to
incorporate the limitéﬁon as taught by Stewart in the device of Tang et al. in that Tang

(col. 1, lines 1-20) teaches an electroluminescent display panel employing tl.lin-ﬁlm-transistors as
active-matrix addressing elements, and organic electroluminescent thin films as the emissive
medium.

5. Claim 3 is rejected under 35 U.8.C. 103(a) as being unpatentable over Tang et al,
as applied to claim 1 hereinabove, and further in view of Nakamura et al. (U.S. Patent No.
5,427,858).

Regarding claim 3, Nakamura et al. teaches (col. 10, lines 35-50) an organic electroluminescence
device wherein electrode material can be selected from electrically conductive metals such as
gold, silver, copper, aluminum, indium, magnesium etc.

It would have been obvious to a person of ordinary skill in the art at the time of the invention, that
one electrode could be formed of a conductive material containing magnesium in that cathode
electrodes are normally formed of a metal _such as magnesium whose work function is low, as

pointed out in the disclosure of the instant invention (page 3, lines 3-5).
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6. Claim 4 is rejected in that at least one first electrode having a rough surface which

is in contact with the electroluminescent layer is an design/ manufacturing choice.

It would have been obvious to & person of ordinary skill in the art at the time of the invention that
specifying an electrode having a rough surface to be in contact with the electroluminescent layer is
in common practice and well known in the art.

7. Claims 10 and 12-14 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Tang et al. as applied to claim 1 hereinabove, and further in view of Eida et al. (U.S. Patent
No. 5,909,081).

Relative to claims 10 and 12-14, Eida et al. teaches (col. 6, lines 20-23 and col. 23, 48—53) a
fluorescent layer may convert the Hght emitted from an organic EL device into light of a wave
length longer than that of the light emitted from the organic EL device. Eida et al. further .
teaches (col. 6, lines 41-49, and sheet 2 of 6, Figs. 4 and 5) the structure as shown in Fig. 4, the
fluorescent layers which emit rays of fluorescent light of different colors are separately disposed
on the same plane to obtain emitted light of the three primary colors(RGB). In this case, the plate
thickness of the transparent inorganic oxide substrate is preferable in a range of from 1um to 200
um. Further, as shown in Fig. 5, a color filter may be arranged on each of the fluorescent layers
to control the fluorescent colors and thereby to promote the color purity.

|t would have been obvious to a person of ordinary skill in the art at the time of the invention
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to incorporate in the device as taught by Tang et al. the features as taught by Eida et al. in order

to optemize a multi-color light emission apparratus suitable for use in multi-color or full color flat
panel displays.

8. Claim 16 is rejected under 35 U.8.C. 103(a) as being unpatentable over Tang

et al. taken with Stewart as applied to claims 1-2, 5-9 and 17 in item 4 hereinabove, and further

in view of Kishita et al. (U. S. Patent No. 5,847,516). '
Relative to claims 16, Kishita et al. teaches (col 1, lines 12-13 and 18-25, and sheet 4 of 11, Fig.
4) a circuit for driving an electroluminescent display device wherein EL elements in the display are
arranged in a matrix and a scan side driver IC and data side driver IC are respectively provided on
a scan side and data side of the display elements. Accordingly, drive voltage pulses havinga
differing polarity with each positive and negative field are applied to the EL elements by the
respective driver ICs and the EL eléments emit light.

It would have been obvious to a person of ordinary skill in the art at the time of the invention to
incorporate in the device as taught by Tang et al. taken with Stewart, the limitation as taught by
Kishita et al. in that scan and data line drive circuits are an essential element in matrix type display

devices such as those taught by Tang et al. and Stewart, and the incorporation to said drive

circuits in matrix type display devices is understood.
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Allowable Subject Matter
9. Claims 11 and 15 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of the base
claim and any intervening claims.
Relative to ¢laim 11, the prior art of record does not teach a display apparatus wherein at least
one wavelength conversion layer has a concave surface facing at least one second electrode.
Regarding claim 15, the prior art of record does not teach a display apparatus wherein an
electroluminescent layer has a thickness whose value falls in a rage of wavelength of light which

the electroluminescent layer emits.

Conclusion
10. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure,
1. 8. Patent No. 5,828,181 Okuda
U. S. Patent No. 5,640,067 Yamauchi et al.

U. 8. Patent No. 5,302,468 Nimiki et al.
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Responses
11, Responses to this action should be mailed to: Commissioner of Patents and

Trademarks Washington, D.C. 20231. If applicant desires to fax a response, (703) 308-9051 may
be used for formal cornmunications or (703) 308-6606 for informal ot draft communications.
NOTE: a Request for Continnation (Rule 609 or 62) cannot be faxed.

Please label “PROPOSED” or “DRAFT” for informal facsimile communications, For after
final responses, please label “AFTER FINAL” or “EXPEDITED PROCEDURE?” on the
document.

Hand-delivered responses should be brought to Crystal Part IT, 2121 Crystal Drive,
Arlington, VA., Sixth Floor (Receptionist)

Inguires

12, Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Vincent E. Kovalick whose telephone number is (703) 306-3020.
The examiner can normally be reached on Monday-Thursday from 9:00 am. to 4:00 p.m.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Bipin Shalwala, can be reached on (703) 305-4938.

13. Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the Group receptionist whose telephone number is
(703) 305-3900.

Vincent E. Kovalick @’/’A&

-

BIPIN SHALWALA
SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 2700
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(57] ABSTRACT

‘This invention provides a multi<oler light emission appa-
ratus wherein a transparent inorganic oxide subsirate (4) is
disposed between an organic EL device (1) and a fluorescent
layer (3) in such a maner s to arange the fuoresceat layer
(3) with a gap with the organic BL device (1), and the
organic EL device (1) is s¢aled by sealing means (5) between
the transparent inorganic oxide subsirate (4) and a support
substrate (2). The invention provides also a multi-color light
cmission apparatus wherein a transparent insulating inor-
ganic oxide layer (12) having a thickness of 0.01 to 200 um
is interposed between the fluorescent layer (3) and the
organic EL device (I). In this way, light emission life and
angle-of-view characteristics can be improved.

10 Claims, 6 Drawing Sheets
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5,909,081

1

MULTI-COLOR LIGHT EMISSION
APPARATUS WITH ORGANIC
ELECTROLUMINESCENT DEVICE

FIELD OF THE INVENTION

This invention relates to a multi-color light emission
apparatus and a method for producing thercof. More
specifically, this invention relates to a multi-color light
cmission apparatus suitable for us¢ in multi<olor or full-
color thin-type displays and 2 method for producing the
multi-color light emission apparatus,

DESCRIPTION OF THE BACKGROUND ART

An electroluminescence device (bereinafter called “EL
device”) is characterized in exhibiting high visibility due to
self-emission and in having excellent impact resistance
because of belog completely solid. At present, variable EL
devices using an inorganic or an organic compound as the
emilling layer are proposed and attempts bave been mads to
put thern to practical use. One of the EL devices which has
been realized is applied as 2 multi-color light emission
apparatus.

Such a multi-color light emission apparatus includes an
apparatus produced by combining a color filter of three
primary colors {red, green, and blue) with 2 white-light
emilting inorganic EL device and an apparatus produced by
patlerning inorganic EL devices of three primary colors in
order to position the EL devices of three primary colors
separately on the sarme plane dnd thereby to emil light
(Semicond. Sci. Technol, 6 (1991) 305-323) However, there
is the problem that the effect of emitting light of each color
is limited to 33% of the white light at most if the white color
is resolved by the color filler of three primary colors.
Further, EL devices which themselves can efficiently emit
white light have still not been attained at present.

On the other hand, a photolithography process is vsed for
patterning EL devices. However, it is known that the effi-
ciency and stability of EL devices are greatly reduced in
such a wet process.

It is common knowledge that, among EL devices, organic
EL devices are promisiog as highly intense and efficient light
emitting devices. In particular, because the light emitling

layer is an organic layer, it is highly probable that various ,

emitting colors are produced by the molecular design of
organic cormpounds. Such an organic EL device is expected
to be one device which can be wsed in praclice in a
multi-color light emitting apparalus.

However, these organic EL devices have the drawback
that chemical faclors such as external steam, oxygen,
organic compound gas, and the like cause deterioration of
the EL devices such as reduction in luminance accompanied
by the occurrence of dark spots and the like and these
devices tend to be destroyed from physical (mechanical)
factors such as heat, impac, or the like since the EL devices
are composed of a laminate of low molecular organic
compounds,

Therefore, the method for separately disposing each of the
organic EL devices, which emit lights of thres primary
colors (RGB), on the same plane can be used in a wet
process or a process including heat treatment such as a
photolithography process only with difficulty.

In order to solve such a preblem, disclosed is a color EL
display apparatus (see Jap Patent Application Laid-
open No. 40888/1989). This apparatus is, as shown in FIG.
8, characterized in that an EL emitting layer 15 sandwiched

25

w
=]

2

between a lower electrode 1¢ and a light transmitting upper
clectrode e is disposed on a substrate 2, the EL light which
is output via the light lransmitting elecirode la is externally
outpul from a transmitting substrate § via a color filter &
installed on the transmiiting substrate §, the color filter 9
facing the transmitting elecirode la.

This apparatus has, however, the disadvantage that the
Iuminance of the light of each color is reduced to one third
of the EL light by the color filler, Also, because the EL
device faces the color filter, the light cmission life of the EL
device is invariably reduced by aqueous vapor, oxygen, gas
from organic monomers, low molecular components, and
the like generated by the color filter.

To solve these problems, lately disclosed is a technique in
which a fluorescent layer absorbing light emitted from an
organic EL device and emitting visible fuorescent light is
installed in the position (laminated or in parallel) corre-
sponding to the emitting portion of the erganic EL device
(se¢ Japanese Patent Application Laid-open No. 152897/
1991). This technique casures that the light of a blue or
blue-green color emitted from the organic EL device is
converted into a fluorescent light which is visible light of a
longer wave length, This technique is utilized in a multi-
color (three primary colors) light emission apparatus in
which fluorescent layers capable of converting the blue or
blue-green color inlo 2 green or red color are separately
disposed on a flat plane (sec Japanese Patent Application
Laid-open No. 258860/1993).

The installation of the Auorescent layer bas the advantage
that multi-color light emission which is higher in efficiency
than in the case of installing a coler filier is expected.
Specifically, if the fluorescent layer especially for converting
into a green color is expecied to absorb 80% or more of the
blue color light emitled from the organic EL device, a
variety of fluerescent materials capable of emitting fluores-
cent Light at an efficiency of 80% or more are known.
Assuming both the light absorbing efficiency and light
emitting efficiency of the fluorescent layer to be 80%, it is

0 estimated that the blue light of the organic EL device can be
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converted into visible light with a long wave length at 2 yield
of 64%.

A multi-color light emission apparatus can be realized
using an organic EL device and a Auorescent layer in the
above manner. Japanese Patent Application Laid-open No.
258860/1993 proposes the following structure for the mulli-
color light emission apparatus.

As shown in FIG, 15, flucrescent layers 3R, 3G absorbing
the light emitted from an organic EL device and emitting a
preen color and red color respectively are separately dis-
poscd ot a transparent substrate 11 on the same plane, A
polymer andfor cross-linking compound of an organic
monomer or oligomer and a transparent insulating rigid
plane layer (protective layer) 7 praduced by a sol-gel glass
method are laminated on the transparent substrate 11 includ-
ing the fluarescent layers 3R, 3G by spin casting, A trans-
parent electrode 1a of the organic EL device is disposed on
the plane layer 7.

Disclosed as other structures are a structure in which the
transparent and insulating flat rigid elements is simply
placed on the surface of the fiuorescent layer instead of
being laminating on the fluorescent layer by spin casting and
a structure in which the fleorescent layer is affixed to the
back face of the hard element exhibiting the functions of a
flat plane layer instead of affixing the fluorescent layer to the
surface of the substrate. However, it Is reporied that the
structure shown in FIG. 15 is preferable.
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The structure shown in FIG. 15, however, has the problem
that the light emission life of the organic BL device is
reduced by aqueous vapor, oxygen, gas from monomers and
the like which are adsorbed to or included in the organic
compound of the fiat plane layer in a slight amount whereby
the emission is indispensably non.-uniform, because the
transparep! electrode of the organic EL deviee is only
disposed on the same flat layer composed of the polymer
and/or cross-linking compound of an organic monomer or
oligomer.

Also, a high temperature tceatment at 400° C. or more is
generally required for the production of the flat plane layer
in the sol-gel glass method. This causes the deterioration of
the organic fluorescent layer. If the sol-gel glass fiat plane is
produced by heat treatment (up to the maximum temperature
of around 250° C.} which never causes the fluorescent
member to deteriorate, there is the problem that the light
emission life of the crganic EL device is greatly reduced for
the same reason as above because water or organic com-
pounds remain,

Also, clear explanalions about the hard member in the
other structures are oot necessarily sufficient,

On the otber hand, disclosed is a method in which 2 glass
plate with a color filter formed by printing is dispesed under
the back face of a glass substrate of an inorganic EL device
(see Japancse Patent Application Laid-open No, 119494/
1982),

However, a reduction in the emitting efficiency caused by
the color filter is easily predicted in this method, Also, since
the organic EL device is produced independently of the color
filter, camber and distoction of the substrate oceur so that the
EL device cannot be manufactured in a stable manner, if, for
example, the thickness of the substrate of the organic BL
device is not increased (around 700 #m or more). As a result
of the increase in the thickoess of the substrate, the gap
between the color filter and the EL device increases,
whereby cmitted light of a color other than the desired
emitted colors leaks to remarkably narrow the apgle of view
when multi-color light is emitted.

This invention has been achieved in view of this situation
aud has an object of providing a multi-color light emission
apparatus using an organic EL device having superior light
emission life and excellent characteristics in the angle of
view and a method for manufacturing the mulli-color light
emission apparatus in a stable and efficient magner,

DISCLOSURE OF THE INVENTICN

The above object can be attained in a first invention by the
provision of a multi-color light enission apparatus compris-
ing a support substrate, an organic electrolumicescence (EL)
device disposed on the support subslirate, and a fluorescent
layer disposed corresponding to a transparent electrode or
electrode of the organic ELdevice to absotb the light emitted
from the organic EL device and to emil visible fiuorescent
light, wherein a transparent inorganic oxide subsirate on
which a fluorescent layer is placed is disposed between the
organic EL device and the flucrescent layer in such a manner
as to provide a gap between the fluorescent layer and the
organic EL device, and the organic EL device is scaled by a
sealing means between the transparent inorganic oxide sub-
strate and the support substrate.

In preferred embodiments, the flucrescent layers are sepa-
rately disposed on the transparent inorganic oxide substrate
on the same plane;

a protective layer of the Ruorescent layers andjor a

transparent substrate are further disposed on the fluo-
rescent layer;
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the plate thickness of the transparent inorganic oxide

substrate is in a range of from 1 to 200 gm; and

the transparent inorganic oxide substrate is made of a

transparent glass plate,

The above object can be attained in a second invention by
the provision of a multi-color light emission apparatus
comprising a transparent support substrate, fluorescent lay-
ers separately disposed on the transparent support substrate
on the same plane, and an organic electroluminescence (EL)
device disposed on ar above the fluorescent layers, the
fluorescent layers being disposed comresponding to a trans-
parent electrode or electrode of the organic EL devics so that
each of the fluorescent layers absorbs the light emitted from
the organic EL device and emits different types of visible
fluorescent light, wherein a transparent and jgsulating inor-
ganic oxide layer with a thickoess of from (.01 to 200 um
is interposed between the fluorescent layer and the organic
EL device.

In preferred embodiments, 2 transparent protective layer
of the fluorescent layers and/or a transparent adhesive layer
are disposed beiween, the fluorescent layer and the lranspar-
ent and insulating inorganic oxide layer;

the transparent and ipsulaling inorganic oxide layer is

made of a transparent and insulating glass plate;

the tramsparent and ipsulating inorganmic oxide layer is

made from one or more compounds selected from a
group consisting of silicon oxide, aluminum oxide, and
titanium oxide; and

the tratisparent and insulating inorganic oxide layer is

produced by forming a film of one or more compounds
selected from a group consisting of silicon oxide,
aluminum oxide, and titanium oxide o at least one of
the surface or back face of a transparent and insulating,
glass plate.

The sbove object can be attained in a third inveation by
the provision of a method for mam:facturing a multi-coloc
light emission apparalus by separately disposing, on a trans-
parent suppoert substrate, fluorescent layers absorbing the
light emiltted from an organic EL device and emitting
different visible fluorescent light on the same plane and by
disposing the organic EL device on or above the fluorescent
layer so that a transparent tlectrode or clectrode of the
organic EL device corresponds to the fluorescent layer,
comprising:

(A) aslcp of separately disposiog the fluorescent layers on

the transparent support substrate on the same plane;
(B) a step of dispasing a transparent protective layer of the
fuorescent layers andfor a transparent adhesive layer
on the flucrescent layers and on the transparent siupport
substrate on which the fluorescent layers are separately
disposed; .

(C) a step of bonding a transparent and insulating glass
plate with a thickaess of from 1 te 200 xm, in which a
transparent electrode is formed or 15 to be formed, or
bonding 2 member produced by forming a film made of
one or more compounds selected from a group coa-
sisting of silicon oxide, aluminum oxide, and titanium
oxide on at least one of the surface or back face of a
transparent and insulating glass plate, to the transparcot
protective {ayer of the finorescent layers or to a frans-
parent achesive layer; and

(D) a step of laminating an organic compound layer and

electrodes of the organic ELdevice it order on the glass
plate in which the transparent electrode is formed.

The first to third inventions can provide 2 multi-color light
cmission apparatus using an organic EL device having

IPR2020-01059
Apple EX1002 Page 172



5,909,081

5

superior light emission life and excellent characteristics in
the angle of view and a method for manufacturing the
multi-color light emission apparatus in a stable and efficient
manncr.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic and typical cross section of an
embodiment of the multi-color light emission apparatus
(first invention) of the present invention.

FIG. 2 is a schematic and typical cross section of the
multi-color light emission apparatus (first invention) of the
present invention showing another embodiment using a
protective layer of the fluorescent layers.

FIG. 3 is a schematic and typical cross section of the
multi-color light emission apparatus (first invention) of the
present invention showing an example using a transparent
substrate.

FIG. 4 is a schematic and typical cross section of the
multi-color light emission apparatus (first invention) of the
present invention showing a further embodiment using a
fluorescent layer separately disposed.

FIG. 5 is a schematic and typical cross section of the
multi-color light emission apparatus {first invention) of the
present invention showing an example using a color filter
and a black maltrix.

FIG. 6 is a schematic and typical cross section of the

=
o

"
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multi-color light emission apparates (first jnvention) of the

present invention showing an other embodiment using a
prolective layer of the fluorescent layers and a traosparent
substrate.

FIG. 7 is a schematic and typical cross section of a
comparative example, relative to the first invention, wherein
a fluorescent layer is disposed in the same side as an organic
EL device on a transparent glass substrate.

FIG. 8 is a schematic and typical cross section of an
example of a conventional multi-color light emission appa-
ratus,

FIG. 9 is a schematic and typical cross section of an
embodiment of the mulli-color light emission apparatus
(second invention) of the prescnt imvention.

30

40

FIG. 10 is a schematic aod typical cross section of the -

multi-color light emission apparatus {second invention) of
the present invention showing another embodimeat using a
transparent adhesive layer.

FIG. 11 is 2 schemalic and Lypical cross section of the
multi-color light emission apparatus (second inveation) of
the present invention showing a further embodiment usjog a
transparent adhesive layer and a transparent protective layer
of the fluorescent layers.

FIG. 12 is a schematic and typical cross section of the
multi-calor light emission apparatus (second invention) of
the present invention showiog a still further embodiment
using a transparent proteclive Jayer of the fluorescent layers.

FIG. 13 is a schematic and typical brokeo view of the
multi-color light emission apparatus (second invention) of
the present invention showing a still further embodiment
using a color filter and a black matrix,

FIG. 14 is a schematic and typical cross section of the
multi-color light emission apparatus (second invention) of
the present invention showing a still further embodiment
using a trapsparent adhesive layer, a protective layer of the
fluorescent layers, and two transparent and insulating inor-
ganic oxide layers.

FIG. 15 is a schematic and typical cross section of an
example of a conventional multi-color light emission appa-
ratus.
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DETAILED DESCRIPTION OF THE
INVENTION AND PREFFERED
EMBODIMENTS

The multi-color light emitting apparatus of the invention
and a method for manufacturing thereof will now be
explained in more detail.

The organic EL multi-color light emission apparatus of
the present invention must have a structure in which the light
(especially a blue color or blue-green color) emitted from an
organic EL device is efficiently absorbed by a fluorescent
layer, without light reduction and light scattering, and in
which a fluorescent light emitted from the Auorescent layer
is externally output without light reduetion and Light scat-
tering,

1 . Multi-color Light Emission Apparatus (First
invention)

From the above poinls of view, (he first invention is
specifically exemplified by the following structures (1)-(3),
which are respectively shown in FIGS. 1-3. Incidenlally, a
fluorescent layer may convert the light emitted from an
organic EL device into light of a wave length longer than
that of the light emitled from the organic EL device.

(1) Support substrate 2/organic EL device 1 (electrode
lc/organic compound layer 1b/transparent electrode
la)/gap 6/transparent inorganic oxide substrate
4/fluorescent layer

(2) Support substrate 2/organic EL device 1 (electrode
le/organic compound layer lb/transparent electrode
lafgap 6/iransparent imorganic oxide substrate
4/fiuorescent layer 3/protective layer 7 of the fuores-
cent layers)

(3) Support substrate 2/organic EL device 1 (electrode
Ic/organic compound layer 1b/transparent electrode
la/gap 6/transparent inorganic oxide substrate
4/fluorescent layer 3/transparent substrate 8)

In the apparatus of the present invention, the organic EL
device 1 is sealed by a sealing means 5 formed by bonding
the transparent inorganic oxide substrate 4 to the support
substrate 2, for example, using an adbesive.

Also, in the structures (1) to (3), 2s shown in FIG. 4, the
fluorescent layers 3 which emit rays of fluorescent light of
different colors are separately disposed on the same plane to
obtain emilted light of (he three primary colors (RGB). [n
this case, the plate thickness of the transparent inorganic
oXide substrate 4 is preferably in a range of from 1 #m to 200
pm. Further, as shown in FIG. 5, a color Glter 92 may be
arranged on cach of the fluorescent layets 3 to control the
fluorescent colors and thereby to promote the color purity.
Also, a black matrix 95 may be disposed between the
flvorescent layers or color filters to prevent light leakage and
thereby 10 promote the visibility of multi-color emitted light.

Next, the multi-color light etnission apparatus of the
present invention will be illustrated in more detail in terms
of each structural element. Materials used for these struc-
tural elements are nol limited to the matedals described
hereinafter which cotrespond to the lewest demands of these
elements.

1. Organic EL Device

As the organic EL device of the present invention, it is
preferable to use orgamic EL devices which emit lights
ranging from near ultraviolet light to light of a green color,
mote preferably a blue-green color. The following structures
are exemplified for the organic EL device of the present
invention 1o obtain such a light emission.

These struclures comprises fundamentally an emittiog
layetr composed of an organic compound which is sand-
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wiched between two electrodes (anode) and (cathode) and
other layers may be interposed between them as required.
Typical structures for the organic EL device used in the
present invention are as follows:

(1) Anode/emitting layer/fcathode;

(2) Anode/positive hole injection layer/emilling layer/

cathode;

(3) Anode/emilting layer/electron injection layer/cathode;

aod

(4) Anode/positive hole ipjection layerfemitting layer/

electron injection layer/cathede.

(a) Anode

An ancde using, as an eledtrode material, metals, alloys,
¢lectro conductive compounds, and mixtures of these which
have a high work function (more than 4 ev) are preferably
used, Given as examples of such an clecirode material are
metals such as Au and electro conductive materials such as
Cui, ITO, SnQ,, and ZnQ, A thin film of each of these
electrodes is formed by means of vapor deposition,
sputtering, or the like to produce the anode.

If the light emitted from the emitting layer is taken out of
the anode in this manner, it is desirable that the transmittance
by the anode of the emitted light be more than 10%. In this
case, the anode corresponds to the transparent electrode,
Also, the sheet resistance of the anode is prefecably less than
several hundreds ©/07, The thickness of the anode is usualty
from 10 nm to 1 um, preferably from 10 nm to 200 om,
although this depends on the material used.

(b) Emitting layer

Major emilting tnaterials for the organic EL device are
organic compounds. As Specific examples of the organic
compounds used for the cmitting laycr, the following com-
pounds are given, depending on the desired color, ’

First, emitted light of uliraviolet to the violet color region
can be prepared using the organic compounds represented
by the following general formula,

1

0

25
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v/x\©>

wherein X represents the following compourd.

wherein 0 denotes 2, 3, 4, or 5, and Y represents the
following compound.

G- QU

In the above compounds, a phenyl group, phenylene
group, and naphthyl group may be substituted with one or
more alkyl groups having from 1 to 4 carbon atoms, alkoxy
groups, hydroxyl groups, sulphonyl groups, catbonyl
groups, amino groups, dimethylamino groups, and dipheny-
Jamino groups. Also, these groups may be combined (o form
a saturated five-membered ring or a saturated six-membered
ring. Further, it is preferable that the phenyl group, phe-
nylene group, and naphthyl group be substituted at & paca
position so as to be easily substituted and to form a smooth
deposition film. The compounds represented by the follow-
ing formula are given as examples of the compounds sub-
stituted at a para position. Among these compounds,
p-quarterphenyl derivatives and p-quinguephenyl deriva-
tives are preferable.

OO0
O-O-O-O-CO— .
OO0 OO0 .

(CH)l

(CHy)sC

D-0-0-0-0-C

o(CHyY,

3, 5, 3", 5""-tetra-t-butyl-sexiphenyl (TBS)

P ]
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-continued

~O-O0-0O-O

O-0O-0O-0

(CEl)y

12

(13)

(6)

an
(City)s

O-O-O0-0-Q

(e W .
3,5, 3", 5*tetra-t-butyl-p-quinquephenyl (TBQ)

Next, given as examples of the organic compounds vsed
for producing emitled light of 2 blue color to a blue-green
color or a green color are fluorescent bleaching agents such
as a benzothiazole type, benzoimidazole type, and benzox-
azole type; metal chelated oxincid compounds, and styryl
benzene type compounds.

Ilustrating specific compounds, for example, the com-
pounds disclosed in Japanese Patent Application Laid-open
No. 194393/1984 are excmplified. Among these, typical
examples are fluorescent bleaching agents including a ben-
zoxazele type such as 2,5-bis(5,7-di-t-pentyl-2-
benzoxazolyl)-1,3 4-thiadiazole, 4,4'-bis(5,7-di-t-pentyl-2-
benzoxazolyl)stilbene, 4,4'-bis(S,7-di-(2-methyl-2-butyl)-2-
benzoxazolyl)stilbene, 2,5-bis(5,7-di-t-pentyl-2~
benzoxazoly)thiophene, 2,5-bis(5-0,0-dimethylbenzyl-2-
benzoxezolyl)thiophene, 2,5-bis(5-7-di(2-methyl-2-butyl)-
2-benzoxazolyl)-3,4-diophenylthiophene, 2,5-bis(5-methyl-
2-benzoxazolyl) thiophene, 4, 4'-bis(2-benzoxazolyl)
biphenyl, 5-methyl-2-[2-[4-(5-methyl-2-benzoxazolyl)
phenyl]vinyllbenzoxazole, 2-[2-(4-chlorophenyl)vinyl]
naphtho{1,2-dJoxazole, and the like; benzothiazole type
such as 2-2-(p-phenylencdivinylene)-bisbenzothiazole and
the like; and benzoimidazole type such as 22-[4-(2-
benzoimidazolyl)phenyl)vinyl]ben zoimidazole, 2-[2-(4-
carboxyphenyl)vinyljbenzoimidazole, and the like. In
addition, other useful compounds are enumerated in Chem-
istry of Synihetic Dyes, 628-637, P640, (1971).

As the above-mentioned chelated oxinoid compounds, the
compounds disclosed in Japanese Patent Application Laid-
open No. 295695/1988 can be used. Among these, typical
examples are 8-hydroxyquinoline type metal complexes
such as tris(8~quinolinol) aluminum, bis(8-quinolinol)
magnesium, bis(benzo[f]-8-quinolinol) zine, bis(2-methyl-
8-guinolinolate) sluminum oxide, tris{8-quinolinol) indium,
tris (5-methyl-8-quinoiinol) aluminum, 8-quinolinol
lithium, tris (5-chloro-8-quinolinol) gallium, bis{5-<hloro-
8-guinolinol) celcium, poly[zinc(I[)-bis(8-hydroxy-5-
quinolinony})methane], and the like and dilithivm epin-
elridione.
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As the above-mentioned styryl benzene type compounds,
the compounds disclosed in the specifications of EPCs No.
0319881 and No. 0373582 can be also used. Typical
examples of these styry] benzene type compounds are 1,4~
bis{Z-methylstyryl)benzene, 1,4-bis(3-methylstyryl)
benzene, 1,4-bis(4-methylstyryl)benzene, distyrylbenzene,
1,4-bis(3-cthylstyryl)benzene, 1,4-bis(2-methylstyryl)-2-
methylbenzene, 1,4-bis(2-methyistyryl)-2-etbylbenzene,
and the like.

Further, distyryl pyrazine derivatives disclosed in Japa-
nese Patent Application Laid-open No. 252793/1950 can be
used as the material for the emitting layer, Typical examples
of these derivatives are 2,5-bis(4-methylstyryl)pyrazine,
2,5-bis(4-ethylstyryl)pyrazine, 2,5-bis[2-(1-naphthyl)vinyl]
pyrazine, 2,5-bis(4-methoxystyryl)pyrazine, 2,5-big2-(4-
biphenyl)vinyllpyrazine, 2,5-bis[2-(1-pyrenyl)vinyl]
pyrazine, and the like.

In addition, the polypheny) type compounds disclosed in
the specification of EPC No. 0387715 can be used as the
material for the emitting layer.

Qther than the above-mentioned fluorescent bleaching
agents, metal chelated oxinoid and styryl benzeme, the
following compounds can be used as the material for the
cmitting layer:

12-phthaloperinone (J. Appl. Phys., Vol 27, L713,
(1988)), 1,4-dipheayl-1,3-butadiene, 1,1,4,4-tetraphenyl-1,3
butadiene (Appl. Phys. Lett., Vol 56, L799, (1990)), naph-
thalimide derivatives (Japanese Patent Application Laid-
open No. 305886/1990), perillene derivatives {Japanesc
Patent Application laid-open No. 189890/1990), oxadiazole
derivatives (Japancse Patent Application Laid-open No.
21679171990 or oxadiazole derivatives disclosed by
Hamada et al. at the conference of Appl. Phys), aldazine
derivatives (Japanese Patent Application Laid-open No.
220393/1990), pyraziline derivatives (Fapanese Patent
Application Laid open No, 220394/1990), cyclopentadiene
derivatives (Japanese Patent Application Laid-open No.
289675/1990), pyrrolopyrrcle derivatives (Japanese Patent -
Application Laid-open No. 296891/1990), styrylamine
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derivatives (Appl. Phys. Lett., Vol 56, L799, (1950)), con-
marine type compounds (Japanese Patent Application Laid-
open No. 191694/1990), and macromolecular compounds
deseribed in the International Disclosure Official Gazette
WO090/13148 or Appl. Phys. Lett,, Vol 58, 18, P1982 (1991).

In the present invention, as the materials used for the
emitling layer, aromatic dimethylidine type compounds
(compounds disclosed in the specification of EPC No.
0388768 or Japanese Palent Application Laid-open NO.
231970/1991) are preferably used. Specific Examples of
such compounds are 1,4-phenyiencdimethylidyne, 44-
phenylenedimethylidyne, 2,5-xylenedimethylidyne, 2,6-
naphthylenedimethylidyne, 1,4-biphenylenedimetbylidyne,
1,4-p-terephenylenedimethylidyne, 9,10-
antbracenediyldimethylidyne, 4,4'-bis(2,2-di-1-
butylphenylvinyl)biphenyl (heceinafter abbreviated as
(DTBPVBI)), 4,4'-bis(2,2-diphenylvinyl)biphenyl
{hereinafter abbreviated as (DPVBI), and derivatives of
these. '

Also, the compounds represented by the general formula
(R,—Q),—AL—0—L, which are described in Japanese
Patent Application Laid-open No. 258862/1993 can be used,
wherein L represents & hydrocarbon having 6-24 carbon
atoms and including a phenyl group, O-L represents a
phenolate ligand, Q represcnts a substituted §-quinclinolate
ligand, Rs represents an 8-quipolinclate cing substitutional
group selected to stereo-chemically prevent three or more
substituted 8-quinolinclate ligands from binding with an
aleminum atom.

Given as specific examples of such compounds are bis
(2-methyl-8-quinolinolate)(para-phenylphenolate) alumi-
num (IiI) (bereinafter abbreviated as (PC-7)) and bis(2-
methyl-8-quinolinolate)(1-naphtholate) aluminum (III)
(hereinafter abbreviated as (PC-17)).

In addition, Japanese Patent Application Laid-opea No.
9953/1994 discloses a method for producing mixed emitted
light of a blue color and a green color by doping in an
efficient manner. When using this method for forming the
emilting layer of the present invention, the above-mentioned
emitting material is used as a host. As a dopant, a strongly
fuorescent coloring material of a blue color to a green color,
for example, a coumarin type or fluorescent coloring mate-
rial similar to those used in the above method can be given.
Specifically, as the host, fluorescent materials mainly com-
posed of distyryl arylene, preferably, for example, DPVBi
can be given. As the dopant, diphenylaminostyry! arylene,
preferably, for example, 1,4-bis{4-N,N'-
diphenylamino}styryl}benzene (DPAVB) can be given.

As the methods for forming an emitting layer usiog the
above malerals, known methods, for example, a vapor
deposition method, a spin-coating method, a LB method, or
the like can be applied. A preferced emitting layer is espe-
cially a molecularlysedimeatary film. The molecularly sedi-
mentary film is 4 film formed by deposition of a subject
compound in a vapor phase or a film formed by solidifying
a subject compound in 2 solution or in a liguid phase, The
molecularly sedimentary film is geoerally distinguished
from a thir film (molecularly cumulative film) formed in the
LB method by differences in a coagulating structure and a
high-order structure, or by a functional difference caused by
those structures.

Also, the emitting layer can be formed in a similar manser
by a method disclosed in Japanese Patent Application Laid-
open No. 51781/1982 in which a binding agent such as a
resin and a subject compound are dissolved in & solvent to
make a solution and then a thin fitm is formed from the
solution using a spin-coating method or the like.
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The thickness of the emitting layer is preferably in a range
from 5 om to 5 um, though there are no limitations to the
thickness of the emitting layer produced in such a mapner
and the thickness of the emitting layer is optionally selected.

The emitting layer of the organic EL device has also the
following functions.

(1) Injection functions which allow positive holes to be
injected from an anode or a positive hole injecting layer
in the presence of an electric ficld and allow electrons
to be injected from a cathode or an electron injecting
layer.

(2) Transferring functions which allow the injected
charges (electrons and positive holes) 10 be transferred
by electric field force.

(3) Emitting functions which allows electrons and posi-
tive holes to be combined to emit light.

Incidentally, there may be a difference in ¢ase between the
injecting of electrons and tbe injecting of posilive holes.
Also, there maybe adifference between the Iransferability of
positive holes and that of electrons in lerms of mability.
However, it is desirable lo transfer either positive holes or
electrons.

(c) Positive hole injecting layer

Any maieria] optionally selecled from photo-conductive
materials conventionally used as a material for trapsferring
a chazge of posilive holes and from known malerials used for
& positive bole injecting layer of an organic EL device can
be used as the material for the positive hole injecting layer
provided as required. The material for the positive hele
injecling layer which has a function either as a positive hele
injecting layer or as a barrier for an electron may be either
an organic of inorganic compound.

Given as examples of these convenlional materials are
triazole derivatives (ses the specification of U.S. Pat. No.
3,112,197, ete.), oxadiazole derivatives (see the specifica-
tion of U.S, Pat, No. 3,189,447, etc.), imidazole derivatives
(fapanese Patent Publication No. 16096/1962, ete.), pol-
varylalkane derivatives (see the specifications of U.S. Pat.
No. 3,615,402, U.S. Pat. No. 3,820,989, U.S. Pat. No.
3,542,544, Japanese 1'atent Publications No. 555/1970 and
No. 10983/1976, and Japanese patent Applications laid-open
No. 93224/1976, No. 17105/1980, No. 4148/1981, No.
108667/1980, No. 156953/1980, and No. 36656/1981, etc.),
pyrazoline derivatives and pyrazolone derivatives (see the
specifications of U.S. Pat. No. 3,180,729, US. Pat. No.
4,278,746, and Japanese Palent Applications Laid-open No.
88064/1980, No, 8806571980, No. 105537/1974, No, 51086/
1980, No. 80051/1981, No. 8814171981, No. 45545/1982,
No. 112637/1979, and No. 74546/1980, etc.), phenylenedi-
amine derivatives (sce the specifications of U.S. Pat. No.
3,615,404, Japancse Patent Publications No. 10105/1976,
No.3712/1971, and No, 25336/1972, Japanese Patent Appli-
cations Laid-open No. 53435/1979, No. 110536/1979, and
No. 119925/1979, etc.), arylamine derivatives (see the speci-
fications of U.S. Pat. No. 3,567,450, U.S. Pat. No. 3,240,
597, U.S. Pat. No. 3,658,520, U.S. Pat. No, 4,232,103, U S,
Pat. No. 4,175,961, U.S. Pat. No. 4,012,376, Japanese Patent
Publications No. 357021974 and No. 27577/1964, Japanese
Patent Applications Laid-open No. 144250/1980, No.
119132/1981, and No. 22437/1981, and DRP No. 1,110,518,
etc.), amino substituted chalcone derivatives (sec the speci-
fication of U.S. Pat. No. 3,526,501, etc.), oxazole derivatives
(see the specification of US. Pat, No. 3,257,203, etc.),
styrylanthracene derivatives (see the specification of Japa-
nese Patent Application Laid-open No. 46234/1981, etc.),
fluorenone derivatives (see the specification of Japanese
Patent Application Laid-open No. 110837/1979 and stc.),
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hydrazone derivatives (see the specifications of U.S. Pat.
No. 3,717,462, Japancsc Patent AppHeations Laid-open No.
59143/1979, No. 52063/1980, No. 52064/1980, No. 46760/
1980, No. 85495/1980, No. 11350/1982, No. 148749/1682,
and No. 311591/1990, ete.), stilbens derivatives (see the
specifications of Japanese Patent Applications Laid-open
No. 210363/1986, No. 228451/1986, No. 14642/1986, No,
72255/1986, No. 47646/1987, No. 36674/1987, No. 10652/
1987, No. 30255/1987, No. 93445/1985, No. 94462/1985,
No. 1747491985, and No. 175052/1985, efc.), silazane
derivatives (sec the specification of U.S. Pat. Ne. 4,950,950,
elc.), polysilane type (sec the specification of Japanese
Patent Application Laid-open No. 204996/1990, etc),
aniline type copolymers (see the specificalion of Japanese
Patent Application Laid-open No. 282263/1990, ele.), and
electro conductive macromolecuiar oligomers (especially a
thiophene oligomer) disclosed in Fapanese Pateni Applica-
tion Laid-open No. 211399/1985.

As the materials used for the positive hole injecting layer,
the above compounds can be used. Among these, polphyrin
compounds (disclosed in Japanese Patent Application Laid-
open No, 2956965/1988) and zromatic tertiary amines and
styrylamine compounds (see the specifications U.S. Pat. No.
4,127,412, Japanese Patent Applications Laid-open No.
27033/1978, No. 5844571979, No. 149634/1979, No. 64299/
1979, No. 79450/1980, No, 144250/1980, No, 119132/1981,
No. 295558/1986, No. 98353/1986, and No. 295695/1988,
eic,) are preferable. It is especially preferable to use the
aromalic terliary amines.

Typical examples of the above porphyrin compounds are
porphin, 1,10,15,20-tetraphenyl-21H, 23H-porphin copper
(1), 1,10,15,20-letraphenyl-21H, 23H-porphin zinc {II),
5,10,15,20-tetrakis(pentafiuorophenyl)-21H, 23H-porphin,
silicon phthalocyanine oxide, aluminum phthalocyanine
chloride, phthalocyanine (non-metal), dilithjium
phthalocyanine, copper tetramethylphthalocyanine, copper
phthalocyanine, chromivm phthalocyanine, zinc
phthalocyanine, lead phthalocyanine, titanium phthalocya-
nine oxide, magonesium phthalocyanine, copper
octamethylphthalocyanine, and the like.

Typical examples of the above aromatic lertiary amine
and styrylamine compounds are N,N,N',N'-tetraphenyi-4,4'-
diaminophenyl, N,N'-diphenyl-N,N'-bis-(3-methylphenyl)-
[1,1'-biphenyl]-4,4'-diamine (hereinafter abbreviated as
“TPD"), 2,2-bis (4-di-p-tolylaminophenyl)propane, I,1-bis
(4-di-p-tolylaminopbenylcyclohexane, N,N,N',N'-tetra-p-
tolyl-4,4'-diaminophenyl, 1,1-bis(4-di-p-tolylaminophenyl)-
4-phenylcyclobexane, bis(4-dimethylamino-2-
methylphenyl)phenylmethane, bis(4-di-p-
tolylaminophenyl)phenylmethane, N,N'-diphenyl-N,N'-di
(4-methoxyphenyl)-4,4'-diaminobiphenyl, N,N,N',N'-
tetraphenyl-4,4'-diaminophenyl ether, 4,4-bis
(diphenylamino)quadziphenyl, N,N,N-tri{p-tolyl)amine,
4-(di-p-tolylamino)-4'-[ 4(di-p-tol ylamino)styryl]stilbene,
4-N,N-diphenylamino-(2-diphenylvinyl)benzene,
3-methoxy-4'-N,N-diphenylaminostylbenzene,
N-phenylcarbazele, compounds having two condensed aro-
matic rings in a molecule, for example, 4,4'-bis(N-(1-
naphthyl)-N-phenylamino)bipheny! (hereinafter abbreviated
as (NPD)) disclosed in U.S, Pat. No, 5,061,569, and com-
pounds in which three triphenylamine units are combined in
a stac-burst shape, for example, 4,4',4"-tris[N-(3-
methylphenyl)-N-phenylamino]Jtriphenylamire (hereinafter
abbreviated as (MTDATA)) disclosed in Japanese Patent
Application Laid-open No, 308688/1992, and the like.

Also, other than the above-mentioned aromatic dimethy-
lidine compounds shown as the material for the emitling
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layer, inorganic compounds such as p type Si and p type SiC
can be utilized as the material used for the positive hole
injecting layer. .

The positive hole injecting layer can be produced by
forming a thin filt of the above-mentioned compound using
a conventional method such as a vacuum deposition method,
spin-coating method, casting method, LB method, or the
like. There are no restrictions as to the thickness of the
positive hole injecting layer. However, the thickness of the
positive hole injecting layer is pencrally from 5 nm o 5 #m.
This positive hole injecting layer may be structured of one
layer made from one or more of the above materials or may
be a layer in which other positive hole injecting layers made
from compounds differing from the compound of that layer
are laminated on that layer.

(d) Electron injecting layer

The electron injecting layer provided as required may
have the function of trapsferring, 1o the emitting layer, the
electrons injected from the calbode. Optionalcompounds
selected from conventionally known compounds may be
used.

Typical examples of these compounds include nitro-
substituted fluorene derivatives; anthraquinodimethane
derivatives disclosed in Japanese Patent Applications Laid-
open No. 149259/1982, No. 55450/1983, and No. 104061/
1988; diphenylquinone derivatives, thiopyrane dioxide
decivatives, heterocyelic tetracarboxylic acid anhydrides
such as naphthaieneperillene and the like, and carbodiimides
which are all disclosed in Polymer Preprints, Japan Vol. 37,
MNo. 3 (1988) p. 681 and the like; fluorenylidenemethane
derivatives disclosed in Japanese Journal of Applied
Physics, 27, L269 (1988), Japanese Patent Applications
Laid-open No. 696657/1985, No. 143764/1986, and No.
148159/1986; anthraguinonedimethane and anthrone
derivatives disclosed in Japanese Patent Applications Laid~
open No, 225151/1986 and No. 233750/1986; oxadiazole
derivatives disclosed by the above-described Hamada et al.
at the conference of Appl. Phys; and 2 series of an electron
transfer compounds disclosed in Japanese Patent Applica-
tion Laid-open No. 194393/1984. Incidentally, though the
above electron Iransfer compounds are disclosed as the
materials used for the emilling layer in Japanese Patent
Application Laid-open No. 194393/1984, it is confirmed as
a result of the studies of the present inventors that these
compounds can be used as the materials for the electron
injecting, layer.

Also, thiazole derivatives produced by replacing an oxy-
gen atom of the above oxadiazole ring with a sulfur atom
and quinoxaline derivatives having a quinoxaline ring
known as an cleciron attracting group are given as examples
of the materials for the electron injecting layer. Further,
included as examples of the materials for the electron
injecting layer are metal complexes of 8-guinolinole,
specifically, tris(8-quinolinole) aluminum (hereinafter
abbreviated as “Alq™), tris(5,7-dibromo-8-quinolinole)
aluminum, tris(2-methyl-8-quinolinole) alumimum, tris(5-
methyl-8-quinolinole) aluminum, bis(8-quinolinole) zine
(bereinafier abbreviated as “Znq”), and metal complexes
produced by replacing the primary metals of these metal
complexes with In, Mg, Cu, Cs, Sn, Ga, or Pb.

Other than the above, metal-free or metal phthalocyanine
compounds of 8-quinolinole derivatives or compounds pro-
duced by replacing the terminal group of these compounds
with an alkyl group, sulphonic acid group, or the like. Also,
the distyryl pyrazine derivatives can be used as the materials
for the electron injecting layer. Similar to the posilive hole
injecting layer, inorganic semiconductors such as n-type-Si,
n-type-SiC, or the like may be used.
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The electron injecting layer can be produced by forming
a thin film of the above-mentioned compound using a
conventionzl method such as a vacuum deposition methed,
spio-coating metbod, casting method, LB methed, or the
like. There are no restrictions as to the thickness of the
clectron injecting layer, However, the thickness of the clec-
tron injecting layer is geperally from 5 nm to 5 pm, This
electron injecting layer may be structured of one lzyer made
from one or more of the above materials or may be a layer
in which other electron injecting layers made from com-
pounds differing from the compound of that layer are
laminated on that Iayer.

(e) Cathode

As examples of the cathode, those using, as an electrode
malerial, metals (these are called “electron injecting metal”),
alloys, electro conductive compounds, and mixtures of these
which have a low work function (less than 4 eV) are used.
Given as examples of such an ¢lectrode material are metals
such as sodium, sodium/potassium alloy, magpesium,
lithium, magpesium/copper mixtures, magnesium/silver
mixtures, magnesium/aluminum mixtures, magnesium/
indium mixtures, aluminum/aluminum oxide (ALQ,),
indium, lithium/aluminum mixtures, and rare earth metals,
and the like. Among these, prefemred examples are mixtures
of the electron injecting metal and a secondary metal which
has a high work function and is stable in consideration of
electron injecting capability and durability to oxidation as an
electrode. Specifically, magnesivm/silver mixtures,
magresium/aluminum mixtures, magnesium/indium
mixtures, alumimum/alumioum oxide (Al,04), and hithium/
aiuminum mixtures are given as the preferced examples.

A this film of each of these elecirode materials is formed
by means of vapor deposition, sputlering, or the like lo
praduce the cathode,

If the light emitting from the emitting layer is taken out of
the cathode in this manner, it is desirable that the transmil-
tance by the cathode of the emitted light be more than 10%.
In this case, the cathode cortesponds to (he trapspar¢nt
elecirode.

Here, the sheet resistance of the cathode is preferably less
than several hundreds ©/7. The thickness of the cathode is
usually from 10 pm to 1 4m, preferably from 50 nm to 200
om.

In the multi-color light emission apparatus using an
organic EL device as a emitting member, for example, one
electrode pattern line perpendicular to anotber patiemn line is
usually formed. When forming the electrade on a thin film
of an organic compound layer such as zn emitting layer or
the like using a photolithography method including wet
etching, ao crganic compound layer is caused to greatly
deteriorate so that the photography method cannot be used
in a stable manaer, Therefore, the electrode pattern is formed
through a mask having a desired shape when the electrode
(anode or cathode) materials are treated by vapor deposition
or sputtering, When the electrode is not formed on a thin film
of the organi¢ compound layer for example oo the glass
plate, the pattern of the electrode pattern may be formed by
photolithography.

() Manufacture of organic EL device (example)

Using the above exemplified malerials and methods,
anode (for example, transparent electrode), an emitting
layer, positive hole injecting layer as required, and electron
Injecting layer as required are formed and further a cathode
(for cxample, electrode) is formed in that order to manu-
facture an organic EL device. Also, an organic EL device can
be mapufactured io the reverse order. :

A mavoufacturing example of an organic EL deviee having
a structure in which an anode, a positive hole injecting layer,

=
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a emitting layer, an electron injecting layer, and a cathode
arc provided in that order on a support substrate is illustrated
below.

First, a thin film of a thickness of less than 1 pm,
preferably from 10 te 200 nm is formed of an anode material
by vapor deposition, sputtering, or the like to form an anode.
Next, a positive hole injecting layer is fonned on the anode.
Pormation of the positive holé injecling layer can be carried
out, as mentioned above, by meaps of vacuum deposition,
spin-coating, casting, LB, or the like. Among these means,
vacuumn deposition is preferable to form 2 homogeneous film
with casc and fo prevent occurrence of pin holes. When

. forming the positive hole injecting layer by means of
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vacuum deposition, the depositing conditions differ depend-
ing on the sort of compound (material for the positive hole
injecting layer) to be used, the crystalline structure and the
recombination structure of the object posilive hole injecting

layer, aod the like. However, it is generally preferable to -

appropriately select the depositing conditions from a depos-
iting source (emperalure ranging from 50 to 450° C,, a
vacuum ranging from 10°7 1o 1072 torr, 2 depositing speed
ranging from 0.01 to 50 nm/sec, a subslrate temperature
ranging from -50 to 300° C., and a film thickness ranging
from 5§ om to 5§ um.

Next, an emitting layer is formed on the positive hole
injectiug layer using a desired organic emiiting material.
Formation of the emitting layer can.be carried out by
providing a thin film of the organic emitting material by
means of vacuum deposition, sputtering, spin-coating, and
casting, Among these means, vacuum deposition is prefer-
able to form & homogeneous film with ease and to prevent
occurrence of pin holes, When forming the emitting layer by
means of vacuum deposition, the depositing conditions
differ -depending on the sort of compound to be used.
Generally, the deposiling conditions can be selected from
almost the same condition ranges as in the formation of the
posilive hole injecting layer.

Next, an electron injecting layer is formed on  the emuung
iayer. It is preferable 1o form the electron injecting layer by
vacuum deposition 10 produce a homogeneous film in the
same way as in the formation of the positive hole injecting
layer or the emitting layer: The depositing conditions can be
selected from almost the same condition ranges as'in the
formation of the positive hole injecting layer or the emitting
layer.

Finally, a-cathode is laminated on the electron mjecllug
layer to produce an orpanic EL element.

The cathode is formed of a metal so that vapor deposition
or sputtering ¢an be used. However, vacuum depositicn is

. preferably used Lo protect the backing organic material from

damage in forming a film.
. When the organic EL device are produced in the above-
mentioued processes, it is preferable that the steps from the
step of forming the anode to the step of forming the cathode
are thoroughly processed in one evacuating operation.
Incidentally, in the case where a d.c. voltage is applied to
the organic EL device, when applying 540 volts, allowing
the anode and the cathode to be provided with the positive
(+) polarity and the negative (=} polarity respectively, hmi-
nanee can be detected. When both the anode and the cathade
are inversely polarized, current never flows and luminance
is not detected. Further, if an a.c. voltage is applied, lumi-
nance can be detected only at the time when the anode and
the cathode are-respectively polatized to the (+) polarity and
the (-) polarity. The wave form of the ac. current to be
applied is optional.
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2. Support Substrate’

Materials which are not composed of an organic com-
pound are preferable as the materials for the support sub-
strate used in the present invention. Tramsparency is not
required for the materials of the support substrate. Materials
which are shiclded from light are rather preferable to output
light from the fluorescent layer. It is desirable that at least the
surface of the support substrate facing the organic EL device
be composed of an insulating material, There are no Jimi-
tations to the thickness of the support substrate to the extent
that it can reinforce a thin transparent glass plate to be
laminated subsequently without camber and distortion.

Typically, for example, a ceramic plate, metal plates
wihich are processed by insulaling treatment using inotganic
oxides such as silica, alumina, or the like can be used as the
materjals for the support substrate. In the case of using
transparent materials such as glass plates (soda lime glass,
heat resistance glass, and the like), quartz glass plates, or the
like, the sueface opposite to the organic EL device may be
provided wilh a light-shielding flm, refiecting plate with a
black film, or the like.

3. Fluorescent Layer

The fluerescent layer used in the present invention is
composed of, for example, a fluorescent coloring material
and a resin or of an independent fluorescent coloring mate-
rial. The fuorescent layer composed of the fluorescent
coloring material and the resin are, for example, a solid type
produced by dissolving or dispersing the fluorescent color-
ing material in the binder resin.

Specific examples of types of coloring material will be
explaiped. First given as examples of the coloring material
converting ultraviolet or violet emission of the organic EL
device to blue emission are stilbene type coloring materials
such as 1,4-bis(2-methy] styryl) benzene (hereinafter abbre-
viated as (Bis-MSB)) and trans-4.4'-diphenyl stiibene
(bereinafter abbreviated as (DPS)) and coumarin type col-
oring materials such as 7-hydroxy-4-methyl coumarin
(hercinafter abbreviated as (coumarip 4)).

Given as examples of the coloring material cooverting
blue or blue-green emission of the organic EL device to
green emission are a coumarin type coloring material such
as 2,3,5,6-1H, 4H-tetrahydro-8-trifivoromethylquinolizino
(9,9a,1-gh)coumarin (hereinafter abbreviated as (coumarin
153)), 3-(2'-benzothiazolyl)-7-diethylaminocoumarin
(hercinafler abbreviated as (coumarin 6)), and 3-(2'-
benzimidazolyl)-7-N,N'-disthylaminocoumarin (hereinafter
abbreviated as (coumarin 7)), other coumarin coloring mate-
rial type dyes such as basic yellow 51, and naphthalimide
type coloring materials such as solvent yellow 11 and
solvent yellow 116.

Given as examples of the coloring material converting
blue-green emission of the organic EL device to orange-red
emission are cyanine type coloring materials such as
4-dicyanomethylene- 2-methyl-6-(p-dimethylaminostyryl)-
4-R-pyran (hereinafier abbreviated as (DCM)), pyridine
type coloring materials such as 1-ethyl-2-(4-(p-
dimethylaminophenyl)-1,3-butadienyl)-pyridinium-
perchlorate (hereinafter abbreviated as (pyridine 1)),
riodamine type coloring materials such as rhodamine B and
rhodamine 6G, and oxazine type coloring materials.

Further, various dyes (direct dye, acidic dye, basic dye,
disperse dye) can be used provided that they exhibit fluc-
rescence. Also, pigmental materials in which the above
fuorescent coloring material is kneaded in advance in a
pigmental resin such as polymethacrylate ester, polyvinyl
chloride, vinyl chloride-vinyl acetate copolymer, alkyd
resin, aromatic sulpbonamide resin, urea resin, melamine
resin, benzoguanamine resin, or the ke may be used.
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In addition, these types of finorescent coloring materals
and pigments may bs, as required, used either independently
or in combination. The conversion rate of the fluorescent
coloring material to red coler is low. By mixing the above
pigments, the rate of conversion from light emission to
fluorescent ¢mission can be increased.

On the other hand, as the binder resin, trapsparent mate-
rials (transmittance of visible rays: more than 50%) are
preferable. Given as examples of such transparent materials
are transparent resins (polymer) such as polymethyl
methacrylate, polyacrylate, polycarbonate, polyvinyl
alcohol, polyvinyl pyrrolidone, hydroxyethy! cellulose, and
carboxymethyl cellulose.

Incidentally, photosensilive resins which can be used in
photolithography are also selecled to separately dispose the
fluorescent layets oo the same plane, For example, photo-
curable resists having a reactive vinyl group such as an
acrylate type, methacrylate type, vinyl polycinnamate type,
and cyclic rubber type are given as examples of the photo-
sensitive resins, When using a printing method, printing inks
(medivm) using a transparent resin are selected. Given as
examples of these transparent resios are a polyvinyl chloride
resin, melamine resin, phenol resin, atkyd resin, epoxy resin,
polyurethane resin, polyester resin, maleic acid resin,
monomers, oligomers, and polymers of a polyamide resin,
polymethylmethacrylate, polyacrylate, polycarbonate, poly-
vinyl alcohol, polyvinyl pyrrolidone, hydroxyethyl
cellulose, and carboxymethyl cellulose. .

The Auorescent layers are commonly mamufactured by the
following processes. The fluorescent layers mainly com-
posed of flucrescent coloring materials are manufactured by
forming a film using a vacuum deposition method or a
sputtering method through a mask on which a desired
pattern is formed for the fluorescent layers. On the other
hand, the fluorescent layers composed of Auorescent color-
ing materials and a resin are manufactured by mixing
fluorescent coloring materials, a resin, and a resist, dispers-
ing or solubilizing to allow the mixture to be liquefied,
forming a film using a spin-coating metkod, roll-coating
method, or casting method, and patierning with a desired
pattern for the fluorescent layers using a phetolithogcaphic
method or a screen printing method.

There are no limitations to the thickness of the fiuoresceat
layers to the extent that the emission of the organic EL
elements is sufficiently absorbed and the function of emit-
ting fiuorescent light is not impaired. The thickness of the
fluorescent layers is in a range of from 10 nm o 1 mm
approximately.

For the fluorescent layer composed, especially, of fluo-
rescen! coloring malerials and a binder resin, the concen-
tration of the fluorescent coloring material may be in such a
range as that the emission of the organic EL device can be
absorbed efficiently without concentralion quenching of
fluorescence, The concentration of the fiuorescent coloring
material is in a range of from 1 to 10** mol/kg approxi-
mately to lhe binder resin to be used, though this depends on
the type of the fluorescent celoring material.

Inaddition, because the luorescence conversion efficiency,
especially, to a red color is low, fluorescent layers of a green
color and a red color may be laminated to improve the
efficiency.

4. Transpatent Inorganic Oxide Substrate

As gxamples of the (ransparent inorganic exide substrate
used in the present invention, a substralc composed of a
transparent and electrically insulating inorganic oxide layer
as shown in the second invention is given. However, the
substrate is not necessarily formed of an electrically insu-
laling material.
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Such an inorganic oxide substrate has a bigh efficiency in
shiclding, especially, aqueous vapor, oxygen, organic com-
pound gas, and the like.

It is desirable that the plate thickness bt as small as
possible to improve the characteristics in the angle of view,
when the fluorescent layers which absorb the light emission
from the organic EL device and emit different fluorescent
cmission are scpatately disposed on the same plane to emit
mulli-color light such as the three primary colors (RGB).

Usually, inorganic oxide substrates with a thickness of
from 700 um to 1.1 mm are often used for a liquid crystal.
However, in the present case, an inorganic oxide substrate
with a thickness of from 1 gm to 700 gam, and preferably
from 1 pm to 200 #m is used.

If the thickness of the inorganic oxide substrate is not
greater than 1 ym, it is difficult to handle the inorganic oxide
substrate which lends to be broken. Also, when such inor-
ganic oxide substrate is applied to the support substrate on
which the orgarnic EL devices are laminated, using a sealing
means, the inorganic oxide substrate is bent, showing
remarkable cambet or distortion. On the other hand, if’ the
thickness exceeds 200 sam, there is the casc where (he light
cmitted from the organic EL device leaks from gaps between
the inorganic oxide substrale and the fluorescent layer,
which causes a narrow angle of view for multi-color light

25

emission, thereby reducing practicability, though this

depends on the fineness of the fluorescent Jayer.
5. Sealing Meaos . .

There are no limitations as {6 the sealing meags used in
the present invention. Materials, for example, composed of
an ordinary adhesive may be used as the scaling means,

Specifically, given as examples of the adhesive are pho-
tocurable or heatcurable adhesives having a reactive vinyl
group of an acrylate type oligomer and methacrylate type
oligomer; and moisture~-curable adhesives such as
2-cyanoacrylate and the like. In addition, heat and chemical
curable type adhesives (two-liquid mixing type) can be used,
Also, hotmelt type polyamide, polyester, and polyolefin are
given as examples of the adhesive. Adhesives capable of
adhering and curing at from room temperature to 80° C. are
preferable because there is the case where the organic EL
device deteriorates from heat treatment.

Application of the adhesive to a sealing portion may be
carried out using a dispenser or by printing such as screen
printing.

There is no problem in curing after the application in the
case of using visible light. However, there is the case where
the organic EL device deteriorates when UV light is used
and hence a method in which the organic EL device is never
irradiated with UV light such as by masking or the like is
effective.

6. Gap

In the prescnt invention, the gap provided between the
transparent inorganic oxide substrate and the organic EL
device is used to absorb impact or stress on the organic EL
device, If a material used for a scaling means is directly
applied to the organic EL device, the organic EL device
tends to be broken by the stress produced when the material
is cured,

Ft is desirable that inert gas such as nitrogen, argon, or the
like, or an inactive liquid such as hydrocarbon fluoride or the
like be sealed into the gap, because the organic EL device are
liable 1o be oxidized by air if only air is present in the gap.

If the width of the gap is large in the case of using very
fine multi-color light emission, light leakage increases and
hence the angle of view is greatly reduced. Therefore, the
width of the gap should be preferably small, specifically
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from several um to 200 um in general, though this depends
on the fineness of the multi-color light emission.

7. Protective Layer of the Fluorescent Layers (transparent
flat film)

A protective layer of the fluorescent layers (transparent
fiat film) used as required in the preseot invention is used so
that the flucrescent layer and color filter (including a black
malrix) located at the outside of the multi-color light emis-
sion apparatus arc protected from physical damage and
deterinration from externally environmental factors such as
walter, OXYEeD, light, and the like. The protective layer is
preferably composed of a transparent material with a visible
light transmiltance of 50% or more,

Specifically, as examples of the material for the protective
layer, compounds having a reactive vinyl group of an
acrylate type or methacrylate type such as a photocurable
resin and/or heat-curable resin can be given.

Also, given as examples of the material for the protective
layer are transparent materials such as a melamine resin,
phenol resin, alkyd resin, epoxy resin, polyurethane resin,
polyester resin, maleic acid resin, monomer, polymer, or
oligomer of a polyamide resin, polymethyl methacrylate,
polyacrylate, polycarbonate, polyvinyl alcohol, polyvinyl
pyrrolidone, hydroxyethyl cellulose, and the like.

A UV ray absorber rnay be added to the protective layer
to improve the light resistance of the flucrescent layer.

The protective layer is prepared by forming a film of the
above material by spin-coating, roll coating, casting, or the
like when the material is liquid. If the material is 2 photo-
curable resin, the film is irradiated with UV rays and is
heat-cured as required, whereas if the material is a heal-
curable resin, the film is heat-cured as is after the film is
formed. On the other hand, when the material is shaped as
a film, the material may be applied to the flzorescent layer
using an adhesive.

* There are no limitalions as to the thickness of the pro-
lective layer since it has no influence on the angle of view.
However, when the thickness is too great, it has some
influence on the light transmittance, so that the thickness is
preferably in a range from lum to 5 mm.

8. Transparent Substrate

Given as examples of the material used for a trapsparent
substrate are transparent glass substrates (ordinary visual
light transmittance of 50% or more) including inorganic
oxide substrates composed of such materials as soda lime
glass, heat resistance glass, quartz plate, and the like, and
polymer substrates.

Because the thickness of the transparent substrate has no
influence on the angle of view, there are no limitations as to
the thickness, However, when the thickness is too great, jt
has some influeace on the light transmittance, so that the
thickness is preferably i a range from 1 #m to 5 mm.

This transparent substrate is used for protecting the fluo-
rescent layer, The transparent substrate is also used for a
support substrate in the step of forming 2 film of the
fluorescent layer. Specifically, the above-mentioned inor-
ganic oxide substrate is applied to the transparent substrate
using ac ordinary transparent adhesive used such for the
sealing means, after the formation of the film of the fluo-
rescent layer. The resulting subsirate may be then combined
with the support substrate on which the organic EL device is
laminated to seal the organic EL device.

9. Color Filter and Black Matrix

A color filter and black matrix used as required in the
present invention are formed, for example, by performing
desired patterning on desired positions of a material selected
from known materials, by photolithography or printing.
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10. Action of the Present Invention

In the present invention, the fluorescent layer is disposed
in the position opposite to the erganic BL device through the
inorganic oxide substrate so that gaseous substances such as
organic monomers, aqueous vapor, and the like which cause
the device to deteriorate are cut by the inorgenic substrate,
whereby the life of the organic EL device and hence the life
of the multi-color light emission apparatus using the organic
EL device can be improved,

Generally, fluorescent layers which cach absorb light of
one color emitted from the organic EL device are separately
disposed on the same plane to obtain light emission of a
plurality of colors such as RGB primary colors or the like.
‘The present invention uscs the transparent inorganic oxide
substrate which is disposed on the fluorescent layer facing
the organic EL device whereby the above-mentioned effects
are expected, Also, the plate thickness of the transparent
inorganic substrate is in a range of from 1 ym to 200 pm in
the present invention, whersby not only are the above-
mentioned effects obtained, but also the absorption of the
light ¢milted from the erganic EL device to a fluorescent
layer other than the desired fluorescent layer and light
leakage from the gap between the Anorescent layer and the
organic EL device decreasc and henee light of a desired
color can be produced, ¢nsuring improverment in the char-
acleristics in the angle of view for multi-color light emis-
sion,

Here, the Auorescent layer is used instead of a color filter
because compared with the case of using the color filter
highly cfiicient multi-color light emission can be expected as
mentioned above.

When a fluorescent layer is disposed on the outside of a
multi-color light emission apparatus, there arc cases where
the Buorescent layer is damaged by handling and deterio-
rates from external eovironmental factors such as water,
oxygen, light, and the like. In this invention, however, the
protective layer of the flucrescent layers is disposed on the
fiuorescent layer, thereby protecting the fluorescent layer.
Also, the transparent substrate is used for protecting the
fluorescent Iayer or for a support substrate in the siep of
forming the fluorescent layer.

[1. Muiti-color Light Emission Apparatus (second
invention) and Process for Manufacturing Thereof
(third invention)

The second invention of the present application, desig-
nated as apparatus 20, has, specifically, a structure selected
from the structures (1) to (4) describe below from the above
points of view. These structures (1) to (4) are shown in FIGS.
9-12. Incidentally, a fluorescent layer may convert the light
emitted from the organic EL device into light of a wave
length longer than that of the light emitted from the organic
EL device. The converted color is not limited to the follow-
ing red or green color,

(1) Transparent support substrate 11/Aucrescent layer 3R
for converting into red color (hereinafter called “red
color conversion fuorescent layer”), fluorescent layer
3G for converting into green color (hereinafter called
“green color conversion fiuorescent layer”)/transparent
aond electrically insulating inorganic oxide layer
12/organic EL device 1 (transparent electrode
laforganic compound layer Ib/electrode 1c);

(2) Transparent support substrate 11/red color conversion
fluorescent Jayer 3R, green color conversion fluores-
cent layer 3G/adhesive layer 13/transpareat and elec-
trically insulating incrganic oxide layer 12/organic EL
device 1 (transparent electrode la/organic compound
layer 1b/electrode 1c);
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(3) Transparent support substrate 11/red color conversion
fluoreseent layer 3R, green color conversion fluores-
cent layer 3G/protective layer of the fluorescent layers
(transparent flat film) 7/adhesive layer 13/transpareat
and electrically insulaling inorganic oxide layer
12/organic EL device 1 (transparent electrode
lz/organic compound layer 1bfelectrode Xc); and

(4) Transparent support substrate 11/red color conversion
fluorescent layer 3R, green color conversien fluores-
cent layer 3G/protective layer of the fluorescent layers
(transparcnt flat film) 7/transparent and electrically
insulating inorganic oxide fayer 12/organic EL device 1
(transparent electrode lajerganic compound layer
Ibjelectrode 1c).

Aced color filter and a preen color filter may be assembled
between the red color conversion fAuorescent layer 3R and
the transparent substrate, and between the green color con-
version fluorescent layer 3G and the transparent substrale
respectively, thereby adjusting colors of light of a red color
and of a green color to improve these color purties,

A blue color filter 14 may be disposed in parallel and
between the red color conversion Auorescent layer 3R and
the green color conversion fluorescent layer 3G, thereby
adjusting the colors of light emitted from the organic EL
device to improve the color parities.

Also, as shown in FIG. 13, a black matrix 95 may be
disposed at least in a space between the fluorescent layers 3R
and 3G, and/or the coler filter 14 o cut leakage of light
emitted from the organic EL device 1 and thereby to improve
the visibility of multi-color light emission.

Further, as shown in FIG. 14, the transparent and electr-
cally insulating inorganic oxide layer 12 may be composed
of two layers, an upper inorganic oxide layer and a lower
inorganic oxide layer so that elution of inorganic ions from
the lower inorganic oxide layer (for example, sode-lime
glass) is restrained by the upper inorganic oxide layer lo
protect the organic EL device from the eluted iops.

The thickness of the transparent and electrically insulating
inorganic oxide layer 12 is defined in a range of from 0.01
4o to 200 xm. If the thickoess of the transparent and
electrically insulaling inorganic oxide layer is not larger than
0.01 gam, it is near thal of a monolayer of an inorganic oxide
particle and hence deteriorative gas generated from organic
compounds of ihe lower fluorescent layer, protective layer,
and the like mever cut.

Gn the other hand, if the thickness of the transparent and
electrically insulating layer exceeds 200 um, the light emit-
ted from the organic EL device leaks from the gap between
the inorganic oxide layer and the fluorescent layers 3R, 3G
so that the angle of view for multi-color light emission
narrows, leading 1o a reduction in practicability, although
this depends on the fineness of the fluorescent layers 3R and
3G.

The multi-color light emission apparatus of the second
invention and the process of the third invention for manu-
facturing same in the present application are now illustrated
for every structural element in detail. Materials used for the
structural elements are not limited to the essential materials
illustrated in the following descriptions. Also, details com-
mon with those in the first invention are omitted as far as
possible to avoid redundancies.

1. Organic EL Device

The organic EL device of this invention is similar to that
used in the frst invention.

(a) Ancde

Materials similar to those used in the first invention cae be
used as the materals for the anode.
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(b} Emitting layer

Malerials similar to those used in the first invention can be
used as the malerials for an emitiing layer.

(c) Pasitive hole injecting layer

Maierials to those used in the first invention can be used
as fhe malerials for a positive hole injecting layer.

(d) Blectron Injecting Layer

Materials similar to those used in the first invention can be
used as the materials for an electron injecting layer.

(e) Cathode

Materials similar to those used in the first invention can be
used as the materials for a cathode.

(fy Manufacture of Organic EL Device(example)

The organic EL device used in this invention can be
manufaciured in the same manner as in the first invention.
2. Trapsparent Support Substrate .

A transparent supporl substrate used in the present inven-
tion is preferably a transparent material (visible light trans-
mittance of 50% or more) such as, for example, a glass plate,
plastic plate (polycarbonate, acryl, or the like), plastic film
(polyethyiene terephthalate, polyether sulfide, or the like),
quartz plate, or the like. There are no Hmitations as to the
thickness of the support substrate to the extent that il can
reinforce 2 thin transparent glass plate to be laminated
subsequently wilbout camber and distortion.

3, Fluorescent Layer

Materials similar to those used in the first invention can be
used as the materials for a Auorescent layer,

4, Transparent and Electrically Insulating Inorganic Oxide
Layer

A transparent and electrically insulating {norganic oxide
layer used in the present invention can be formed by
laminatiog it on the fluorescent layer, or a protective layer of
the fluorescent layers or transparent adhesive layer, such as
described below, for example, by vapor deposition,
sputtering, dipping, spin-coating, roll-coating, casting,
anodic oxidation of metal film, or the like.

The transparent and electrically ipsulating inorganic
oxide layer may be formed of either one layer or two layers.
With the twa layer structure composed of an upper inorganic
oxide layer and & lower inorganic oxide layer, elution of
inorganic ions from the lower inorpanic oxide layer (for
example, soda-lime glass) is restrained by the upper inor-
ganic oxide layer to protect the organic EL device from the
eluted ions,

Examples of the materials used for the transparent and
electricaily insulating inorganic oxide Jayer include silicon
oxide (Si0,), aluminem oxide (AlO,), litapium oxide
(T0,), yitrium oxide (Y,0,), germanivm oxide (GeQ,),
zine oxide (Zn0), magnesium oxide (MgO), calcium oxide
(Ca0), boron oxide (B,05), strontium oxide (SrO), barium
oxide {Ba0), lead oxide (PbO), zirconinm oxide (ZrO,),
sodium oxide (Na,0), lithium oxide (Li,0), potassium
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be applied to the fluorescent layer or the protective layer can
be performed so that these layers never cnlirely deteriorate.
Also, the glass plate can especially cut out agueous vapor,
oxygen, delerjorating gases such as monomer gas and the
like in an cfficient mapner.

Compositions of the glass plate arc cxemplified ir Tabies
1 and 2. Among these, lypical examples are sodalime glass,
barium-strontium containing-glass, lead glass, aluminosili-
cate glass, borosilicale glass, barium borosilicate glass, and
the like. Here, the electrically insulating inorganic oxide
layer may have a composition containing mainly an inor-
ganic oxide and may conlain a nitride (for example, Si;N,)
or fluoride (for example, CaF,) It is preferable that the
thickness of the clectrically insulating inorganic oxide layer
be from 0.01 um to 200 gm, though there are no limitations
as to the thickness 1o the extent that it acts as an obstacle to
the light emission of the organic EL device. The glass plate
or the glass plate product made by forming a film of one or
more compounds selecled from a group consisting of silicon
oxide, aluminum oxide, titanium oxide, and the like on at
least one of the surface or back face of a transparent and
insulating glass plate has preferably a thickness of from 1
#m to 200 gm in consideration of the accuracy and strength
of a plate glass.

The reason that inorganic oxide compounds including the
glass plate are desired is specifically because electro con-
duclive and transparent inorganic materials such as ITO
(indium tin oxides), which are often used, can be adopted as
a transparent electrade (anode) of the organic EL device and
also because these have excellent mutval affinity and adhe-
sion.

Here, aquepus vapor, oxygen, and gas from organic
compounds such as monomers and the Iike exhibil the
problem of a reduction in the light emission life of the
organic BL device, Therefore, it is necessary for the trans-
parent and electrically insulating inorganic oxide layer to
possess characleristics that do not cause generation of ague-
ous vapor, oxygen, and gases of organic compounds such as
monomers and the like and wherein the external intrusion of
these harmful compounds can be prevented.

Specifically, the waler content of the inorganic oxide layer
is measured by thermal analysis (DTA (Differential Thenmal
Analysis) and DSC (Diffecential Scapaing Calorimeter)).
Also, the gas permcability of the inorganic oxide layer for
agueous vapor and for oxygen is measured according to a
test methad for permeability of JIS K7126 and the like, If,
especially, the waler content is 0.1% by weight or less and
the gas permeability is 107*? cecm/cm’scmHg or less,
reduction in the lght emission life of the organic EL deviee,
indicated by gencration of dark spols can be prevented,

TABLE 1

oxide (K,0), and the like. Among these, silicon oxide,
aluminum oxide, and titanjum oxide are preferable, since the
transparency of the layer (film) thereof is high and the film
formation temperature is comparatively low (250° C. or
less), hence the fluorescent layer or the protective layer
deteriorates little.

Also, as the transpareni and ejectrically insulating inor-
ganic oxide layer, it is more preferable to use a glass plate
or a glass plate product made by forming a film of one or
more compounds selected from a group consisting of silicon
oxide, aluminum oxide, titanium oxide, and the like on at
least one of the surface or back face of a transparent and
insulating glass plate. A low temperature (150° C. or less)
operation aliowing this glass plate or glass plate product to

Ter B

Glass camposition type

1 R;0—R0-—SI0,
Na;O—~CaO/MgQ—-8i0, (soda-lime glass)
Na O/K,0—Ba0/S10—Si0;
Na,0/K;0—Ca0/Zn0—Si0;

2 R,0—PbO-—510,
K,0MNa,0—Fh0—Si0; (lead glass)

3 R,0—E.0,—Si0,
Na,0—3 0,510, (borosilicate glass)
K,0—B,0,—5i0,

) RIO—8,0,—Si0,
PbO—E 0,—Si0,
PhO/Zn0O—B ,0y—5i0,
PhO—B,0,~Si0; + filler
ZnO—B 0—8i0,

kH

2T SO
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TABLE 1-continued

Gloss composition type

5 R'O—AL,0,—Si0,
Ca0/MgO—ALLCy—Si0, (rluminosilicate
glass)
MgC—AL,0,—Si0,
PbO/Ze0—ALO,—Si0,

6) Ry 0—AL0,—Si0;
Li,0—ALO,—Si0,
Ni,0—Al,0,—$i0,

b)) RO—Ti0,—Si0,
BaO—Ti0,—Si0;

8) R,0—Z10,—Si0,
Na0/Li, OmmZr0—SiO,

9) R'O—B,0,—Si0,
CaO—P,0,—Si0,

10) RO—SI0,
Ca0rBa0/PbO—Si0,

11) 510,

12) R,0—R'0—B,0,
1{,0—BeO—B,0,

13} R'0--R*,0,—B,0,

CaOfBaO—ALO,—B,0,
CaG/PhO—Lu,0y—B,0,

14) R,0—AlLO,—P,0;
K,0—ALO,—P,0,

15) R'O—AL,O,—P,0,
BaO/Ca0—AlLOy~P,05

ZaO—4l,05—P;0¢

R: monovalest clement,
R": bivalent elament,
R": trivalent clement

TABLE 2

Composition

Classification (shown a5  unary systcm-ternary systsm

1 Simple oxide SI0,, B,Oy, GeOyy A5;05
2 Silicate Li;0—5i0;, Na,0—S8i0,, K,0--5i0,
. MpgO—5i0,, Ca0—S5i0,, BaO—SI0,,

PRO—SIO,

Na,0-Cn0—5i0,

AlLO,-8i0,
3 Borate Li;0—B,0;, Na,0—B.0,, K,0—B,0,
Mg0—B,0,, Ca0—B,0,, PbO—B,0,
N2,0—Co0O—8,0,, ZnC--PbQ—B,0,
ALO,—B,0,, Si0,—B,0;
Li,0—P.0y, Na,O—P,0;
MgO—P,0,, Ca0—P,0,, Ba0O—P,0,
K,0--Ba0— 9,0,
Al,05—P,04, $5102—P,0s, ByO;—P,0,
V305—F,05, Fe,04—F,05, WO,—P,0g
Li;0—Ge 0, N8,0—Ge0,, K,0—Ge0,
B,0,—0c0Q,, 5i0;—0:0,

4 Phosphate

5 Germanote glasa

6 Tungstate N8,0—W0;, K,0—WO,
7 Molybdate Na,0—Mo0,, K,0--Mo0,, L,0—Mo0,
8 Tellurate N&,0—TeO;

9 Borosilicate Na,0—B8,0,—8i0,
10 Aluminosilicate ‘N2, 0—ALQ,—5i0,, Ca0—ALD,—8i0,
11 Alumingbarate C20—AlL,0,—B,0,, ZuC—Al,C,—B,0,
12 Alumincborosilicate NuO—AlOy—B.0y—Si0,
13 Fluoride BeF,, NaF—BeF,

ZtF ~BaFy—TbF,, GdFy—BaF—ZiF,
14 Phosphorus fluoride  Al(POy),—AIR, —NaF-—CaF,
15 Oxyhelogenide Ag0—Agl—P,05
16 Oxyultride MgO—ALO—AIN—SIO,

5, Protective Layer of the Fluorescent Layers (transparent
fiat film)

Materials similar to those of the first invention may be
used as a protective layer of the fluorescent layers
(transparent flat film).

However, the thickuness of the protective layer in the
second invention ‘is preferably from 0.5 ym to 100 um
approximately. It is desirable that the thickness of the
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protective layer be as small as possible lo reduce light
leakage from the gap between the fluorescent layer and the
organic EL device with respect to the light emitted from the
organic EL device. However, if the film thickness is too
small, no effect of protecting the fluorescent layer can be
obtained, depending on the type of adhesive.

6. Transparent Adhesive Layer

It is desirable that a transparent adhesive layer, which is
used as required in the present invention, be used in the case
of adopting the substrate produced by forming the fluores-
cenl layer (including a color filter, black matrix, and pro-
tective layer as required) on the transparent support substrate
and also, especially, in the case of adopting a glass plate as
the inorganic oxide layer. A material which is transparent
(visible transmittance of 50% or more), at least in the portion
where the light emitted from the organic EL device is
transmitted is preferable as the material used for the teans-
parent adhesive layer.

Specifically given as examples of the adhesive are pho-
tocurable or heat-curable adhesives having a reactive vinyl
group of an acrylic acid type oligomer and methacrylic acid
type oligomer; and moisture-curable adbesives such as
2-cyanoacrylate and the like. Also, heat-curable and
chemical-curable type (two liquid mixture type) adhesives
such as an epoxy or the like can be used.

An adhesive having a low viscosity (about 100 cp or less)
ensures that there is no formation of air bubbles when it is
applied and hence uniform application is ailowable.
However, the low viscosity adhesive dissolves and crodes
the fluorescent layer depending on the condilions so that it
is necessary to laminate the above prolective layer on the
fluorescent layer. An adhesive having a bigh viscosity (about
100 cp or more) is scarcely dissolved, and erodes the
fluorescent layer so that thiere is the case where the protec-
tive layer of the fluoresceat layers is not fequired. On the
contrary, this causes forraation of air bubbles, hence uniform
application ¢an be achieved only with difficulty, The neces-
sity of providing the prolective layer of the fluorescent
layers may be determined a2ccording to the characteristics of
the adhesive.

The adhesive is applied on a substrate, on which the
flucrescent layer (including a color filter, black matrix, and
protective layer as required) is formed to form a film by
spin-coating, roll coating, casting, or the like. Then, a glass
plale, on which the transparent electrode has been formed or
is 1o be formed, or & glass plate product made by forming a
film of one or mote compounds selected from a group
consisting of silicon oxide, aluminum oxide, titanium oxide, .
and the like on at leas! one of the surface or back face of a
transparent, insulating glass plate is applied o the substrate
through the adhesive film by means of light (UV rays), heat
(up'to 150° C.), chemical mixing, or the like according to the
specification of the adhesive.

It is preferable that the thickness of the adhesive layer be
in the order of 0.1 pm.to 200 sm. It is desirable that the
thickness of the protective layer be as small as possible to
reduce light leakage from the gap between the fluorescent
layer and the organic EL device with respect to the light
emitled from the organic EL device, thereby improving the
characteristics of the angle of view . However, if the film
thickness is loo small, there is the case where uvniform
application can be attained only with difficulty due to
unevenness between the fluorescent layers.

7. Color Filter and Black Matrix

A color filter and a black matrix used as required in the
present invention are formed, for example, by appropriately
patterning desired positions of a material selected from
known materials by photolithography or printing.
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8. Action of the Present Invention

In the present invention with the above structure, the
inorganic oxide layer with a thickness of from 0.01 to 200
Hm cuts out aqueous vapor, 0Xygen, or gaseous substances
such as organic monomers, which are considered to adhere
1o or to be contained originally in small- amounts in organic
compounds forming the lower fluorescent layer or the pro-
tective layer of the fiuorescent layers or which are consid-
cred to be generated by the fluorescent layer or the protective
layer by heat when the orpanic EL device cmils light. Hence,
the causes of deterioration of the organic EL device can be
reduced. Especially in the case of using a glass plate as the
inorganic oxide layer, such deteriorative gaseous substances
can be prevented to a high degree, resulting in improvement
in storage stability and in the light emission life of the
multi-color light emission apparatus.

Also, the film thickness of the inorganic oxide layer is 200
m or less in the present invention, so that undesirable light
emission caused by absorplion of the light emitled from the
organic EL.device by a fluorescent layer other than the
desired fiuorescent layer and light leakage from the gap
between the fluorescent layer and the organic EL device
decrease, hence light of a desired color could be produced,
resulting i improvement in the characteristics of the angle
of view for multi-color light emission.

Also, the inorpanic oxide layer and he transparent elec-
trode (usually composed of ITO (indium or tin oxide)
provide a higher quality adhesion than those composed of
organic compounds, thereby facilitating the patterning
(usually by photolithography) of the transparent electrode.

Also, in the present invention, the transpareni adhesive
layer is placed on the boundary of the inorganic oxide layer
on the side of the fluorescent layer. Especially in the case
where the inorganic oxide layer located at the boundary of
the transparent electrode of the organic EL device on the side
of the fluorescent layer is composed of a plass plate,
adhesion between the organic EL device and the fluorescent
layer is enhanced and the orgenic EL device and the fluo-
rescent layer are integrated. Further, when the transparent
protective layer of the fluorescent layers is arranged between
the adhesive layer and the fluorescent layer, the fluorescent
layer is protected from being dissolved and eroded by the
adhesive layer. The protective layer ensures that the uneven
film thickness of the fluorescent layers to be separately
disposed on the same plane is moderated, the deformation of
the inorganic oxide layer on the Auorescent layer is reduced,
and defeets such as cracking and the like in' the inorganic
oxide layer or the transparent electrode decrease.

If a thin glass plate with a thickness of (rom 1 pm to 200
um is used as the inorganic oxide layer, it is difficult to form
an organic clectroluminescent device directly on the glass
plate in a stable manner since the thin film-glass plate which
is physically fragile -tends to be cambered and disforted.
However, in the process of the present inveation, this thin
glass plale is combined with the transparent support sub-
sirate on which the fluorescent layer and the protective layer
of the fluorescent iayers are laminated via the adbesive layer.
Also, the organic elzctroluminescence devices are laminated
in order, so that the multi-color light emission apparatus can
be produced in a stable manner.

EXAMPLES

The present invention will be explained in more detail by
way of examples, which are not intended to be limiting of
the present invention.

Example 1

An methacrylate (ype resist containing carbon black (CK
2000, manufactured by Fuji Hunt Electtonics Technology
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Co., Ltd.) was applied by spin-coating to one the faces of 2
support substratc (Glass 7059, manufactured by Corning
Co., Ltd) with dimensions of 25 mmx75 mmxl.1 mm
(thickness), which was baked at 200° C. to form a black film
(about 2 um thickness).

Next, the face opposite to the black film of this substrate
was washed wilh IPA and further irradiated with UV light,
Then, the substrale was secured lo a substrate holder of a
vapor deposition unit (manufactured by ULVAC
Corporation). As materials for vapor deposition, MTDATA
and NPD for a positive hole injecting layer, DPVBI for an
emitting material, and Alq for an electron injecling layer
were placed in 2 resistance heating molybdenum boat. Ag
was altached to 2 tungsten filament as a second metal for an
electrode (cathode), and Mg was attached to the. molybde-
num boat as an electron injecting metal for an electrode
(cathode).

After that, the pressure in a vacuum vessel was reduced to
5x%1077 torr and then the above matsrials were sequentially
laminated in the following order through a mask which
enabled fikm to be formed in a range of 10 mmx60 mm. A
vacuum, was maintained during the steps belween a step of
forming electrodes and a step of forming the positive hole
injecting Iayer by one evacuating operation,

First, Mg and Ag were vapor-deposited as the electrode
simultaneously at vapor deposition rates of 1.3-1.4 nm/s and
0.1 nm/s respectively to a film thickoess of 200 am, Then,
an electron injecting layer was formed by depositing Al at
a vapor deposition rate of 0.1-0.3 nm/s to 4 film thickness
of 20 nm, Next, an emitting layer was formed by depositing
DPVBI at a vapor deposition rate of 0.1-0.3 am/s to a film
thickness of 50.0m. Finally, a positive bole injecting layer
was formed by depositing NPD at a vapor deposition rate of
0.1-0.3 om/s to a film thickness of 20 om and also depos-
iting MTDATA at a vapor deposition rate of 0.1-0.3 am/s to
a film thickness of 200 om.

Next, the subsirate was transferred to & spultering appa-
ratus. A transparent electrode (anode) film 6f ITO (indium

49 Oxide ortin oxide) witk a thickness of 120 om and & surface
© resistance of 20 /01 was formed on this substrate al room
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temperature through 2 mask which enabled a film fo be
formed of an area of 10 mmx60 mm to create an orpanic EL
device.. Here, the. mask was lifted so (hat the ranges of the
electrodes and Lransparcat electrode were crossed (in a range
of 10 mmx55 mm) and the terminal of each electrode could
be taken. .

Next, an epoxy, two-liquid mixing type adhesive
(Araldite, maoufactured by Ciba Geigy Co., Lid.) was
applied to the peripheries of the crossed portions (10 mmx55
mm) at a width of I mm approximately with partial slits
using & dispenser to form a substrate A.

Then, a transparent inorganic oxide subsirate (barium
borosilicate glass) (substrate B) of 25 mmx75 mmx1.1 mm
(thickness) was applied to the substrate A and the adhesive
was cured. After that, hydrocarbon fluoride (Fluorinert,
manufactured by Sumitome 3M Corp.) was injected under a
nitrogen atmosphere, using an injection needle, through the
above slits into gaps between the support substrate (subsirate
A.) and the applied substrate (substrate B). Then, the same
adhesive was filled into the slits in the cured adhesive and
cured.

Next, characters EL with 2 width of 1 mm were printed on
the substrate within the portion corespending to the crossed
portion (a range of 10 mmx55 mm) through a screen board
using an ink (viscosity 8,600 cp) produced by dissolving
coumarin 6/polyvinyl chloride resin (molecular weight of

it
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20,000) in cyclohexanone in the coumarin 6 concentration
of 0.03 molkg (film). The characlers were air-dried to
prepare a fluorescent patiern of the characters EL (15 um
thickness).

A multi-color light emission apparatus composed of the
organic EL device was manufactured in this manner as
shown in FIG. 1. When a d.c. voltage of 8 V was applied
between the transparent electrode (anode) and the electrode
(cathode) of the multi-color light emission apparatus, the
crossed portions of the transparent electrodes {anodes) and
the electrodes (cathodes) emitted light, The luminance of the
light viewed from the portion lacking the fluorescent layer
was 100 cdfm® The CIE chromaticity coordinates (JIS Z
§701) were as follows: x=0.15, y=0.15. Light of a blue color
was detected.

Also, the luminance of the light viewed from the fluo-
rescent layer provided with the patterned characters EL was
120 ed/m? and the CIE chromaticity coordinales were as
follows: x=0.28, y=0.62. Light of a yellowish green color
was detected.

The roulti-color light emission apparatus was allowed to
stand in the atmosphere for two weeks. As a result, the
omulti-color light emission apparatus maintained uniform
light emission without changes in Iuminance and chroma-
ticity and also without dark spots appearing as deterioration
of the device progressed.

"Example 2

Asupport substrate (substrate A) provided with 20 organic
EL device was eombined with a transparent inorganic oxide
substrate (substrate B) in the same rmanner as in Example 1
lo form a substrate containing a gap filled with hydrocarbon
fluoride. Next, the characters EL with a width of 1 mm were
printed on the substrate within the portion corresponding to
the crossed portion-(range 10 mmx55 mm) of an electrode
aod z trapsparent electrode through a screen board using an
ink (viscosity 8,000 <p) produced by dissolving 43% (for
film) by weight of 2 pigment containing rhodamine/
polyvinyl chloride resin (molecular weight 20,000} in eyclo-
hexanone. The characters were air-dried to prepare a fluo-
reseent pattern of the characters EL (20 qm thickness),”

A multi-color light emission apparatus composed of the
organic BL device was manufaciured in this maaner as
shown in FIG, I, When a d.c. voltage of 8 V was applied
between the transparent electrode (anode) and the electrode

1
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(cathode) of tke multi-color light emission apparatus, the ~

* crossed portions of the transparent electrodes and the elec-
trodes emitted light. The luminance of the light viewed from
the portion lacking the fluorescent layer was 100 cd/m?, The
CIE chromalicity coordinate (JIS Z 8701) was as follows:
x=0.15, y=0.15, Light of a blue color was detected.

Also, the luminance of the light viewed from the fluo-
rescent layer provided with the patterned characters EL was
30 cd/m? and the CIE chromaticity coordinates were as
. follows: x=0.60, y=0.31. Light of a red color was detected.

The multi-color light emission apparatus was allowed to
stand in the atmosphere for two weeks. As a result, the

multi-color light emission apparatus maintained uniform

light cmission without changes in luminance and chroma-
licity coordinate and also without dark spots appeariog as
deterioration of the device progressed.

Example 3

An methacrylate type resist containing carbon black (CK
2000, manufactured by Fuji Hunt Electronics Technology
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Co., Lid)) was applied by spin-coating to one face of a
support substrate (Glass 7059, menufactured by Corming
Co., Ltd.) of 100 mmx100 mmx1.1 mam (thickness), which
was baked at 200° C. to form 2 black film with a thickness
of about 2 ym.

Next, the face apposite to the black film of this substrate
was washed with IPA and further irradiated with UV light.
Then, the substrate was secured to a substrate holder of a
vapor deposition unit {manufactuted by ULVAC
Corporation). As malerials for vapor deposition, MTDATA
and NPD for a positive hole injecting layer, DPVBI for a
cmitting material, aod Alq for an electron injecling layer
were placed in a resistance heating molybdenhum boat. Ag as
a second metal for an electrade (cathode) was attached to a
tungsien filament, and Mg as an electron injecting metal for
an elecirode {cathode) was attached 10 the molybdenum
boat.

After that, the pressure in a vacuum vessel was reduced to
5%10~7 tor. First, & film with a pattern of an elecirode was
formed using a mask capable of transferring a stripe patiern
of an 1.5 mm pitch (1.4 mm lines and 0.1 mm gaps) in &
range of 72 mmx72 mm. Next, films of layers from zn
electron injecting layer to a positive hole injecling layer
were formed using 2 mask enabling a film to be formed in
a range of 72 mmx72 mm. A vacuum was maintajned during
the steps between the step of forming the electrodes and the
step of forming the positive hole injecting layer by one
evacuating operation.

First, Mg and Ag were siroultaneously vapor-deposited as
the electrodes at vapor deposition rates of 1.3—1.4 nm/s and
0.1 nm/s respectively to a film thickness of 200 om. Then,
an electron injecting layer was formed by depositing Alq at
a vapor deposition rate of 0.1-0.3 nm/s to a film thickness
of 20 nm. Next, an emitting layer was formed by depositing
DPVEI{ at a vapor deposilion rale of 0.1-0.3 nm/s to a2 film
thickness of 50 nm. Finally, a positive hole injecting layer
was formed by depositing NPD at a vapor deposition rate of
0.1-0.3 nm/s to a film thickness of 20 nm and also depos-
iting MTDATA at a vapor deposition rate of 0.1-0.3 noy/s to
a film thickness of 400 om. -

Next, the substraie was transferred to a sputtering appa-
ratus, A film of a transparent electrode (anode) of ITO with
a thickness of 120 nm and a surface resistance of 20 Q/0
was formed on this subslrate at room lemperature through a
mask which enabled a solid film with a stripe pattern of 4.5
mm pitch (4.0 mm lines, 1.0 mm gaps) to be formed in a
range of 72 mmx72 mm, to form an erganic EL device.
Hers, the mask was located so that Lhe ranges of the
electrodes and transparent clectrodes were crossed and the
terminal of each clectrode could be (aken.

Next, an epoxy, two-liquid mixing type adhesive
(Araldite, manufaciured by Ciba Geigy Co., Lid) was’
applied to the peripheries of the crossed portions (a range of
72 mmx72 mm) at a width of 1 mm approximately with

s partial slits using a dispenser to form a subsirate C.

Then, & transparent inorganic oxide substrate (barium
borosilicate glass) (substrate D) of 100 mmx100 mmx0.15
mm was applied to the substrate C and the adhesive was
cured. After that, hydrocarbon fluoride (Fluorinert, manu-

o factured by Sumitomo 3M Corp.) was injected under a

nitrogen atmosphere, using an injection needle, through the
above slits into a gap between the support substrate
(substratc C) and the applicd substrate (substrate D). Then,
the same adhesive was filled into the slits in the cured
adhesive and cured.

Next, a pattern of a fluorescent layer A with a thickness of
15 pm was printed by screen printig on the substrate usiog
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an nk (viscosity 8,000 cp) produced by dissolving coumarin
6/polyvinyl chloride resin {molecular weight 20,000) in
cyclohexanone in the coumarin 6 concentration of 0.03
mol/kg (film) througk a screen board which enabled z stripe
pattern of 1.4 mm lines and 3.1 mm gaps to be formed afler
aliguing with the clectrodes (cathodes) of the organic EL
device, followed by air-drying,

Next, a pattern of a fluorescent layer B with a thickness
of 20 gm was printed by screen printing on the substrate
using an ink (viscosity 8,000 cp) produced by dissolving
43% (for film) by weight of 2 pigment containing
rhodamine/polyviuyl chloride resin (molecular weight
20,000) in ¢yclohexanone through a screen board which
enabled a stripe pattern of 1.4 mm lines and 3.1 mm gaps to
be formed after lifting the pattern 1.5 mm from the pattern
of the fluorescent layer A in a direction perpendicular to the
stripe, followed by air-drying.

A multi-color light emission apparatus composed of the
organic EL device (dot matrix type) was manufactured in
this manner as shown in FIG. 4. When a d.c. voltage of 8 V
was applied between the anode and the cathode of the
multi-color light emission apparatus, the crossed portions of
the transparent electrodes (anodes) and the electrodes
(cathodes) emitted light. The Iuminance of the light viewed
from the portion lacking the fluorcscent layer was 100
¢d/m?. The CIE chromaticity coordinate (JIS Z 8701) was as
follows: x=0.15, y=0.15. Light of a blue color was defected.

Also, the luminance of the light viewed from the fluo-
rescent layer A was 120 cd/m?® and the CIE chromaticity
coordinates were as follows: x=0.28, y=0.62. Light of a
yellowish green color was detected.

On the other hand, the luminance of the light viewed from
the Auorescent layer B was 30 cd/m? and the CIE chroma-
ticity coordinates were as follows: x=0.60, y=0.31. Light of
a red color was detected.

The multi-color light emission apparatus was allowed to
stand in the almosphere for two weeks. As a zesuli, the
multi-color light ernission apparatus maintained uniform
light emission without changes in luminance and chroma-
ticily coordinate and also without dark spots appearing as
deterioration of the device progressed. Also, the angle of
view defined by the range in which leakage of light (meno-
chromatic light) was not confirmed was *60° which was a
practical level.

Example 4

A coating agen! composed of an aqueous pelyvisyl pyr-
rolidone (molecular weight 360,000) solution was applied
by spin-coating on the fluorescent layer of the multi-color
light erission apparatus compased of the organic EL device
mapnufactured in Example 1 and air-dried to laminate a
protective layer of the Aucrescent layers with a (hickness of
10 gm.

A multi-color light cmission apparatus composed of the
organic EL device was manufactured in this manener as
shown in FIG. 2, The multi-color light emission apparatus
was allowed to stand in the atmosphere for two weeks. As
a result, the multi-color light emission apparatus maintained
uniferm light emission without changes in luminance and

. chromaticity coordinates and also without dark spots appear-

ing as deterioration of the device progressed.

Also, because the protective layer was larninated, the
Huorescent layer was never damaged even if the fiuorescent
layer was contacted by a pail and the handling, such as
carrying, of the apparatus was easy.

Example 5

An adbesive was applied to 2 substrate produced by
forming an organic EL device on a support.substrate in the
same manner as in Example 3 to form a substrate X.
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Separately, a pattern of a fluorescent layer A with a
thickness of 15 tan was printed by screen printing on a
transparent substrate (7059, manufactured by Corning Co.,
Lid.) of 100 mmx 100 mmx0.70 mm (thickness) using anink
(viscosity 8,000 cp) produced by dissolving coumarin
6/polyvinyl chloride resin (molecular weight 20,000) in
cyclohexanone in the coumarin 6 concentration of 0.03
mol/kg (flm) through a screen board which enabled a stripe
patlern of 1.4 mm Lines and 3.1 rom gaps to be formed after
aligning with the location corresponding to electrodes of the
organic EL device, followed by baking at 120° C.

Next, a patiem of a fluorescent layer B with a thickness
of 20 gm was printed by screen printing on the subsirate
using an ink {viscosity 8,000 cp) produced by dissolving
43% (for film) by weight of a pigment containing
rhodamine/polyvinyl chloride resin {molecular weight
20,000) in cyclohexanone through a screen board which
enabled a stripe pattern of 1.4 mm lines and 3.1 mm gaps to
be formed after lifting the pattern 1.5 mm from the pattern
of the fluorescent layer A in a direction perpendicular to the
stripe, followed by baking at 120° C.

An aqueous polyvinyl pyrrolidone (molecular weight
360,000) solulion was applied by spin-coafing to the sub-
strate to laminate a protective layer of the fluorescent layers
with a thickness of 10 am. Next, 2-cyanoacrylate type
adhesive (*Aron o, manufactured by Toagosel Chemical
Industry Co., Lid.) was applied to the entire substrate by
casting to provide an inorganic oxide substrate
(aluminoborosilicate glass) of 100 mmx100 mmx0.05 mm
(thickness) on the substrate to form a substraie Y.

The subsirate Y was applied te the zbove substrate X so
that a 0,05 mm thickness substrate of the substrate Y faced
the organic EL device and the fluorescent layers A and B
were aligned with the electrodes of the organic EL device
and the adhesive was cured. After that, hydrocatbon fveride
(Fluorinate, mapufaciured by Sumitomo 3M Corp.)) was
injected under a nitrogen atmosphere using an injection
needle, through slits in (he cured adhesive inte a gap
between the suppart substrate (substrate X) and the applied
substrate (substrate Y). Then, the same adbesive was filied
into the siits in the cured adhesive and cured.

The luminance and chromaticity coordinate of the light
emitted in the mulii-color light emission apparatus, com-
posed of the organic EL device shown in FIG. 6 and
designated as apparatus 10, which was mapufactered in this
manner, were the same as those in Example 3. Even if the
multi-color light emission apparatus was allowed to stand in
the atmosphere for two weeks, the multi-color light emission
apparalus maintained uniform light emission without
chaoges in luminance and ehromaticity coordinate and also
without dark spots as delerioration of the device progressed.
Also, the aogle of view defined by the range in which
leakage of light (mono-chromatic light) emitted from the
organic electroluminescence device was not confirmed was
+70° which was a practical level

Also, because the transparent substrate was laminated, the
fluorescent layer was never damaged even if the fluorescent
layer was contacted by a pail and the handling, such as -
carrying of the apparatus, was easy.

Cornparative Example 1

First, a substrate A was manufactured io the same maoner
as in Example 1. .

Next, characlers EL with a width of I mm were printed oo
the transparent substrale with dimension of 25 mmx75
mmx1.1 mm (thickness) within the portion corresponding to
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the crossed portion (a range of 10 mmx55 mm) of an
electrode and a transparent electrode through a screen board
using an ink (viscosity 8,000 cp) produced by dissolving
coumaria 6/polyvinyl chloride resin (molecular weight
20,000) in cyclohexanone in the coumarine 6 concentration
of 0.03 mol/kg (film)., The characters were air-dried to
prepare a fluorescent pattern of the characters EL 1o form a
substrate E.

The substrate E was applied to the above substrate A so
that the fluorescent layer of the substrate E faced the organic
EL device and the adhesive was cured. After that, hydro-
carbon fluoride (Flvorinert, manufactured by Sumitomo 3M
Corp.) was injected under a nitrogen atmosphere using an
injection needle, through slits in the cured adbesive into a
gap between the support substrate (substrate A) and the
applied substrate (substrate E), Then, the same adhesive was
filled info the slits in the cured adhesive and cured,

A multi-color light emission apparatus composed of the
organic EL device was manufaclured in this manner as
shown in FIG. 7. When a d.c. voltage of 8 V was applied
between the transparent electrode (anode) and the electrode
(catbode) of the multi-color light emission apparatus, the
crossed portions of the transparent electrades and the elec-
trodes emitied light. The luminance and chromaticity coor-
dinates of each light viewed from the portion lacking the
fluorescent layer and from the characters EL were the same
as those in Example 1,

However, when the multi-color light emission apparatus
was allowed to stand in'the atmosphere for (wo weeks, the
luminance of the blue light emitting pertion decreased to S
cd/m® and the luminance of the light viewed from the
characters EL decreased to 7 cd/m?® Also, dark spots,
appearing as deterioration of the device progressed,
increased, resulticg in noouniforrn light emission. It was
confirmed that when the fluorescent layer is disposed so as
to face the organic EL device contrary to Example 1, the
light emission life of the multi-color light emission appara-
tus was groatly impaired.

‘ Comparative Example 2 .

Asubstrate C was manufactured in the same mancer as in
Example 3.

A Irapsparen! fuerganic oxide substrate .(borosilicate
glass) (substrate F) of 100 mmx100 mmx0,30 mm thickness
was applied to the above substrate 'C. Then, a multi-color
light emission apparatus composed of an organic EL device
(dol matrix type} stiown in FIG. 4 was formed in the same
manner as in Example 3.

Tais multi-color light emission apparatus was allowed lo
cmit light to result in obtaining the same luminance and
chromalicity as in Example 3.

When the mulli-color light emission apparatus was
allowed to stand in the almospherc for two weeks, the
mulli-color light emission 2pparatus maintained uniform
light emission witbout changes in lumivance and chroma-
ticity coordinates and also without dark spots appearing as
deterioration of the device progressed. However, the angle
of view defined by the range in which leakage of light
{mono-chromatic light) emitted from the organic electrolu-
minescence device was not confirmed was +30°, so that
there were portions (angles) where the light color viewed
from a normal sight range differed from the emitted light
color, exhibiting 2 problem in practical use. '

Example 6

A pattemn of a fluerescent layer A with a thickoess of 15
#im was printed by screen printing on 2 glass substrate (7059,
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manufactured by Corniog Co., Ltd.) of 100 mmx100
memx1.1 mm (thickaess) as a transparent support substrate
using an ink (viscosity 8,000 cp) produced by dissolving
coumarin 6/polyvinyl chloride resin (molecular weight

20,000) in cyclohexanone in the coumarin 6 concentration
of 0.03 mol/kg (film) through a screen board which enabled
a stripe pattemn of 1.4 mm lines and 3.1 mm gaps to be
formed, followed by baking at 120° C, Nexl, a pattern of a
fluorescent layer B with a thickness of 20 #m were printed
by screen printing on the substrate using an ink (viscosity
8,000 cp) produced by dissolving 43% (for film) by weight
of a pigment containing rhodamine/polyvinyl chloride resin
(rolecular weight 20,000} in cyclohexanone through a
sereen board which enabled a stripe pattern of 1.4 mm lines
aod 3.1 mm gaps to be Tormed after lifting the pattern 1.5
mm from the pattern of the fuorescent layer Ain a direction
perpendicular to the strips, followed by baking al 120° C,

An aqueous solution of 20% by weight of polyvinyl
alcohol {molecular weight 50,000) was applied to the entire
substrate provided with the patiems of the fluorescent layers
by spin-coatiog. The substralec was baked al 80° C. to
‘prepate a transparent protective layer of the fluorescent
layers with a thickness of 5 um.

Next, a photocurable iransparent adhesive of epoxy type
oligomer (3102, manufactured by Three Bond corp.) was
applied to the protective layer by casting. The glass surface
of a glass plate (borosilicate glass) of 100 mmx100 mmx50
pm thickness as an insulating inorganic oxidé layer, on
which a film of 2 transparent electrode (anode) of ITO
{indium oxide or tin oxide) with a thickness of 0.12 pm and
a surface resistance of 20 £2/0 was formed, was applied to
the protective layer. The substrate was ircadiated with UV
light through the ITO surfacs at a dose of 3,000 mJ/em? (365
om), followed by baking at 80° C.

. A film of a novolak/quinonediazido type positive resist
(HPR 204, manufactured by Fuji Hunt Electronics Technal-
ogy Co., Lid.) was laminated by spin-coating. After baking
at 80° C., the substrate was placed on a proximily type
exposure machine. Then, the substrate was irradiated with
light at a dosc of 100 mJ/cm?® (365 nm) using a mask capable
of transferring a stripe pattera of 1.2 mm lines and 0.3 mm
paps after eligning the mask with the filuorescent layers A
and B. . ' )

The resist on the substrale ‘was developed using an

.aqueous solution of 2.38% by weight of TMAH (Fetra-

Methyl Ammonium Hydroxide) and post-baked at 130° C.
Then, the exposed ITO film was treated by etching using
aqueous hydrobromic acid aod, finally, the positive type
resist was peeled off to prepare a pattern of the ITO film
which constitutes an apode of the organic EL device,

Next, this substratc was washed with IPA and further
irradiated with UV light. Then, the substrate was secured to
& substrate holder of a vapor deposition unit (masufactured
by ULVAC Corporation). As materials for vapor deposition,
MTDATA and NPD for a positive hols injecting layer,
DPVBi for anemittingmaterial, andAlq for an electron
injecting layer, were placed in a resistance heating molyb-
denum boat. Ag as a second metal for an electrode (cathode)
was altached to a tungsten filament, and Mg as an electron
injecting metal for aa electrode (cathode) was attached to the
molybdenum boat.

After that, the pressure in a vacuum vessel was reduced to
5x10™7 torr and then the above materials were sequentially
laminated in the following order. A vacuum was maintained
during the steps between the step of forming the positive
hole injecting layer and the step of forming the cathade by
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one evacuating operation. First, a positive hole injecting
layer was formed by depositing MTDATA at a vapor depo-
sition rate of 0.1-0.3 nm/s to a film thickness of 200 nm and
also depositing NPD at a vapor deposition rale of 0.1-0.3
nm/s to a film thickness of 20 nm. Next, an emitting layer
was formed by depositing DPVB! at 2 vapor deposition rale
of 0.1-0.3 nm/s to a film thickness of 50 om. Then, an
clectron injecting layer was formed by deposiling Alqg at a
vapor deposition rate of 0.1-0.3 om/s to a film thickness of
20 am. Finally, Mg and Ag were vapor-deposited simulla-
neously s the cathode at vapor deposition rates of 1,3-1.4
nmo/s and 0.1 nm/s cespectively to a film thickness of 200 nm
theough a mask capable of transferring a stripe pattern of 4
mm lines and 0.5 mm gaps which is perpendicular to the
stripe pattern of the anode composed of 1TO.

A multi-colar Iight emission apparatus composed of the
organic BL device was maoufactured in this manner as
shown ie FIG. 11. When a d.c. voltage of 8 V was applied
between the anode and the cathode of the multi-color light
emission appacatus, the crossed portions of the anedes and
cathodes emitted light, The luminance of the light viewed
from the portion lacking the fuorescent layer was 100
cd/m?. The CIE chromaticity coordinate (/IS Z 8701) was as
follows: x=0.15, y=0.15. Light of a blue color was detected,

On the other hand, the lJuminance of the light viewed from

the fluorescent layer A was 120 cd/m® and the CIE chroma- -

ticity coordinates were as foliows: x=0.28, y=0.62. Light of
a yellowish green color ‘was detected.

Also, the luminance of the light viewed from the fluo-
rescent layer B was 30 cd/m® and the CIE chromaticity
coordinates were as follows: x=0.60, y=0.31, Light of a red
color was detected.

The multi-color light ernission apparatus manufactured in
the above manner was allowed to stand under a nitrogen
stream for two weeks. As a result, the multi-color kight
<mission apparatus maintained uniform light emission with-
out changes in luminance and chromaticity coordinates and
also withou( dark spots appearing as deterioration of the
device progressed. Also, the angle of view defined by the
range in which leakage of light (mono-chromatic light)
emitted from the organic EL device was not confirmed was
60°, which was a practical level.

The water content of the glass substrate with a thickness
of 50 xm was 0.1% by weight or less and the gas perme-
ability of the glass substrate for aqueous vapor and for
oxygen was 107 cecm/emscmHg or less.

Example 7

A photocurzble lransparent adhesive of epoxy type oli-
gomer {3112, manufactured by Three Bond corp.) was
applied, by casting, 1o the substrate provided with the
fiuorescent layers A and B, which was prepared in Example
6. The glass surface of a glass plate (borosilicate glass) of
100 mmx100 mmx50 xm thickness as an insulating inor-
ganic oxide layer on which a film of a transparent electrode
(anode) of ITO with a thickness of 0.12 4#m and a surface
resistance of 20 L/ was formed was applied to the sub-
strate. The substrate was irradiated with UV rays through the
surface of [TO at adose of 3,000 mJ/em? (365 nm), followed
by baking at 80° C.

Then, the ITO was patterned and ar organic EL device
was formed under the same conditions as in Example 6 to
prepare a multi-color light emission apparatus composed of
the organic EL device shown in FIG. 10.

This multi-color light emission apparatus was allowed to
emit light to obtain the same luminance and chromaticity
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coordinates as in Example 6. Wher (be multi-color light
emission apparatus was allowed to stand wnder a nitrogen
stream for two weeks, it maintained uniform light emission
without changes in luminance and chromaticity coordinate
and also without dark spots as deterioration of the device
progressed, Also, the angle of view defined by the range in
which leakage of light (mono-chromatie light) emitted from
the orgaric electroluminescence device was not confirmed
was +55°, which was a practical level.

Example 8

A photocurable resist containing carbon black (CK 2000,
manufactured by Fuji Hunt Electronics Technology Co.,
Ltd.) was applied by spin-coating to a glass substrate (7059,
manufactured by Corning Co., Ltd) of 100 mmxiG0
mmx1.1 mn (thickness) as a trapsparent support substrate,
which was baked at 80° C. Then, an oxygen shielding film
of polyvinyl alcohol(CP, manufactured by Fuji Hunt Elec-
tronics Techmology Co., Ltd.) was formed on the substrate
by spin-coating, and was baked al 80° C. Next, the resulting
substrate was placed on a proximily type exposure machine.
The substratc was then irradiated with light at a dose of 100
ml/cm® (365 nm) using a mask capable of transferring a
stripe pattera of 0.3 mm lines and 1.2 mm gaps. The resist
on the substrate was developed using aqueous 1IN sodium
carbonate solution and post-baked at 200° C. to provide a
black matrix.

A photocurable resist containing copper phthalocyanine
{CB 2000, manufactured by Fuji Huat Electronics Technal-
ogy Co., Ltd) was applied to the substrate by spin-coating
and was baked at 80° C. Then, an oxygen shielding film of
polyvinyl aleohol {CP, manufactuced by Fuji Hunt Electron-
ics Technology Co., Ltd,) was formed on the substrate by
spin-ooating and was baked at 80° C, Next, the substrate was
placed on a proximity type exposure machine, The substrate
was then irradisted with light at & dose of 100 m¥/cm? (365
nm) using 2 mask capable of transferring a stripe pattern of
1.4 mm lines and 3.1 mm gaps after aligning the substrate so
that the patlern was embedded in gaps of the black matrix.
The resist oo the substrale was developed using agueous 1N
sodium carbopate solution and post-baked at 200° C. to
provide a blue color filter.

Fluorescent layers A and B were printed by screen print-
ing on portions olber than the blue color filter of the
substrate provided with the black matrix and the bine color
filter under the samme conditions as in Example 1 afler
alignment with the gaps of the black matrix. Then, the same
glass plate as in Example 1, specifically, a glass plate with
a thickness of 50 sm, which was provided with a film of ITO
(anode), was applied 10 the above substrate to form an [TO
patiern.

Next, this subsirale was washed with IPA and further
irradiated with UV light. Then, the subsirate was scoured to
a substrate holder of a vapor deposition unit (manufactured
by ULVAC Corporation). As materials for vapor deposition,
MTDATA and NPD for a positive bole injecting layer,
DPVBi for an emitting material, DPAVSB for a dopant, and
Alg for an electron injecting layer were placed in a resis-
tance heating molybdenum boat. Ag as a second metal for an
electrode (cathodc) was attached [o a tungsten filament, and
Mg as an electron injecting metal for an electrode (cathode)
was attached to the molybdenum boat.

Afler that, the pressure in the vacuum vessel was reduced
to 5%10°7 torr and the above materials were sequentially
laminated in the following order. A vacuum was maintained
during the steps between the step of forming the positive
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hole injecting layer and the step of forming the cathode by
onc cvacuating operation. First, a positive hole injecting
layer was formed by depositing MTDATA at a vapor depo-
sition rate of 0.1-0.3 nm/s to 2 film thickness of 200 nm and
also depositing NPD at a vapor deposition rate of 0.1-0.3
om/s to 2 film thickness of 20 nm. Then, an emitting layer
was farmed by depositing DPVBI at a vapor deposition rate
of 0.1-0.3 om/s and also depositing DFAVB at a vapor
deposition rate of 0.05 nm/s 1o a totai film thickoess of 40
nm {ibe proportion by weight of dopant te host material was
from 1.2 to 1.6). Then, an elcetron injecting layer was
formed by depositing Alq al a vapor deposition rate of
0.1-0.3 nm/s to a film thickness of 20 am. Finally, Mg and
Ag were simultancously vapor-deposited as the cathods at
vapor deposition rates of 1.3—1.4 nm/s and 0.1 nm/s respec-
tively to a film thickness of 200 nm through a mask capable
of transferring a stripe pattern of 4 mm lines and 0.5 mm
gaps which is perpendicular to the stripe patiera of the TTO
anode,

A multi-color light emission apparatus composed of the
organic EL device was maoufactiired in this manner as
shown in FIG. 13. When 2 d.c. voltage of 8 V was applied
between the anode and the cathode of the multi-color light
emission apparatus, the crossed portions of the anodes and
cathodes emitted light. The luminance of the light viewed
from the blue color filter was 35 od/m?. The CIE chroma-
ticity coordinates (JIS Z 8701) were as follows: x=0.14,
y=0.12. Light of a blue color was detected,

On the other hand, the luminance of the light viewed from
the fluorescent layer A was 120 cd/m? and the CIE chroma-
licity coordinates were as follows: x=0.28, y=0.62. Light of
a yellowish green color was detected.

Also, the huninance of the light viewed from the fluo-
rescent layer B was 30 cd/m® and the CIE chromaticity
coordinates were as follows: x=0.60, y=0.31, Light of a red
color was detected.

The multi-color light emission apparatus manufactured in
the above manner was allowed to stand under a nitrogen
stream for two weeks. As a result, the multi-color light
emission apparatus mainlained uniform light emission wilh-
out changes in luminance and chromatieity coordinate and
also without dark spots appearing as deterioration of the
device progressed. Also, the angle of view defined by the
range in which color mixiog was not confirmed when
mono-chromatic light was cmitted was +70°, which was &
practical level.

Example 9

Amethacrylate type photocurable resin (V259PA, manu-

factured by Nippon Steel Chemical Co,, Lid.) was applied,
by spin-coating, 10 the substrate provided with the fluores-
cent layers A and B, which was prepared in Example 6. After
baking at 80° C., the substrate was imadiated with UV light
at a dose of 300 m/crn® (365 nm). Then, the substrate was
baked at 160° C. to laminate a transparent protective layer
with a thickness of 5 ym.

Next, a silicon oxide film s as insulating inorganic oxide
layer with a thickoess of 0.01 um was laminated over the
entire substrate beated at 160° C. using a sputtering appa-
ratus. Then, a film of ITO (anode) with a thickness of 0.12
pm and a surface resistance of 20 Q] was formed on the
substrate using a sputtering apparatus, while the subsirate
was heated at 160° C.

Then, the ITO was patterned and an organic EL device
was formed under the same conditions as in Example 6 to
prepare a multi-color light emission apparatus composed of
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the organic EL device shown in FIG. 12. This multi-color
light emission apparatus was allowed to cmit light to obtain
the same luminance and chromaticity coordinates as in those
in Example §. When the multi-color light emission apparatus
was allowed lo stand under a nitrogen stream for lwo weeks,
the multi-color light erission apparatus mafulained uniform
light emission wilh almost no changes in luminance and
chromaticity coordinates and also with few dartk spots
appearing as deterioration of the device progressed. Also,
the angle of view defined by the range in which leakage of
light (mono-chromatic light) emitted from the organic clec-
troluminescence device was not confirmed was x90°, which
was a practical level.

The water content of the sificon oxide film with a thick-
ness of 0.01 pm was 0.1% by weight or less and the gas
permeability of the silicon oxide film for aqueous vapor and
for oxygen was 107** cecm/em®scmHg or less.

Example 10

An aluminum oxide film as an insulating inorganic oxide
layer with a thickness of 0.01 g#m was laminated over the
entire substrate provided with the fluorescent layers A and B,
which was prepared in Example 6, using a sputtering appa-
ratus while heating the substrate at 160° C. Then, a solid film
of ITO with a thickness of 0,12 um and a surface resistance
of 20 ©/0 was formed on the substrate using a spultering
apparalus, while the substrate was heated 2t 160° C.

Then, the ITO was patterned and an organic EL device
was formed under the szme conditions as in Example 6 to
prepare a multi-color light emission apparatus composed of
the organic EL device shown in FIG. 9. This mulli-color
light emission apparatus was allowed to emit light to obtain
the same luminance and chromaticity coordinates as in those
in Example 6. When the multi-color light emission apparatus
was allowed Lo stand under a nitrogen stream for two weeks,
the multi-color light emission apparatus maintained uniform
light emission with almost no changes in luminance and
chromaticity coordinale and also with few dark spots
appearing as deterioration of the device progressed. Also,
the angle of view defined by the range in which leakage of
light (mono-chromatic light) emitted from the organic elec-
Ireluminescence device was pot confirmed was =90°, which
was a praclical level.

The water content of the aluminum oxide film with a
thickness of 0.01 #m was 0.1% by weight or less and the gas
permeability of the aluminum oxide Glm for aqueous vaper
and for oxygen was 107! ccem/em?semHg, or less.

Example 11

A titanium oxide film as an insulating inorganic oxide
layer with a thickness of 0.01 um was laminated by spul-
tering over the entire substrate provided with 1he fuorescent
laycrs A and B, which was prepared in Examgle 6, while
heating the substrate at 160° C. Then, a solid film of ITO
with a thickness of 0.12 um and a surface resistance of 20
/0 was formed on the substrate usiog a sputtering
apparatus, while the substrate was heated at 160° C.

Then, the ITO was patterned and an organic EL device
was formed under the same conditions as in Example 6 to
prepare a multi-color light emission apparatus composed of
the organic EL device shown in FIG. 9. This multi-color
light emission apparatus was allowed to emit light to obtain
the same luminance and chromaticity coordinates as in those
in Example 6. When the multi-color light emission apparatus
was allowed o stand under a nitrogen stream for two weeks,
the multi-color light emission apparatus maintained uniform
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light emission with almost no changes in luminance and
chromaticity coordinates and also with few dark spots
appearing as deterioration of fhe device progressed. Also,
the angle of view defined by the range in which leakage of
light (mono-chromatic light) cmitted from the organie elee-
troluminescence device was not confirmed was +90°, which
was a practical level.

The water content of the titanium oxide flm with a
thickness of 0.01 um was 0.1% by weight or less and the gas
permeability of the titanium oxide film for aqueous vapor
amd for vxygen was 10°2 ccom/cm®scmHg or less,

Example 12

A photocurable transparent adhesive of a methacrylate
type oligomer (3102, manufactured by 3-Bond corp.) was
applied, by casting, to the substrate prepared in Example 6,
in which the proteclive layer was laminated on the fluores-
cent layers A and B. The glass surface of 2 glass substrate
{soda-lime glass) of 100 mmx100 mmxS0 pum thickness as
an insulating inorganic oxide layer on which a titanium
oxide film with a thickness of 0.05 y#m and a film of a
transparent electrode of ITO (anode) with a thickness of 0.12
#m were completely formed in order was applied to the
substrate, The substrate was irradiated with UV rays through
the surface of the ITO at a dose of 3,000 mJ/cm? (365 nm),
followed by baking at 80° C.

Thes, the ITO was patterned and an organic EL device
was formed under the same conditions as in Example 6 to
prepare a multi-color light emission apparatus composed of
the organic EL device shown in FIG. 14. This multi-color
light emission apparatus was allowed lo cmit light to obtain
the same luminance and chromaticity coordinale as in those
in Example 6, When the multi-color light emission apparatus
was allowed to stand under a nitrogen stream for two weeks,
the multi-color light emission apparatus maintajned uniform
light emission with almost oo chanpes in luminance and
chromalicity coordinate and also with few dark spots
appearing as deterioration of the device progressed. Also,
the angle of view defined by the range in which leakage of
light {mono-chromatic light) emitted from the organic elec-
troluminescence device was oot confirmed was £60°, which
was a practical Jevel.

The water contenl of the glass substrate with a thickness
of 50 xm, on which the titanium oxide film with a thickness
0f 0.01 p#m was formed, {n this example, was 0.1% by weight
or less and the gas permeability of the glass substrate, on
which titanium oxide film was forrned, for aqueous vapor
and for oxygen was 10712 ccem/em?® scmHg or less.

Cormpzrative Example 3 (io the case of no
provision for the inorganic oxide layer)

A methacrylate Lype photocurable resin (V259PA, manu-
factured by Nippon Steel Chemical Co., Lid.) was applied,
by spin-cozling, to the substrate provided with the fiuores-
cent layers A and B, which was prepared in Example 6. After
baking at 80° C,, the substrate was irradiated with UV light
at 8 doss of 300 mi/cm® (365 nm). Then, the substrate was
baked at 160° C, to laminate a transparent protective layer
with a thickness of 5 gm.

Next, a film of ITO (anode) with a thickness of 0.12 um
and a surface resistance of 20 Q/0 was formed on the
substrate using a sputtering apparatus, while the substrate
was heated at 160° C. :

Then, the ITO was patterned and an organic EL device
was formed under the same conditions as in Example 6 to
prepare a multi-color light emission apparatus composed of
the organic EL device shown in FIG. 15. This multi-color
light emission apparatus was allowed to emit light to obtain
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the same Juminance and chromaticity as in these in Example
6. However, when the multi-color light emission apparatus
was allowed 1o stand under a nitrogen stream for two weeks,
the luminance viewed from the portion lacking the fluores-
cent layer under the same conditions as in Example 6
decreased to 5 od/cm? and many dark points as deterioration
of the device progressed, exhibiling a clear problem.

The total content of water contained in the protective
layer was 1.2% by weight and the gas permeabilily of the
protective layer for aqueous vapor and for oxygen was 1072
ecem/em?scmldg or more. :

Comparative Example 4 (jo the case where the
thickness of the inorganic oxide layer was 0.005
fam)

A methacrylate type photocurable resin (V259PA, manu-
factured byNippon Steel Chemical Co., Ltd.) was applied,
by spin-coatiog, to the substrate provided with the fluores-
cent layers Aand B, which was prepared in Example 6. Afler
baking at 80° C,, the substrate was irradiated with UV light
at a dose of 300 mJ/cm® (365 nm). Then, the substraic was
baked at 160° C. to laminate a transparent protective film
with 2 thickness of 5 ym.

Next, using a sputlering apparatus, a silicon oxide film as
an insulating inorganic oxide layer with a thickness of 0.005
#m was laminated over the entire substrate heated at 160° C.
and a solid Alm of [TQ with a thickness of 0.12 um and a
surface resistance of 20 Q/0 was formed over the cntite
substrate using a sputtering apparatus, while the substrate
was heated at 160° C.

Then, the ITO was patterced and an organic EL device
was formed under the same conditions as in Example 6 to
prepare & multi-color light emission apparatus composed of
the orgagic EL device. This muiti-color light cmission
apparatus was allowed to cmil light to obtain the same
lurninance and chromaticity as in Example 6. However,
when the multi-color Light emission apparatus was allowed
to stand under a nilrogen stream for two weeks, the lumi-
nance viewed from the portion lacking the fluorescent layer
under the same conditions as in Example 6 decreased to 20
cd/em® and many dark spots as deterioration of the device
progressed, exhibiting a clear problem.

The water content of the silicon oxide film with a thick-
ness of 0.005 ym was (1.1% by weight or less. However, the
gas permeability of the silicon oxide film with a thickness of
0,005 sm for aqueous vapor and for oxygen was 1072
ceemfcm®semHg or more.

Comparative Example 5 (io the case where the
thickness of the inorganic oxide layer (plate glass)
was 300 pm)

The glass surface of 2 glass plate (borosilicate glass) of
100 mmx100 mmx300 um thickness as an insulating inor-
ganic oxide layer on which a solid film of ITO (anode) with
a thickness of 0.12 #m and a surface resistance of 20 £/01
was formed was applicd to the substrate prepared in
Example 6, on which the patterns of the fluorescent layers A
and B, the protective layer, and the adhesive layer were
subsequently laminated. The substrate was irradiated with
UV rays through the ITC surface at a dose of 3,000 ml/ern®
(365 nm), followed by baking at 80° C,

Then, the ITO was patterned and an organic EL device
was formed under the same conditions as in Example 6 to
prepare a mulli-color light emission apparatus composed of
the organic EL device. This multi-color light emission
apparatus was allowed Lo emit light to obtain the same
luminance and chromaticity as in Example 6. When the
multi-color light emission apparatus was allowed to stand
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under a pitrogen siream for two weeks, the multi-color light
emission apparatus maintained uniform light emission with
almost no changes in luminance and chromaticity coordi-
nates and also with few dark points appearing with the
progress in deterioration of the device, However, the angle
of view defined by the rapge in which leakage of light
(mouo-chromatic Light) emitted from (he organic EL device
was not confirmed was +30°. There were portions (angles)
where light of a color differing from the emitted color was
viewed in a normal sight range, exhibiting a practical
problem.

Comparative Example 6 (in the case of forming the
protective layer (flat layer) using a sol-gel glass
method)

The substrate produced in Example 6, which was pro-
vided with the patterns of the fluorescent layers A and B, was
dipped into 2 mixed solution consisting of 10% by weight of
tetraetboxysilane (Si(OC,H,),) and water/ethanol (ratio by
volume: 1:2) containing 1% by weight of hydrochlaric acid.

The substrate was slowly lifted to produce a substrate in
which the fluorescent layers A and B were dipcoated with
silicon oxide (Si0,) sol.

The substrate was then heated at 400° C. so that silicon
oxide was allowed to gel and thereby a glass-like protective
layer was laminated on the fluorescen! layers A and B,
However, it was confirmed that the patterns of the fluores-
cent layers A and B were blackened (carbonized) to show
delerioration in these ldyers.

Because of this, the substrate was healed at 160° C. so that
silicon oxide was allowed to gel and thereby a glass-like
prolective layer with a thickoess of 0.2 zm was lamipated on
the fluorescent layers A and B.

Next, a film of ITO (anode) with a thickness of 0.12 um
and a surface resistance of 20 Q/J was formed on the entire
substrate using a sputlenng apparatus, while the substrate
was heated at 160° C

Then, the ITO was patterned and an organic EL device
was formed under the same conditicns as in Example 6 to
provide a multi-color light emission apparaius composed of
the organic EL device shown in FIG. 15. This multi-color
light emission apparatus was allowed to emit light to obtain
the same luminance and chromaticity as in Example 6.
However, when the multi-color light emission apparatus was
allowed to stand under a nitrogen siream for two weeks, the
luminance viewed from the poruun lacking the fluorescent
fayer uudcr the same conditions as in Example 6 decreased
to 5 cd/em® and many dark spols appeared as deterioralion
of the device progressed, exhibiling a clear problem.

The water content contained in the sol-gel silicon oxide
film with a thickness of 0.2 um was 1.5% by weight. Also,
the pas permeability of the sol-gel silicon oxide film to
aqueous vapor and 10 oxygen was 107'? ccem/em®semHg or
more, showing that the protective layer produced by the
sol-gel method was inappropriate.

INDUSTRIAL APPLICABILITY

As is clear from the zbove cxplapations, the present
invention can provide a multi-color light emission apparatus
using an organic BL device having an excellent light emis-
sion life and excellent characteristics in the angle of view.
Also, the present invention can provide a process for manu-
facturing the multi-color light emission apparatus in a stable
and efficient manner.

Accordingly, (he present invention can be preferably

applied for thin type multi-color or full color displays of
various emission types,
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‘What is claimed is;

1. A multi-color light emission apparatus comprising a
supporl substrate, an organic electroluminescence (EL)
device disposed on the support substrate, and a fluorescent
layer disposed to correspond to a transparent electrode or
electrode ofthe organic EL device to absorb the light emitted
from the organic EL device and to emit visible fluorescent
light, wherein a transparent inorganic oxide substrate on
which the fluorescent layer is placed is disposed between the
crganic EL device and the fluorescent layer in such 2 manner
as to provide a gap between the Auorescent layer and the
organic EL device, and the organic EL device is sealed using
a sealing means between the transparent inorganic oxide
substrate and the support substrate.

2. The multi-color light emission apparatus according o
claim 1, wherein the fluorescent layer is separately disposed
op the transparent inorganic oxide substrate on the same

lane,
F 3. The multi-color light emission apparatus according to
claim 1 or 2,

wherein at least a transparent protective layer of the
fluorescent layer and a transparent substrate are farther
disposed on the finorescent layer.

4. The multi-color light emission apparatus according to
claim 1, wherein the thickness of the transparent inorganic
oxide substrate is in a range of from 1 to 200 pm.

5. The multi-color light emission apparatus according to
claim 1, wherein the transpareat inorganic oxide substrate is
made of a Iransparent glass plate.

6. A multi-color light emission apparatus comprising a
transparent support substrate, fluorescent layers separately
disposed on the transparent support substrate on the same
plane, and an organic electmoluminescence (BL) device
disposed on or above the fluorescent layers, the fluorescent
layers being disposed to correspond to a transparent elec-
trode or electrede of the organic EL device so that each of
lhe fluorescent layers absorbs the light emitted from the
organic EL device and emits different visible fluorescent
light, wherein a transparent and insulating inorganic oxide
layer with a thickness of from 0.01 to 200 pm s interposed
between the fluorescent layer and the organic EL device
wherein at least a transparent protective layer of the fluo-
rescent layers and a transparent adhesive layer are disposed
between the fluorescent Jayers and the trapsparent and
insulating inorganic oxide layer.

7. The multi-color light emission apparatus according to
claim 6, wherein the transparent and insulating inorganic
oxide layer is made of a wransparent and insulating glass
plate.

8. The multi-color light emission apparatus aceording to
claim 6, wherein the transparent inorganic oxide layer is
made from one or more compounds selected from a group
consisting of silicon oxide, aluminum oxide, end titanium
oxide,

9. The multi-color Jight emission apparatus according to
claim 6, wherein the transparent and insulating inorganic
oxide layer is produced by forming a film of one or more
compounds selected from a group consisting of silicon
oxide, aluminum oxide, and titaninm oxide on at least one of
the surface or back face of a trapsparcnt and jnsulating glass

late.
? 10. The multi-color light emission apparatus according to
claim 6, wherein the transparent and insulating inorganic
layer contains mainly an inorganic oxide.
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[57} ABSTRACT

A flat panel display comprising thin-film-transistor-
electroluminescent (TFT-EL) pixels is described. An
addressing scheme incorporating two TFTs and a storage
capacitor {s used to enable the EL pixels on the panel to
operate at a duty factor close to 100%. This TFT-EL device
eliminates the need to pattem the EL cathode. 'thus greatly
sxmphfymg the procedure to delineate the EL pixels as well
as ensuring high resolution. The TFT-EL panel consumes
less power than conventional TFT-LCD paiiels, especially
when the usage factor of the scresn-is Jess than unity.

12 Claims, 5 Drawing Sheets
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1

TFT-EL DISPLAY PANEL USING ORGANIC
ELECTROLUMINESCENT MEDIA

CROSS REFERENCE TO RELATED
APPLICATIONS

Reference is made to commonly assigned U.S. Ser. No.
08/355,786, now abandoned, entitled “An Electrolumines-
cent Device Having an Crganic Electroluminescent Layer”
by Tang et al and U.S. Sex. No. 08/355.940, now U.S. Pat.
No. 5.550.066, entitled “A Method of Fabricating a TFT-EL
Pixel” by Tang et al, both filed concurrently herewith. the
disclosures of which are incorperated herein.

FIELD OF THE INVENTION

The present invention relates to ao electrolwminescent
display panel employing thin-film-transistors (TFT) as
active-matrix addressing elernents, and organic electrolumi=
nescent thin films as the emissive medinm.

INTRODUCTION

Rapid advances in flat-pane] display (FPD) technologies
have made high quality large-area. full-coler. high-
resolution displays possible. These displays have enabled
novel applications in electronic products such as lap top
computers and pocket-TVs. Among these FPD technologies.
liquid crystal display (LCD} has emcrged as the display of
choice in the marketplace. It also sets the techaological
standard against which other FPD technologies are com-
pared, Bxarnples of LCD panels include: (1) 14", 16-color
LCD panel for work stations (IBM and Toshiba. 1989) (see

. K. Tchikawa. S. Suzuki, H. Marino, T. Aoki, T. Higuchi and
Y. Oano, SID Digest. 226 (1989)). (2) 6", full-color L.CD-
TV (Phillips, 1987) (see M. I. Powell. J. A. Chapman, A, G.
Knapp, I. D. French, J, R, Hughes. A. D. Pcarson. M.
Allinson, M. I. Bdwards, R. A, Ford, M. C. Hemmings, O,
F Hil. D. H. Nicholls and N. K. Wright. Proceeding,
International Display Conference. 63. 1987). (3) 4" full-
color LCD TV (model LQ424A01, Sharp. 1989) (see Sharp

L

)
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Corporation Technical Literature for model 1Q424A01), 40

and (4) 1 megapixel colored TFT-LCD (General Elsctric)
(see D. E. Castleberry and G. E. Possin, SID Digest. 232
(1988)). All references, including patents and publications,
are incorporated herein as if reproduced in foll below.

A common feature in these LCD panels is the use of
thin-film-transistors (TFT) in an active-addressing scheme.
which relaxes the limitations in direct-addressing (see S.
Morozumi. Advances in Electronics and Electron Physics,
edited by P. W, Hawkes. Vol. 77, Academic Press 1990). The
success of LCD technology is in large part due to the rapid
progress in the fabrication of large-area TFF (primarily
amorphous silicon TFT). The almost ideal match between
TFT switching characteristics and electrooptic LCD display
clements also plays a key role,

A major drawback of TFT-LCD panels is they require
bright backlighting. This is because the ransmission factor
of the TFT-LCD is poor. particularly for colored panels,
‘Typically the transmission factor is about 2-3 percent {see S.
Moroiumi. Advances in Electronics and. Electron Physics,
edited by P W, Hawkes, Vol. 77. Academic Press, 1990).
Power consumption for backlighted TFT-LCD panels is
considerable and adversely affects portable display applica-
tions reguiring battery operation.

The need for backlighting also impairs miniaturization of
the fiat panel. For cxample. depth of the panel must be
increased to accommodate the backlight unit. Using a typi-
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cal tubular cold-cathode lamp, the additional depth is about
% to 1 inch. Backlight also adds extra weight to the FPD.

An ideal solution to the foregoing limitation would be a
low power emissive display that eliminates the need for
backlighting, A particularly atiractive candidate is thin-film-
transistor-electroluminescent (TFT-EL) displays. In TFT-EL
displays. the individual pixels can be addressed to emit light
and auxiliary backlighting is not required. ATFI-EL scheme
was propased by Fischer in 1971 (see A. G. Fischer, IEFE
Trans. Electron Devices, 802 (1971)). In Fischer's scheme
powdered ZnS is used as the BL mediwn.

In 1975. a suceessful prototype TFT-EL panel (6") was
reportedly made by Brody et al, using ZnS as the EL element
and CdSe as the TFT material (see T. P. Brody, F. C. Luo, A.
P. Szepesi and D. H. Davies, JEEE Trans. Electron Devices.,
22, 739 (1575)). Because ZnS-EL required a high drive
voltage of more than a hundred volts. the switching CdSe
TFT element had to be designed to handle such a high
voltage swinp. The reliability of the high-veltage TFT then
became suspect. Ultimately, ZnS-based TFT-EL failed to
successfully compete with TFT-LCD. U.S. Patents describ-
ing TFT-EL technology include: U.S, Pat. Nos. 3,807.037;
3,885.196: 3.913.090; 4.006.383; 4,042.854; 4,523,189; and
4,602,192.

Recently. organic EL materials have been devised, These
materials suggest themselves as candidates for display
media in TFT-EL devices (see C. W. Tang and 8. A.
VanSlyke. Appl. Phys. Lett.. 51, 913 (1987), C. W. Taog, S.
A, VanSlyke and C. H. Chen, I. Appl. Phys., 65, 3610
(1989)). Organic EL. media have two important advantages:
they are highly sfficient; and they have low voltage requira-
meats, The latter ch istic distinguishes over other
thin-film emissive devices. Disclosures of TFT-EL devices
in which EL is an organic material include: U.S, Pat, Nos,
5.073.446; 5.047.687. 5.059.861; 5.294,870; 5,151.629;
5.276.380; 5.061.569; 4.720.432; 4.539.507; 5,150.006;
4.950.950; and 4.356.429.

The particular properties of organic Bl material that make
it ideal for TFT are sunmarized as follows:

1) Low-voltage drive, Typically, the organic EL cell
requires a voltage in the range of 4 to 10 volts depend-
ing on the light output level and the cell impedance.
The voltage required to produce a brightness of abont
20 fL is about § V. This low voitage is highly attractive
for a TFI-EL panel, as the need for the high-voltage
TFT is eliminated. Furthermore, the organic EL cell can
be driven by DC or AC. As a result the driver circuity
is less complicated and less expensive.

2) High efficiency. The luminous efficiency of the organtc
EL cell is as high as 4 lumens per wait. The curent
density to drive the EL cell to produce a brightuess of
20 fL is about 1 mAfcm®. Assuming a 100% duty
excitation, the power needed to drive a 400 cr? full-
page pancl is only about 2.0 watts. The power need will
certainly meet the portability criteria of the flat panel
display.

3) Low temperature fabrication. Organic EL devices can
be fabricated at about room temperature. This is a
significant advantape compared with inorganic emis-
sive devices, which require high-temperatre (>300°
C.) processing. The high-temperature processes
required to make inorganic BL devices can be incom-
patible with the TFT.

The simplest drive scheme for an organic EL paeel is to

have the organic display medijum sandwiched between two
sets of orthogonal electrodes (rows and columns). Thus, in
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this two-terminal scheme, the EL element serves both the
display and switching functions, The diode-like nonlinear
carrent-voltage characteristic of the organic EL element
should, in principle, permit a hiph degree of multiplexing in

this mode of addressing. However, there are several major 5

factors limiting usefulness of the two-terminal scheme in
connection with organic EL:

1) Lack of memory. The rise and decay time of the organic
EL is very fast, on the order of microseconds, and it
does not have an intrinsic memory. Thus, using the
direct addressing method. the EL elements in a selected
row would have to be driven to produce an instanta-
neous brightness proportional to the number of scan
rows in the pancl. Depending on the size of the panel,
this instantaneous brightness may be difficult to
achieve. For example, consider a panel of 1000 scan
rows operating at a frame rate of Vs seconds. The
allowable dwell time per row is 17 ps. In order to obtain
a time-averaged brightness of, for example, 20 Fl, the
instantaneous brightness during the row dwell time
would have to be a thousand times higher. i.e.. 20.000
Fl, an extreme brightness that can only be obtained by
operating the organic EL ceil at 2 high current density
of about 1 Afcm® and a voltage of about 15-20 volts.
The leng-term reliability of a cell operating under these
extreme drive conditions is doubtful,

2) Uniformity. The current demanded by the EL elements
is supplied via the row and columa buses. Because of
the instantaneous high current, the IR potential drops
along these buses are not insignificant compared with
the EL drive voltage. Since the brightness-voltage
characteristic of the EL is nonlinear. any variation in
the potential along the buses will result in a pon-
uniferm light output.

Consider a panel witih 1000 rows by 1000 columns with
a pixel pitch of 2001200y and an active/actual area
ratio of 0.5. Assuming the column electrode is indium
tin oxide (ITO) of 10 ohms/square sheet (Q/3)
resistance. the resistance of the entire ITO bus line is at
least 10.000 ohrms. The IR drop along this bus line for
ap instantaneons pixel current of 800 pA (2 Alem®) is
more than 8 volts. Unless a constant current source is
implemented in the drive scheme. such a large potential
drop along the ITO bus will cause unacceptable pon-
upiform light emission in the pancl. In any case. the
resistive power loss in the bus i§ WasStEfill. A Similar
apalysis can be performed for the row electrode bus
that has the additional burden of carmrying the total
current delivered to the entire row of pixels during the
dwell time, ie. 0.8 A for the 1000-column panel.
Assuming a 1 pum thick aluminum bus bar of sheet
resistznce about 0.028 chms/square the resultant TR
drop is about 11 volts, which is also unacceptable.

3) Electrode patterning. Ope set of the orthogonal
electrodes, the anode—indium tin oxide, can be pat-
terned by a conventional photolithographic method
The patterning of the other set of electrodes however.
presents a major difficulty peculiar to the organic EL
device. The cathode should be made of a metal having
a work function lower than 4 eV. and preferably mag-
nesium alloyed with another metal such as silver or
aluminum (see Tang ¢t al., U.S. Pat. No. 4.885432).
The magnesium-based alloy cathode deposited on top
of the organic layers cannot be casily patterned by any
conventional means involving photoresists. The pro-
cess of applying the photoresist froman organic solvent
on the EL cell deleteriously affects the soluble organic
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layer npderneath the magnesium-based alloy layer.
This causes delamination of ihe organic layers from the
subsirate.

Another difficulty Is the exireme sensitivity of the cathode
to moishire. Thus, even if the photoresist can be sue-
cessfully applied and developed without pertirbing the
organic layers of the EL cell, the process of etching the
magnesium-based alloy cathode in aqueous acidic solu-
tion is likely to oxidize the cathode and create dark
spots.

SUMMARY OF THE INVENTION

The present invention provides an active matrix
4-terminal TFT-EL device in which organic material is used
as the EL medium. The deviee compdses two TFIs, &
storage capacitor and a light cmiiting organic EL pad
arranged on 2 substrate. The EL pad is clectrically connected
to the drain of the second TFT. The first TFT is electrically
connected to the gate electrade of the second TFT which in
turn js clectrically d to the itor so that fol-
lowing an excitation signal the second TFT is able to supply
a nearly constant current to the EL pad between signals. The
TFT-EL davices of the present invention are typically pixels
that are formed into a flat panel display. preferably 2 display
in which the EL cathode is a continuous layer across all of
the pixels.

‘The TFT-organic EL device of the present invention are
formed in a multi-step process as described below:

A first thin-film-transistor (TFT1) is disposed over the top
surface of the substrate, TFT1 comprises a source electrode.
a drain electrode, a pate dielectric, and a gate electrode; and
the gate electrode comprises a portion of a gate bus. The
source clectrode of TFT1 is electrically conuected to a
source bus.,

A second thin-film-transistor (TFT2) is also disposed over
the top surface of the substrate, and TFT2 also comprises a
source electrode. a drain clectrode. a gate dielectric, and a
gate electrode, The gate elecrode of TFTZ2 is electrically
connected to the drain clectrode of the first thin-fiim-
transistor.

A storage capacitar is also disposed over the top surface
of the substrate, During operation, this capacitor is charged
from an excitation signal source through TFT1, and dis-
charges during the dwell time to provide nearly constant
potential to the gate electrode of TFT2.

An apode layer is electrically conpected to the drain
electrode of TFT2. In typical applications where light is
emitted through the substrate. the display is a transparent
material such as indium tin oxide.

A dielectric passivation layer is deposited over at least the
source of TFT1, and preferably over the entire surface of the
device. The dielectric passivation layer is ctched to provide
an opening over the display anode.

An organic electroluminescent layer is positioned directly
on the top surface of the anode layer. Subsequently, a
cathode layer is deposited directly on the top surface of the
organic electroluminescent layer.

In preferred embodiments, the TFT-EL device of the
present invention is made by a method using low pressure
and plasma enhanced chemical vapor deposition combined
with low temperature (i.e. less than 600° C.) arystallization
and annealing steps, hydropen passivation and conventional
patterning techniques.

The thin-film-transistors are preferably formed simulta-
neously by a multi-step process involving:

IPR2020-01059
Apple EX1002 Page 200




5,684,365

5
- the deposition of silicor that is patterned into polycrys-
- talline silicon islands;

chemical vapor deposition of a silicon dioxide gate elec-

trode; and

deposition of another polyerystalline silicon layer which

is patterned to form a self-aligned gate electrode so that
after jon-implantation a sourcc, drain, and gatc elec-
‘rode are formed o cach thin-film-transistor.

The construction of pixels having thin-film-transistors
composed of polycrystalline silicon and silicon dioxide
provides improvements in device performance, stability,
reproducibility. and process cfficiency over other TFTs. In

comparison, TFTs composed of CdSe and amorphous silicon -

suffer from low mobility and threshold drift effect, :
There are several important advantages in the actual panel

construction and drive arrangement of a TFT-organic EL

device of the present invention:

1) Since both the orpanic EL pad and the cathode are
continuous: layers. the pixel resolution is defined only
by the feature size of the TFT and the associated
display ITO pad and is independent of the organic
cornponent or the cathode of the BL cell.

2) The cathode is continnous and cornmen to all pixels. It
requires no patterning for pixel definition. The diffi-
culty of patterning the .cathode in the two-terminal
scheme is therefore eliminated.

3) The number of scanning rows is no longer limited by
the short row dwell time'in a frame period, as the
addressing and excitation signals are decoupled. Bach
scan row is operated at close to 100% duty factor. High
resolution can be obtained since a large number of scan
‘Tows can be incorporated into a display pan:l while

* maintaining uniform intensity.

.- 4) The reliability of the orpganic EL element is enhanced
since it operates at a low current density (1 mA/cm-)
and voltage (5 V) in 2 100% duty factor.

" 5) The IR poteatial drops along the buses are insignificant

- because of the use of a common cathode and the low
current density required to drive the EL elements.
Therefore the panpel uniformity is not significantly
affected by the size of the pancl.

 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1'is a st;.h_nmatic diagram. of ap active matrix
- 4-terminal TFT-EL device, T1 and T2 are thin-film-
transistors, Cs is a capacitor and EL is an electroluminescent
layer.

FIG. 2 is a diagrammatic plan view of the 4-tcrm1.na1

“TFT-EL device of the present invention.

FIG. 3 is a cross-sectional wew taken along the line A-A'
in FIG. 2,

. FIG. 4 is a cross-sectional view taken along the l.meA Al
illustrating the process of forming a self-aligned TFT ‘struc-
fure for ion implantation.

FIG. 5 is a cross-sectional view taken along the line A-A',
illustrating the processing steps of depositing a passivation
oxide layer and opening contact cuts to the source and drain
regions of the thin-fiim-transistor.

FIG. 6 is a cross-sectional view taken along line A-A',
illustrating deposition of an aluminum electrode.

FIG. 7 is a aross-sectional view taken along line A-A',
illustrating deposition of the display anode and a passivation
layer that has been partially etched from the su.tface of the
display anode.

a
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FIG. 8 is a cross-sectional view taken along line A-A',
illustrating the steps of depositing an electroluminescent
layer and a cathode.
FIG. % is a cross-sectional view taken along line B-B' in
FIG. 2. '

DETAILED DESCRIPTION OF THE
INVENTION

FIG, 1 shows the schematic of an active mafrix 4-terminal
TFT-EL display device. Each pixel element includes two
TFTs, a storage capacitor and an EL element. The major
feature of the 4-terminal scheme is the ability to decouple
the addressing signal from the EL excitation signal. The EL
clement is selected via the logic TFT (T1) and the excitation
power to the EL element is controlled by. the power TFT
(T2). The storage capacitor enables the excitation power to
an addressed EL elernent 1o stay on once it is selected. Thuos,
the eircuit provides a memory that allows the EL element to
operate at a duty cycle close to 100% rcgardless of the u.mc
allotted for addressing, '

The construction of the electroluminescent dcvwc of the
present invention ‘is illustrated in FEG3S. 2.and 3. The
‘substrate of this device is an -insulating and preferably
transparent material such as quartz .or a low temperature
glass. The term transparent, as it js used in the present

-disclosuré. means ‘that the component transmits sufficient

light for practical use in a display device. For example,
components transmitting 50% or more of light in a desired
frequency range are considered transparent. The termi low
temperature glass refers to plasses that melt or warp at
tcmperatur:s ahove about 600° C. L

- In the TFT-EL device xllusb:at:d in FIG. 2. TFT1 is the -
logic transistor with the source bus {column electrode) as the
data line' apd the gate bus (row elccn'odc) -as the gate line,
TET2 .is the EL power transistor in .serjes with the EL
element. The gate line of TFI2 is connectcd to the drain of
TET1. The storage capacitor is in series with TFT1, The
anode of the EL element is connected to the drain of TFT2,

The construction of the TFT-EL of FIG. 2 is shown in
cross-sectional view in FIGS. 3-9. The cross-sectional
views shown in FIGS. 3-8 are taken along séction line A-A'
in' FIG. 2. The cross-sectional vxew m FIG. 9 is taken along

‘..lchB in FIG. 2, -

a5

[In the first processmg step. a polysl.hcon .layer is dcposm:d
over a transparent. insulating substrate 41 and the polysili-

- con. layer is pattemed ioto an island 48 (see FIG. 4) by
_ photolithography, The substrate may be erystalline material

50

60

such as ‘quartz. but preferably is a less expensive material
such as low temperatuce glass. When a glass substrate is
utilized. it is. preferable that the entire fabrication of the
TFT-EL be camried out at low processing temperatures to
prevent melting or warping of the glass and to prevent
out-diffusion of dopants into the active region. Thus, for
glass substrates. all fabrication steps should be conducted
below 1000° C. and preferably below 600° C.- * .

Next.-an insulating gate material 42 is deposited over the
polysilicon island and over the surface of the .insulating
substrate. Insulating material is preferably silicon dioxide
that is deposited by a chemical vapor deposition (CVD)
technique such as plasma enhanced CVD (PECYD) or low
pressure CVD (LPCVD). Prefetably. the gate oxide insulat-
ing layer is about 1000 A in thickness.

In the next step, a layer of silicon 44 is deposited over the
gate insulator layer and patterned by photolithography over
the polysilicon island such that after ion implantation.
source and drain regions are formed in the polysilicon
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island. The gate electrode material is preferably polysilicon
formed from amorphous silicon. Ion implantation is con-
ducied with N-type dopants, preferably arsenic. The poly-
silicon gate electrode also serves as the bottom electrode of
the capacitor (see FIG. 9).

In & preferred embodiment of the present invention, the
thin film trapsistors do not utilize a double gate structure.
Thus manufacturing is made iess complex and less expen-
sive.

A gate bus 46 is applied and patterned on the insulating
layer. The gate bus is preferably a metal silicide such as
mngsten silicide (WSi,).

In the next step, an insulating layer, preferably silicon
dioxide, 52 is applied over the entire surface of the device,

Contact holes 54 and 56 are cut in the second insulating
layer (see FIG. 5} and electrode materials are applied to form
contacts with the thin-film-transistars (see FIGS. 6 and 7).
The electrode material 62 attached to the source region of
TFT?2 also forms the top electrode of the capacitor (see FIG.
9). A source bus and ground bus are also formed over the
second insulating layer (see FIG. 2). In contact with the
drain region of TFT2 is a transparent ¢lectrode material 72.
preferably ITO, which serves as the anode for the organic
electrolumincscent material.

In the next step, a passivating layer 74 of an ipsulating
matezial, preferably silicon dioXide, is deposited over the
surface of the device. The passivation layer is etched from
the ITO anode leaving a tapered edge 76 which serves to
improve the adhesion of the subsequently applied organic
electroluminescent layer. A tapered edge is necessary to
produce reliable devices because the preseat invention uti-
lizes relatively thin organic EL layers, typically 150 to 200
om thick. The passivation layer is typically about 0.5 to
about 1 micron thick. Thus. if the edge of the passivation
layer forms a perpendicular or sharp angle with respect to
the anode layer., defects are likely to occur due to disconti-
nuities In the organic EL layer. To prevent defects the
passivation layer should have a tapered edge. Preferably the
passivation layer is tapered at an angle of 10 to 30 degrees
with respect to the anode layer.

The organic electroluminescent layer 82 is then deposited
over the passivation layer and the EL ancde layer The
materials of the organic EL devices of this invention can take
any of the forms of conventional organic EL devices. such
as those of Scozzafava EPA 349265 {1590); Tang U.S. Pat.
No. 4.356429; VanSlyke et at, U.S, Pat. No. 4,539.507;
VanSlyke et at, U.S. Pat, No. 4.720,432: Tang et al, U.S. Pat,
No. 4.769.292; Tang et al. U.S. Pat. No. 4.885.211; Perry et
al. U.S, Pat. No. 4.950.95(; Littman et al. U.S. Pat. No.
5.059.861; VanSlyke U.S. Pat. No. 5.047.687; Scozzafava et
al, U.S. Pat. No. 5.073.446; VanSlyke et al, U.S, Pat. No.
5.059,862; VanSlyke et al. U.S. Pat. No. 5.061.617;
VanSlyke U.S. Pat. No. 5.151.629; Tang et al. U.S, Pat. No.
5.294.869; and Tang ct al. U.S. Pat. No. 5.294.870. the
disclosures of which are incorporated by reference. The EL
layer is comprised of an organic hole injecting and trans-
porting zohe in contact with the anode. and an electron
injecting and transporting zone forming a junction with the
organic hole injecting and transporting zone. The hole
injecting and transporting zone can be formed of a sinple
material or multiple materials. and comprises a hole inject-
ing layer in contact with the anode and a contiguous hole
transporting layer interposed between the hole injecting
layer and the eleciron infecting and transporting zone.
Similarly, the electron injecti ng and transporting zone can be
formed of a siogle material or moulifple materals, and
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comprises an electron injecting layer in contact with the
cathode and a contiguous electron transparting layer that is
interposed between the electron injecting layer and the hele
injecting and transporting zone. Recombination of the holes
and electrons, and luminescence, ocetirs within the clectron
injecting and transporting zone adjacent the junction of the
electron injecting and transporting zone and the hole inject-
ing and transporting zone. The cormponents making up the
organic EL layer are typically deposited by vapor
deposition, but may also be deposited by other conventional
techniques. ’

In a preferred embodiment the organic material compris-
ing the hole injecting layer has the general formula:

Tz Ty
T Y, T
N, >/N =
Q Q
N ~a

4 T
T Q

Ti Tz

. T, N
WHEITin:

Qis Nor CR)
M is a metal. metal oxide or metal halide

R is hydrogen. alkyl, aralkyl. aryl or alkaryl, and

T. and T, represent hydrogen or together complete an
nasaturated six membered ring that can include sub-
stituents such as alkyl or halogen. Prefred alkyl moi-
cties contain from about 1 to 6 carbon atoms while
phenyl constitutes a preferred aryl moiety.

In a preferred embodiment the hole transperting layer is

an aromatic tertiary amine. A preferréd subelass of arcmatic.

tertiary amines include tetraaryldiamines having the for-
mula: ’
Rz Re
N—Are,—N,
AR Re

£
wherein

Are is an arylene-group,

n is an integer from 1 to 4, and

Ar, R,. Ry and R are independently selected aryl groups.

In a preferred embodiment, the luminescent, electron
injecting and transporting zone contains a metal oxinoid

compournd. A preferred example of 2 metal oxinoid com-
pourd has the general formula:
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r Re Re 1 [ Ry Re 1
Ry -0 , Rs
>A|—0—A.|<
A 7 Y
\)
L & Ra d: L & * d:

wherein R,-R, represent substitutional possibilities. In
another preferred embodiment, the metal oxinoid compound
has the formula:

"
r Rg Ry
iy Ly
Rg 0y
|- Al—0 La.
R N
\ Ls L
R R:
h ! ) P oda

wherein R,-R; are as defined above and L,-Lg collectively

contain twelve or fewer carbon atoms and each indepen-

dently represent hydrogen or hydrocarbon groups of from 1

to 12 carbon atoms, provided that L, and L, together or L,

and L, together can form a fused benzo ring. In another

{_xeferred embodiment. the metal oxinoid compound has the
ormula:

.
Re R ]
Ry LeIN
A
Ry \ N
3 Fa L]

wherein R,-Rg represent hydrogen or other substitutional
possibilities.

The foregoing examples rerely represent some preferred
organic materials used in the electroluminescent layer, They
are not intended to limit the scope of the invention, which is
directed to organic electroluminescent layers generally, As
can be seen from the foregoing examples. the organic EL
material includes coordination compounds having organic
ligands. The TFT-EL device of the present invention does
not include purely inorganic materials such as ZnS,

In the next processing step, the EL cathode 84 is deposited
over the surface of the device. The EL cathode may be any
electronically conducting material, however it is preferable
that the EL cathode be made of a material having a work
function of less than 4 eV (see Tang et al. U.S. Pat. No.
4.885.211), Low work function metals arc preferred for the
cathods since they readily release electrons into the electron
transporting layer. The lowest work function metals are the

th

15

b

o

w
=3

w
in

45

60

&5

10

alkali metals; however, their instability in air render their use
impractical in some situations. The cathode material is
typically deposited by physical vapor deposition, but other
suitable deposition techniques are applicable. A particularly
desirable material for the EL cathode has been found to be
a 10:1 (atoric ratio) magnesium:silver alloy. Preferably, the
cathode is applied as a continuous layer over the entire
surface of the display panel. In another embodiment, the EL
cathode is a bilayer composed of a lower layer of a low work
funetion metal adjacent to the organic electron injecting and
transporting zone and, overlying the low work function
metal. a protecting layer that protects the low work function
metal from oxygen and humidity. Optionally, a passivation
layer may be applied over the EL cathode layer.

Typically, the anode material is transparent and the cath-
ode material opaque so that light is transmitted through the
anode material. Bowever, in an alternative embodiment,
light is emnitted through the eathode rather than the anode, In
this case the cathode must be light transmissive and the
anode may be opagye. A practical balance }ight transmission
and techaical conductance is typically in the thickness range
of 5-25 nm.

A preferred method of making a thin-film-transistor
according to the present invention is described below. In a
first step. an amorphous silicon film of 2000420 A thickness
is deposited at 550° C. in an LPCVD system with silane as
the reactant gas at a process pressure of 1023 mTorr. This is
followed by a low femperature anncal at 530° C. for 72
hours in vacuum to crystallize the amorphous silicon fitm
into 2 polycrystalline film. Then a polysilicon island is
foimed by etching with a mixture of SF; and Freon 12 in a
plasma reactor. Onto the polysilicon island active layer is
deposited a 1000220 A PECVD 8i0, gate dielectric layer.
The gate dielectric layer is deposited from a 5/4 ratio of
N,0/SiH, in a plasma reactor at a pressure of 0.8 Torr with
a power level of 200 W and a frequency of‘450 KHz at 350°
C. for 18 minutes. o

In the next step an amorphous silicon layer is deposited
over the PECVD pgate insulating layer and converted to
polycrystalline silicon using the same conditions as
described above for the first step. A photoresist is applied
and the second polysilicon layer is etched to form a self-
aligned struemure for the subsequent ion implantation step.
The second polysilicon layer is preferably about 3000 A
thick

Ton implantation is conducted by doping with arsenic at
120 KeV at a dose of 2x10**/em? to simultaneously dope the
source. drain and gate regions. Dopant activation is carried
out at 600° C. for two hours in a nitrogen atmosphere.

In the next step. a 5000 A thick silicon dioxide layer is
deposited by coaventional low temperature methods. Alu-
minrum contacts are formed by a physical vapor deposition
and sintered in forming gas (10% H,. 90% N,) for thity
minutes at 400° C.

Finally, hydrogen passivation of the thin-film-transistor is
carried out in an electron eyclotron resonance reactor (BCR).
ECR hydrogen plasma exposure is conducted at a pressure
of 1.2x10™* Tomr with a microwave power ievel of 900 W
and a frequency of 3.5 GHz. Hydrogen passivation is
performed for fifteen minutes at a substrate temperature of
300° C. This procedure results in a thin-film-transistor
device having a low threshold voltage, a high effective
carrier mobility and an excellent on/off ratio.

As an example of characteristics of the present invention.
consider the drive requirements for the following TFT-EL
panel:
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Number of rows = 1000
Number of coturns = 1003
Pixe! dimension = 200 pm % 200 ym
EL fill-factor = 0%
frame time = 17 ms
row dwell time = 17 ps
Avg brightness = 20 fL
EL pixel current = 038 pA
Duty cycle = 100%
EBL power source = 18 v mos

These drive requirements are met by the following speci-
fications for the TFTs and the storage capacitor:

TFT1

Gate voltage = v

Sowrec voltage = ny

Cn-current = 2pA

Off-cument = 1071 ATFT2

Gate voliage = v

Souree voltage = 5V .

On-cument = 2 X EL pixel current
= 1.6 uA

Off-current = 1pA

Storage capacitor:

Size = 1pf

The on-current requirement for TFT1 is such that it is
large enough to charge up the storage capacitor during the
row dwell time (17 ps) to an adequate voltage (L0 V) in order
to tumn on the TFT2, The off-current requirement for TFT1
is such ihat it {5 smalt ewough that ihe voliage drop on ic
capacitor (and TFT2 gate) during the frame period (17 ms)
is less than 2%.

The on-current requirement for TFT2 is (designed to be)
about Z times the EL pixel current, 1.6 pA., This factor of two
allows for adequate drive current to compensate for the
gradual degradation of the ozganic BL element with opera-
tion, The off-current of TFT2 affects the contrast of the
pancl, An off-current of ! nA should provide an op/off
contrast ratic greater than 500 betweer a Iit and an unlit BL
element, The actual contrast ratio of the panel may be lower.
depending on the ambient lighting factor.

For a full page panel of 400 cm® the power required by the
EL elements atone is about 4 watts,

Power = 400¢m? X 10 v X Q.00 Afem?
= 4 watis

This power consumption excludes the power consumed by
the TFTs. Since TFT2 is {n series with the EL element. any
source-drain voltage drop across TFT2 will result in sub-
stantial power loss in the TFT2. Assuming a source-drain
voltage of § velts, the total power loss on TFT2 is 2 watts.
The power consumption for TFT1 is estimated to be no
greater than 1 watt for the 1000x1000 panel. The power
needed for the row (gate) drivers is negligible, on the order
of 1 few tens of milliwatts, and the power for the columa
(sonrce} drivers is on the order of (.5 watt (see S, Morozumi.
Advances in Electronics and Elcctron Physics, edited by P.
'W. Hawkes, Vol. 77, Academic Press, 1990). Thus. the total
power consumption for a full page TFT-EL panel is about 7
walts. Realistically, the average power consumption would
be much less since the EL screen is not 100% on in average

. usage.

The TFT-EL panel of the present invention has two
important advantages in terms of power requirements over

2

TFT-LCD panels. First, the TFT-EL power need is reletively
independent of whether the panel is monochrome or multi-
color, provided that the color materials have a similar
luminescent efficiency. In contrast, the TFT-LCD colored
panel requires a much higher power than the monochrome
panel because the transmission factor is greatly reduced in
the colored panel by the color filter arrays. Second, the LCD
backlight has to stay on regardless of the screen usage factor,
In contrast, the TFT-EL power consumption is highly depea-
10 denton this usage factor. The average power consurnption is
much less since less than 100% of the EL screen is emitting
at any given time in typical applications. ]

The invention has been described in detail with particular
reference to prefered embodiments thereof. but it will be
undexstood that variations and modifications can be effected
within the spirit and scope of the invention.

w

-
w

Parts List
20 42 gate material
a4 silicon layer
46 . gate bus
52 insulating layer
54 cantact hole
36 contast hale
25 62 ¢lectrode material
12 eleetrode material
74 passivating layer
76 tapered edge
82 EL layer
84 EL cathode

w

o

We claim:

1. An clecwolumingscent flat panel display comprising:
substrate having top and bottom surfaces; and having dis-
posed on said subsirate a plurality of pixels. each of said
pixels comprising:

a) a first thin-film-transistor disposed over the top surface
of said substrate, wherein said first thin-film-transistor
comprises a source electrode, a drain electrode, a gate
diclectric, and a gate electrode; and wherein said gate
electrode comprises a portion of a gate bus;

b) a2 second thin-film-transistor disposed over the top
surface of said substrate; wherein said second thin-
film-transistor comprises a source electrode, a drain
electrode, a gate dielectric. and a gate electrode;
wherein said gate electrade is electrically connected to
said drain electrode of said first thin-film-transistor;

c) a capacitor disposed over the top surface of said
substrate; said capacitor comprising top and bottom

50 electrodes:
d) a display anode layer electrically connected to said
drain elecirode of said second thin-film-transistor;
¢) a dielectric passivation layer overlying said first and
second thin-film-transistors and said capacitor; said
55 dielectric passivation layer having an opening over said
anode layer; and further wherein said passivation layer
has a tapered edge at said opening such that the bottom
edge of said passivation layer extends further over said
anode layer than does the top edge of said passivation
&0 layer wherein said tapered edge is tapered at an angle
of 10° to 30° with respect to the surface of said anode
layer;
f) an organic clectroluminescent layer positioned directly
on the top surface of said anode layer; wherein said
65 organic electrojuminescent layer is insulated from said
first and second thin-film-transistors, and said
capacitor. by said passivation layer; and

35

45
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£) a cathode layer positioned directly on the top surface of

said organic clectroluminescent layer;

and further comprising a plurality of column leads con-

nected to the source electrode of said first thin-film-
transistor on cach pixel and a plurality of row leads
connecied to the gate electrode of said first thin-film
transistor on each pixel and a plurality of ground leads
connected to said capacitor of each pixel.

2. The flat panel display of claim I wherein said cathode
layeris a contiguous sheet overlying said plaratity of pizels.

3. The flat panel display of claim 1 whereir said cathode
layer consists of a material having a work function of less
than 4 V.

4. The fiat panel display of claim 1 wherein said arganic
electroluminescent layer is a contiguous sheet overlying said
plurality of pixels,

5. The flat panel display of claim 1 wherein said substrate
is a glass matetial forming the front screen of said flat panel
display.

6. The flat panel display of claim § wherein said glass
materia] is a sjlica-based low temperature glass.

7. The flat panel display of claim 2 wherein said substrate
is a low temperature glass.

-
o

-
n

14

8. The flat panel dispiay of claim 7 whercin said plurality
of pixels are powered by a potential of less than 10 volts,

9. The flat panel display of claim 8 wherein said potential
is about 5 volts. and the current density is about 1 mA/cm?.

10. The flat panel display of claim 1 whercin said capaci-
tor has a storage capacity of about 1 pf.

11, The flat panel display of claim 1 having 1000 rows and
1000 columns, and wherein said each of said pixels is about
0.2 mmx0.2 mm and having a time-averaged brightness of
about 20 fL and a power consumption of less than about 7
walts during operation.

12, The flat panel dispiay of claim 2 wherein said top
electrode of said capacitor is electrically connected to said
source electrode of said second thin-film-transistor, and
wherein said bottom electrode of said capacitor comprises a
polysiticon layer: and further whersin said gate electrode
comprises a polysilicon layer wherein said bottom electrode
and said gate electrode are parts of the same polysilicon
layer.
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[57] ABSTRACT
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source, and this novel organic electroluminescent de-
vice overcomes the conventional problem of an organic
electroluminescent device having a laminated structure
in which at least 2 light-emitting layer formed of a lumi-
nescent organic solid is placed between two mutuatly
opposing electrodes, i.e., a short life, by having a film of
an electrically insulating polymer compound as a pro-
tection layer provided on the cuter surface of the above
laminzted structvre. In producing the novel organic
electroluminescent device disclosed herein, particularly
preferably, the above laminated structure is prepared in
a continuows vacunm environment as a series at least
from the formation of the light-emitting layer to the
formation of the electrode on the light-emitting Jayer
directly or through the electron-injecting layer or the
hole-injecting layer as a series, and then the above pro-
tection layer is formed in a vacuum environment contin-
ued from the above vacoum environment.
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ORGANIC ELECTROLUMINESCENCE DEVICE
WITH A FLUORINE POLYMER LAYER

TECHNICAL FIELD

The present invention relates to an electrolumines-
cence device (to be referred to as “EL device” hereinaf-
ter) such as an electroluminescence element and an
clectrolaminescence lamp and it particularly relates to
an organic EL device.

TECHNICAL BACKGROUND

An EL device, which can be largely classified into an
inorganic EL device and an organic EL device, has
high visibility due to its self-emission, and is excellent in
impact resistance and easy to handle since it is 2 com-
pletely salid device. For these reasons, research, devel-
opment and practical utilization thereof as a pixel for
graphic display, a pixel for a television image display
device or a surface light source are under way.

An crganic EL device has 2 laminated structure in
whick a light-emitting layer formed of a fluorescent
organic solid such as anthracene, ete., and a hole-inject«
ing layer formed of tripherylamine, ste., are provided,
a light-emitting layer and an electron-injecting layer
formed of a perylene derivative, etc., are provided, ora
hole-injecting layer, a light-emitting layer and an clec-
tron-injecting layer are provided, between two elec-
trodes (the electrode on the light-emitting side is a trans-
parent electrode). This laminated structure is generally
formed on a substrate,

Such an organic EL device utilizes light emission
caused when electrons injected into a light-emitting
Jayer and holes are recombined. Therefore, an organic
EL device has advantages that it can be actuated at a
Iow voltage, e.g., 4.5 V and response is fast by decreas-
ing the thickness of the light-emitting layer, and it also
has zdvantages that it gives a high-brightness EL device
since the brightness is in proportion to an injected elec-
tric current. Further, by changing the kinds of fluores-
cent organic solids of which the light-emitting layer is
to be formed, light emission is obtained in all the ¢colors
in the visible regions of blue, green, yellow and red.
Since an organic EL device has these advantages, par-
ticularly an advantage that it can be actuated at a low
valtage, studies thereof for practical use are nnder way
at present.

Meanwhile, a fluorescent organic solid used as a ma-
terial for forming the light-emitting layer of an organic
EL device is susceptible to water, oxygen, etc. Further,
an electrode (to be sometimes referred to as “opposite
electrode™ hereinafter), which is formed on a light-emit-
ting layer directly or through a hole-injecting layer or
an electron-injecting layer, is liable to deteriorate in
properties due to oxidation. As 2 result, when a conven-
tional EL. device is actuated in the atmosphere, its life as
a device is short. Therefore, in order to obtain & practi-
cally usable organic EL device, it Is required to increase
the life thereof by protecting the device so that water,
oxygen, etc., do not infiltrate the light-emitting layer
and that the oppesite electrade does not undergo oxida-
tion.

However, no cffective protection method has been
developed for the organic EL device. For example,
when a methad of protecting (sealing) an inorganic EL
device, i.e,, a method In which aback-surface glass plate
is provided outside a back electrode (opposite elec-
trode) and a silicone oil is placed between the back

ST
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electrode and the back-surface glass and sealed, is ap-
plied to the crganic EL device, the silicone oil infil-
trates the light-emitting layer through the opposite elec-
trode or through the opposite electrode and the hole-
injecting Jayer or the electron-injecting layer, and the
light-emitting layer is altered due to the silicone oil.
Therefore, the organic EL device immensely deterio-
rates in light emission properties, or no longer emits
light When 2 resin coating layer generally used for
mechanical protection (the solvent for the coating solu-
tion is & cyclic ether-containing solvent such as tetrahy-
droforan, etc., a halogen-containing sclvent such as
chloroform, dichloromethane, etc., or an aromatic hy-
drocarbon-based solvent such as benzeae, toluene, xy-
lene, etc.) is applied to tile protection of the organic EL
device, the solvent used in the resin coating solution
infiltrates the light-emitting layer like the above silicone
oil. Therefore, the organic EL device greatly deterio-
rates in light emission properties, or does not at all emit
light.

1t is therefore an object of the present invention to
provide an organjc EL device which can be produced
so that it structurally has a long life.

DISCLOSURE OF THE INVENTION

The organic EL device of the present invention
which achieves the above object has a characteristic
feature in that the organic EL device having a lami-
nated structure, in which at leact a light-emitting layer
formed of a luminescent organic solid is placed between
two mutually opposing electrodes, has a film of an elec-
trically insulating polymer compound as a protection
layer on an outer surface of the above laminated struc-
ture.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view showing the cross section
of a vacuum vapor deposition apparatus used in Exam-
ples for the production of the organic EL device of the
present invention. FIG. 2 is a perspective view schemat-
ically showing a transparent substrate used in Example
7. FIG. 3 is a schematic view of the cross section of the
orgenic EL device of the present invention {in which a
protection layer alone is newly formed) obtained in
Example 7. FIG. 4 is 2 schematic view of the cross
section of the organic EL device of the present inven-
tion (in which a shield layer is formed outside a protec-
tion layer) cbtained in Example 7. FIG. 5 is a chart
showing the measurement results of brightness of or-
ganic EL devices obtained in Example [, Example 2
eand Comparative Example 1. FIG. 6 is a chart showirg
the measurement results of voltages applied to organic
EL devices obtained in Example 1, Example 2 and
Comparative Example 1. FIG. 7 is a chart showing the
measuremeit results of boghtness of organic EL de-
vices obtained in Example 3 and Comparative Example
2. FIG. 8 is 2 chart showing the measurement results of
valtages applied to organic EL devices obtained in
Example 3 and Comparative Example 2. FIG. 9 is a
chart showing the measnrement results of brightness of
organic EL devices obtzined in Example 4 and Compar-
ative Example 3. FIG. 10 is 2 chart showing the mea-
surement results of voltages applied to organic EL de-
vices obtained in Example 4 and Comparative Example
3. FIG. 11 is 2 schematic view showing the method of.
brightness measurement in 2 life test.
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PREFERRED EMBODIMENTS FOR WORKING
THE INVENTION

As described sbove, the crganic EL device of the
present invention has a film of an electrically insulating 5
polymer compound as 2 protection layer on the outer
surface of a Jaminated structure in which at least a light-
emitting layer formed of a luminescent organic solid is
placed between two mutnally opposing electrodes. The
constitution of the above laminated structure includes 10
the following X
(@) electrode  (cathode)/light-emitting  layer/hole-

injecting layer/electrode (anode)

electrode (anode)/light-emitting layer/electron-
injecting layer/electrade {cathode)
electrode (anode)/hole-injecting layer/light-emit-
ting layer/electron-injecting layer/electrode (cath-
ode)
@ electrode (ancde or cathode)/light-emitting Iayer-

/felectrode (cathode or anode).

Any constitution may be used. In general, the lami-
neted siructure is formed on a substrate. The size, form,
material, etc., of each of the substrate and the laminated
structure are properly selected depending zpon use of
the intended organic EL device such as a suarface light
sonrce, a pixel For graphic display, a pixel for a televi-
sion image display device, ctc. In addition, each of the
above hole-injecting layer and the above electron-
injecting layer sefers to a layer having any one of
charge injection properties, charge transport properties
and charge barrier propertfies, aud may have any one of
a single-layered structure and a multi-layered structure.
The material for these Jayers may be any one of an
organic material and an inorganic material, 15

The organic EL device of the present invention hasa
film formed of an electrically insulating polymer com-
pound as a protection layer on the outer surface of the
above laminated structure. The protection layer may be
formed at least on a main surface of the epposite elec- 44
trode. However, the protection layer is particularly
preferably formed on the entire outer surface of the
laminated structure. Further, when the laminated strue-
ture has a layer structure in which the opposite elec-
trode is formed on part of 2 main surface of one of the 45
light-emitting layer, the hole-injecting layer and the
electron-injecting layer, it is preferred to form a protec.
tion layer at lesst on that portion of the main surface of
a layer underlying the opposite electrode where the
opposite electrode is not formed and on the main sur- 55
face of the opposite electrode.

The method for forming the protection layer of an
electrically insulating polymer compounnd isrcludes:

{1} 2 physical vapor deposition method (PVD method),

(2) a chemical vapor deposition method (CVD 55
method),

(3) a casting méthod, and

{4) a spin coating methad.

These tmethods are respectively detailed hereinafter.
(1) PVD method 60
() Kind, filmforming conditions, etc., of the PVD

method

‘The PYD methed includes a vacuum vapor deposi-
tiocn method (including a vapor deposition polymeriza-
tion method), a sputtering method, ete. The vacunm 65
vapor deposition method and the spurr.enng method can
be sub-classified as below.

—
L¥]

25

30

. Vacuum vapor deposition method

4

Resistance heating method, electron beam heating
method, high-frequency induction heating method, re-
active vapor deposition methed; molecular beam epi-
taxy method, hot wall vapor deposition method, ion
plating method, ionized cluster bearn method, vapor
deposition polymerization method, ete.

Sputtering method .

Diode sputtering method, dicde magnetron sputter-
ing method, trode and tetraode plasma sputtering
methods, reactive sputtering method, ionized beam
sputtering method, a method using a combination of
these.

Any one of these methods can be employed. Con-
cerning the PVD method, 2 vacuum vapor deposition
method s particularly preferred.

The film forming conditions differ depending upon
raw materials and the kind of the PVD method, For
example, when a vacuum vapor deposition method
(resistance heating method, electron beam heating
9 method and bigh-frequency induction heating method)
is used, preferred are conditions where the pressure
before the vapor deposition is generally set at not more
than 1< 10—2Pa, preferably not more than 6 X 10~3Pa,
the temperature for heating a deposition source is gen-
erally set at not more than 700° C., preferably not more
than 600° C., the substratc temperature is generally set
at aot more than 200° C., preferably not more than 100*
C., and the deposition rate is generally set at not more
than 50 nm/second, preferably mot more than 3
nm/second.

{#i) Kinds of the polymer compound used as a vapor
deposition source.

The following polymer compotnds (A) te (C) may be
used as a deposition source.

(4,) Fluorine-free polymer compounds such as polyeth-
yiene, polypropylene, polystyrene, polymethyl meth-
acrylate, polyimide (obtained by depositing two mon-
omers on a substrate to polymerize them, see
ULVAC Technical Journal, 1988, 30, 22), polyurea
(obtained by depositing two monomers on a substrate
to polymerize them, see ULVAC Technical Journal,
1988, 30, 22),etc.

(B) Polytetrafluoroethylene, polychlorotrifluoroethyl-
ene, polydichlorodifluorcethylene, chiorotriftuoro-
ethylene, a copolymer of chlorotriffuoroethylene ang
dichlorodifluorosthylene,

(C) Fluorine-containing copolymers having a cyclic
structure in the main copolymerized chain.

(C-1) Fluorine-containing polymer compaund disclosed
in JP,A 63-18964, fluorine-containing polymer com-
pound disclosed in JP,A 63-22206, fluorine-contain-
ing palymer compound disclosed in JP,A 63-238115.

(C-2) Fluorinecontaining polymer compound disclosed
in JP,A 3-129852.

The form of the polymer compound when it is nsed as
a deposition source s not specislly limited. The form
may be powdery, particolate, bulk-like, disk-like or
pellets-like. The form is prapetly selected depending
upon the kind of the PVD method employed for form-
ing the film.

‘When the polymer compound (B), (C-1) or (C-2) cut
of the above polymer compounds is used es a deposition
source, thete can be obtained, by a PVD methog, 2
deposited film (protection layer) which is formed of the
same polymer compound as the polymer compound
used as a deposition source and is pin-hole free. Further,
the decrease in the electric resistivity, breakdown
strength and moisture resistance, entatled when the film
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thickness is decreased, is small. Therefore, the protec-
tion layer is excellent in the electric resistivity, break-
down strenpth and moisture resistance. Further, since
the protection layer is transparent, it has no bad effect
aon the color of light emitted from the lipht-emitting
layer.

As described above, the above polymer compounds
(B), (C-1) and (C-2) are particularly superior s a mate-
riat for the protection layer. Therefore, these polymer
compounds are further detailed.

Polymer compound (B)

The molecnlar weight is not less than 400, preferably
from 1,000 to 600,000. When tke molecular weight is
less than 400, the resultant thin film has low moisture
resistance. The molecular weight is particularly prefera-
bly 10,000 to 500,000. When a copolymer obtained from
chlorotrifluoroethylene and dichlorodifluoroethylene is
used, it does not matter what the copolymerization
amount ratio in the copolymer is.

As a deposition source, particularly preferred is a
chilorotriflucroethylene homopolymer (polychiorotri-
fluoroethylene), and specific examples thereof include
Neoflon CTFE (trade n2me) supplied by Daikin Indus-
tries, Ltd. and Kel-F CTFE {trade name) supplied by
3M Co., Ltd.

Polymer compound (C-1)

This polymer compound is a copolymer obtained by
copolymerizing a monomer mixture containing tetraflu-
orocthylene and at least one cyclic ether compound
containing a carbop-carbon unsaturated bond, and its
copolymer main chain has a cyelie structure repre-
sented by the foliowing formula

o o
N/
R

{wherein each of X and X’ s F, Cl or H, X and X’
may be the same as, or different From, each other, and
R is —CF=CF— or has the following formula,

R
N
()
7N\
R
[each of R' and R” is F, Cl, —COF, a —COOQ-alkyl
group, an alkyl group, a perfluorinated alkyl group or a
hydrogen-substituted perfluorinated alkyl group (“alkyl
group” is an alkyl group having 1 to 6 cachon atoms)]}.
Particularly preferred is a copolymer obtained by
copolymerizing tetrafluoroethylene and a cyclic ether
compound containing a carbon-carbon unsaturated
bond, at least represented by the following formula (D),

M

{wherein each of X and X' is F, Cl or H, X and X’
may be the same as, or different from, each other, and R
is —CF=CF— or has the Following formula,

o

15

20
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R
NS

c\
7 Ngu
[each of R’ and R” is F, CI, —CQF, a —C00-alkyl
group, an alkyl group, a perfluorinated alkyl group or a
hydrogen-substituted perfluorinated alkyl groap (“alkyl
group” is an alkyl group having 1 to 6 carbon atoms)]}

Specific examples of the ¢yclic ether compound con-
taining a carbon-carbon umsaturated bond, represented
by the formula (%), are particularly preferably as fol-
lows.

(IZF_‘—“‘CF
0 0
NS
C
e
cF; CH

-{a compound of the above formuls (¥) in which both
X and X' are F, and R has the formula of

CF:
N

{a compound of the above formula (I) in which both

” X and X’ are F, and R has the formula of

45

55

&0

65

{a compound of the above formula (I) in which bath
X and X' are F, and R is —CF=CF—.}

In the protection layer, the content of the cyclic ether
compound containing 2 carbon-carbon unsaturated
bond, represented by the formuia (I), based on the total
amount of the tetrafluoroethylene and this compound is
preferably 0.01 to 99% by weight, particularly prefera-
bly 11 to 80% by weight. The copolymer having such 2
composition generally has a glass transition point of not
less than 50° C.

As a comonomer for the copolymer, a comonomer
from the following (1) to @ may be used together with
the cyclic ether compound conteining a carbon-carbon
unsaturated bond, represented by the formula (F).

Olefin comonomers such as ethylene, 1-butene,
isobutylene, trifluoropropene,  trifluorocthylene,
chlorotrifleorcethylene, etc.
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@ Vinyl comonomers such as vinyl fluoride, vinyli-
dene fluoride, ete.
Perfluoro comonomers such as perflucropropens,
perflaorofalkyl vinyl ether), methyl 3-f1-[diflnoro-
[(triflworoethenyl}oxy]methyl]-1,2,2,2-tetrafluoroe-
thoxy]-2,2,3,3-tetraflucropropanoate, 31—
J[diftuoro{trifiucroethenylloxy]methyl]-i,2,2,2-tet-
rafluoroethoxy]-2,2 3,3-tetrafluoraprapionate, 2-[1-
«[difiuoro-[(trifivoroethenyl)oxy)methyl}-1,2,2,2-tet~
rafluoroethaxyl-1,1,2,2-tetrafluoroethanesulfonyl-
- fluoride, etc. .

The content of the comonomer from the above (T) to

hased on the total amount of the tetrafluoroethylene

and the compound (comonomer) of the formula (f) is
preferably 0.005 to 30% by weight, particularly prefera-
bly i to 15% by weight. When the comonomer from the
above (1) to (3) is used in combination with the como-
nomer of the formula (1), desirably, the amount of the
comonomer from the above @ to @ is the smallest
among the amounts of the tetrafluoroethylene, the co-
monomer of the formula (I} and the comonomer from
the above @ to (3).

Polymer compound (C-2)

Particularly preferred'is a fluorine-containing co-
polymer having a cyclic structure of the fallowing for-
mula in the main chain,

(CFm—O0=—(CF2)n
—CF>—CF.

\CFz/ -

{wherein each of m and n is, independently of other,
an integer of 0 to 5, and m--n is an integer of 1 to 6)
which is obtained by radical-copolymerizing & perfluo-
rocther having a double bond at each of the terminals,
represented by the general formula (I0),

CFr—CF—{CF2);—0—{CF)r—CF=CF2 {m

(wherein m and n are as defined above) and 2 mono-
mer radical-polymerizable with the perfluorocther of
the above general formula (IT).

As the perfluoroether of the above general forpula
(XD, preferred are those of the formula (II) in which
each of m and n is an integer of 0 t0o 3 and m+-n is an
integer of 1 10 4, and particularly preferred are those of
the formula (ID) in which each of m and n is an integer
of 0 to 2 end m-+-n is an integer of 1 to 3. Specific exam-
ples thereof are perfinoroallylvinylether
(CF2=CF—0—CF;—CF—=CF?), perftuorodiallycther

(CF;—=CF—CF»-0—CF;—CF==CF;}, perluoro-
butenylvinylether (CFs=CF-—-0—CF»,—CF-
2—CF=CF), perfluorobutenylallylether

(CFz—=CF—CF;—0—CF,—CF2—CF=CF3), per-
fluorodibutenylether (CF,—=CF—CF,—CRF;—0—CF-
7—CF1—CF=CF3), etc. Of these perfluarosthers,
those of the general formula (IT) in which one of m and
n is 0, ie., those having one vinylether group repre-
sented by CFy—CF—0— are particularly preferred in
view of copolymerization reactivity, ring-closing
polymerizability, gelation inhibition, etc., and per-
fluoroallylvinylether 1s a particularly preferable exam-
ple.

On the other hand, the monomerto be copolymerized
with the perfluoroether of the above general formula
(II) is not specially limited if it is & monomer having
radical-polymerizability. It can be properly selected

45

50

€5
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from fluorine-contaiving moromers, unsaturated hy-
drocarbon-based monomers and other monomers.
These monomers may be used alone or in combination
for the radical copolymerization with the perfiuorc-
ether of the above formula (II). In order to make the
most of the perfluoroether, it is particularly preferred to
use, as a copolymerizable monomer, a fluorine-contain-
ing monomer typified by tetrafluoroethylene, chlorotri-
fluoroethylene, perfluorovinylether, vinylidene fluo-
ride, viny! flooride, ctc.

The above perfluoroether and the above copolymer-
izable monomer can be radical-copolymerized by a
conventional method such as bulk polymerization in
which these are directly polymerized, solution poly-
merization in which these are dissolved in an organic
solvent such as fluorinated hydrocarbon, chlorinated
hydrocarbon, fluorochlorinated hydrocarbon, aleohol,
hydrocarbon, etc.,, and polymerized in the solvent, sus-
pension. polymerization in which these are polymerized
in 2n aqueous medium in the presence or absence of a
proper orgamic sclvent, emulsion polymetization in
which these are polymerized in an aqueons medivm
containing an emulsifier, or other method. Although the
proportion of the perflucroether for the production of
the copolymer is not specially limited, this proportion is
preferably 0.1 to 99 mol. % &as a material to be charged
based on the above copolymerizable monomer.

The temperature and pressure during the radical co-
polymerization are not specially limited, and can be
properly selected in view of various factors such as the
boiling point of the comonomer, a required heating
source, removal of polymerization heat etc. The tem-
perature suitable for the polymerization can be set, €.g.,
in the range of 0° to 200° C. It ig practically preferred to
set the temperature in the range of rcom temperature to
about 100° C. The polymerization can be carried out
under any pressure conditions, such as reduced pres-
sure, atmospheric pressure and elevaied pressure. When
the pressure is set at atospheric pressure to about 100
atmospheric pressure, or at atmospheric pressure to
about 50 atmospheric pressure, the polymerization can
be practically preferably carried ont. The initiation of,
and proceeding with, the radical copolymerization at
such a temperature umder such pressure conditions can
be carried out by means of an organic radical initiator,
an inorganic radical initiator, light, ionizing radiation,
heat, etc.

Specific examples of the organic radical initiator in-
clude azo compounds such as 2,2'-pzobis(N,N'-dime-
tkyleneisobutylamiding)dihydrochloride, 2,2-azobis(2-
amidinopropane)dibydrochloride, 2,2-azobis(N,N'-
dimethyleceisobutylamidine), etc., organic peroxides
such as stearoyl peroxide, diisopropyl peroxydicarbon-
ate, benzoyl peroxide, etc., and the Jike.

Specific examples of inorganic radical initiator in-
clude inorganic peroxides such as (NFL)25:0¢, K250,
etc. As light, visible light, vltraviolet light, etc., can be
used, and a photosensitizer may be used ir combination.
The jonizing radiation includes y ray, 8 ray, a ray, etc,
from radiozctive isotopes such as ©Co, 192Ir, 1707y,
137Cs, etc, and electron beam from an electron beam
accelerator.

(2) CVD method

Itis preferred to use a plasma polymerization method
in which a gaseous monomer of ethylene, propylene,
tetrafluproethylene, vinyltrimethoxysilane, hexame-
thyldisiloxane, tetrafluoromethane, or the like is poly-

IPR2020-01059
Apple EX1002 Page 217



5,427,858

9

merized to obtain a polymer corresponding to the above
monomer.

General pyrolysis CVD is not snitable since the sub-
strate temperature is elevated to a high temperature.

(3) Casting method

‘A fluorine-containing polymer compound is dis-
solved in a fluorine-containing solvent such as per-
fluoroalcohol, perfluorcether, perfluoroamine, or the
like and the so-prepared solution was cast on a lami-
nated structure aud air-dried for 8 to 16 honrs to give a
film (protection layer). It .does not matter kow long the
drying is carried out, if it is carried out for at least §
hours. Since, however, there is no much difference even
if the drying time exceeds 16 hours, such a longer dry-
ing time is improper. The drying time is generally prop-
exly about 12 hours.

The concentration of the raw material in the solation
is selected depending upon the thickness of the intended
protection layer.

The fluorinecontaining polymer compound for use
inclndes the polymer compounds (B), (C) and (d) de-
scribed concecning the above PVD method.

(4) Spin coating method

A suitable amount of the same solution as that ge-
scribed int the above (3) is dropped on a laminated struc-
ture which is being rotated at 100 to 20,000 rpm, prefer-
ably 200 to 8,000 rpm, and the laminated structure is
further rotated for 5 to 80 seconds, preferably 10 to 30
seconds. Then, the solution was dried in the same man-
ner 2s in the casting method to obtain a film (protection
layer). The amount of the solution to be dropped differs
depending upon the size of the laminated structure or an
organic EL device to be sealed. In general, when the
laminated structure or the organic EL device has a size
of a slide glass (2575 1.1 mm), the above amount is
0.6 to € ml, preferably 0.5 to 3 ml.

The ¢oncentration of the raw material in the solution
is properly selected depending upon the thickness of the
intended protection layer as is dome in the casting
method. The range thereof is narrower than that in the
casting method, and it is 1 fo 40 g/100 ml, preferably 4
to 20 g/100 m! from the viewpoint of control of the
layer thickness, layer uniformity, etc.

In both the casting method {3} and the spin coating
method (4), it is prefarred to further dry the air-dried
film with a vacuum dryer, etc., at 30° to 100° C., prefer-
ably 50° to 80° C, for 1 to 24 hours, preferably § to 15
hours.

By any one of the above-detailed methods (1) to (4),
the protection layer car be formed on the outer surface
of the Jaminated structure. Although the thickness of
the protection layer depends upon used raw materials
and a method for the protection layer formation, the
lower limit thereof is 1 nm, preferably 10 nm. When the
thickness is set at less than 1 am, it is difficolt to obtain
a uniform thin film by any one of the methods. The
npper limit thereof cannot be defined since it differs
depending vpon use of the intended organic EL device
and 2 method for the protection layer formation. In the
PVD method, it is about 100 pm from the vicwpoint of
productivity. When the casting method is employed, a
film having 2 thickness of 300 ptm or more can be easily
formed. When the side on which the protection layer is
formed is used as a light-emitting surface, there are
selected raw materials and formation methods to obtain
a protection layer having excellent light transmission
properties to EL light from the light-emitting layer.

20
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The protection layer that can be formed as described
above can sufficiently perform its function even if it has
a single-layered structure. It may also have a structure
having a plurality of Jayers, at least two layers, as re-
quired. When it has a stmicture having a plurality of
lavers, the component of each layer may be the same as,
or different from, that of other.

In order to abtain an organic EL device having a
Tong life, it is desirable to prevent the property deterio-
ration of the light-emitting Jayer and the opposite elec-
trode during the step of forming the protection layer.
For this reason, it is particnlarly preferred to form the
protection layer in a vacuum environment by 2 PVD
method or 2 CVD method. And, for the same reason, it
is particularly preferred to carry out the steps from the
formation of the light-emitting layer as a constituent of
the laminated structure to the formation of the protec-
tion layer in a continuous vacuum environment as a
series. Further, when the light-emitting layer is formed
on the holednjecting layer or the electron-injecting
layer, it is preferred to carry out the steps from the
formation of the'hole-injecting layer or electron-inject-
ing layer which is to underlie the light-emitting layer to
the formation of the protection layer in a continnous
vacuum environment as a series.

Among the organic EL devices of the present inven-
tion, the organic EL device having a laminated struc-
ture formed on 2 substrate can be produced, for exam-
ple, according to the following procedures.

1. Formation of first electrode on substrate

The first electrode can be formed by a vacuum vapor
deposition method, a sputtering method, a CVD
metkod, a plating methed, 2 printing method, etc,, de-
pending upon electrode materials.

The electrode material can be selected from electri-
cally conductive metals such as gold, silver, copper,
aluminum, indium, maguesium, sodium, potassinm, etc.,
mixtures of these electrically conductive metals such as
2 mixture of magnesium with indivm, ete., alloys such as
sodium-potassinm, magnesium-copper, tin-lead, silver-
tin-lead, nickel-chromivm, nickel-chromiom-iron, cop-
per-manganese-gickel, nickel-manganese-iron, copper-
nickel, etc., oxides such as stanpic oxide, indium oxide,
zinc oxide, ITO (indium tin oxide), etc., compounds
such as copper iodide {Cul), etc., 2 laminated material
of aluminum (Al) and aluminum oxide (AlyO3), compos-
ite materials such as a combination of synthetic resin
and silver, silicone rubber and silver, silver-containing
borosilicate glass, ete,, and the Jike, which are conven-
tionally used as an electrically conductive material.

When the first electrode side (substrate side) is nsed
as a light-emitting surface, it is preferred to use a trans-
parent electrode materjal such as stannic oxide, indivm
oxide, zinc oxide, [TO, Cul, ete,, from the viewpoint of
increasing the transmittance to Iight emitted from the
light-emitting layer, The thickness thereof is preferably
10 nm to 1 pm, particularly preferably not more than
200 nm. Due to this, it is preferred to employ 2 vactum
vapor deposition method, a sputtering method or a
CVD method to form a film s an electrode,

The first electrade may be any one of an ancde and a
cathode. When it is nsed as an anode, it is preferred to
use an electrically conductive material having a larger
work function than the material for the second elec-
trade (opposite electrode) to be described later. Whea it
is nsed as a cathode, it is preferred to use an electrically
conductive material having z smaller work function.
Further, the anode material preferably has a work fitnc-
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1
tion of at least 4 €V, and the cathode material preferably
has a work function of less thap 4 eV,

In z2ddition, the material for the substrate on which
the first electrode is to be formed can be selected from
conventional materials such as plass, plastic, quartz, 5
ceramics, etc. When the substrate side is used as a light-
emitting surface, 4 transparent material is used. It is
preferred to wash the materjal by an ultrasonic washing
method, etc., before the formation of the first electrode.

When the organic EL device is used as a surface light 10
source, a substrate formed of an electrically conductive

- material can be used as a substrate, and in this case, the

substrate can be used as a first electrode.

2. Formation of light-emitting layer on first electrode

The light-emitting layer can be formed by a vacoum
vapor deposition method, a sputtering method, spin
coating method, 2 casting method, etc., while the vac-
uum vapor deposition method is preferred to obtain a
film (layer) which is homogencous and smooth and
which kas no pin hole. The light-emitting layer may be
formed directly on the first electrode, or may be formed
on the Brst electrode throngh a hole-injecting layer or
an electron-injecting fayer. -

‘The material for the light-emitting layer is properly
selected from fluorescent organic solids conventiondlly
used as a light-emitting layer material soch as a
phtheloperinone derivative, a thiadiazole derivative, a
stilbene derivative, 2 coumarin derivative disclosed in
JP,A 2-1916%4, a distyrylbenzene derivative disclosed
in JP,A 2-60894, JP,A 2-209988 or JP,A 63-295695, a
chelated oxinoid compound, etc., depending upon the
emission color kind and electrical and optical properties
required of the intended organic EL device or the fayer
canstitution of the laminated structure. The thickness of 15
the light-emitting layer is preferably 5 nm to 5 pm.

The material for the hole-injecting layer which is to
be formed between the light-emitting layer and the first
electrode as required is preferably selected from materi-
als having a hole mobility of at least 10—6cm?2/V.second 49
uader 10% to 106 V/em as is done for conventional de-
vices, Specifically, it is selected from 2 triphenylamine
derivative, a polyarylalkane derivative, a pyrazoline
derivative, a pyrazolone derivative, an arylamine deriv-
ative, a hydrazone derivative, a stilbene derivative, a 45
phenylenediamine derivative, p-type a-Si, P-type SiC,
p-type Si crystal, CdS, etc.

The material for the electron-injecting layer which is
to be formed between the light-emitting layer and the
first electrode as required can be selected from materials sg
used for the electron-injecting layer of conventional
organic EL devices such as a nitro,substituted fluoren-
one derivative, an anthraqninonedimethane derivative,

a diphenylquinone derivative, a dioxazole derivative, a
thiopyran dioxide derivative, 2 fluorenylidenemethane 55
derivative, an anthrore derivative, a dioxare derivative,
n-type a-8i, n-type SiC, n-type Si crystal, ete.

The hole-injecting layer and the electron-injecting
layer from the organic material can be formed in the
same manner as in the formation of the light-emitting 66
layer, and the hole-injecting layer and the electron-
injecting layer from the imorganic material can be
formed by a vacunm vapur deposition method, a sput-
tering method, etc. For the same reasons described
concerning the light-emitting layer, however, a vacuumn 65
vapor depasition method is preferred to form it.

3, Formatior of second electrode (opposite electrode)}
on light-emitting layer

b
L
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The second electrode can be formed in the same
manner as in the formation of the first electrode, while
it is preferred to form it by a vacuum vapor deposition
method, a sputtering method or a CVD method in order
to prevent the infiltration of water and oxygen into the
light-emitting layer. The second electrode may be
formed directly on the light-emitting layer or may be
formed on the light-emitting layer through the hole-
injecting layer or the electron-injecting layer. How-
ever, when it is formed on the light-emitting layer
through the hole-injecting layer, the premise therefore
is that o hole-injecting layer is present batween, the
first electrode and the light-emitting layer. When the
second ¢lectrode is formed on the Lght-cmitting layer
throvgh electron-injecting layer, the premise is that no
electron-injecting layer is present between the first elec-
trode and the light-emitting layer.

‘When the second electrode is formed directly on the
light.emitting layer, it is preferred to form it by a vac-
uum vapor deposition method.

The material for the second electrode can be selected
from materials similar to those used for the first elec-
trode. When the first electrode is used as an anode, it is
used as a cathode. When the first electrode is nsed as a
cathode, it is used as an anade. Accordingly, the mate-
rie] therefor is properly selected.

The materials for the hole-injecting layer and the
electron-injecting layer which are to be formed be-
tween the second electrode and the Lght-emitting layer
as reqnired are as described previously. It is preferred to
form these layers by a vacuum vapor deposition method
for the same reason as that described in the formation of
the light-emitting layer:

The formatior of the second electrade (opposite elec-
trode) finishes the formation of the laminated structure
on the substrate,

4, Formation of protection layer

This procedure relates to the formation of the charac-
teristic part of the organic EL device of the present
invention, and the materials therefor and the method of
the formation thereof are as already deseribed.

By the formation of this protection layer, there is
obtained the organic EL device of the present inven-
tion. A shield layer may be formed on the outer surface
of the protection layer for tile purpose of further suffi-
ciently achieving the prevention of infiltration of water
end oxygen into the light-cmitting layer and mechani-
cally protecting the device.

The shield layer is preferably formed from au electri-
cally insulating glass, an clectrically insulating polymer
compound ar an electrically insulating airtight finid. At
this stage, the laminated structure is protected by the
protection lIeyer, and therefore, various methods can be
applied to the formation of the shield layer. The method
of formatior of the shield layer will be described herein-
after with respect to each material.

2. Blectrically insulating glass

After the protection layer is formed on the outer
surface of the laminated structure formed on the sub-
strate such gs a glass substrate, this electrically insulat-
ing giass is covered over the protection layer, and the
marginal portion of the substrate and the marginal por-
tion of the electrically insulating pglass,are bonded to-
gether with an adhesive, etc., whereby a shield layer is
formed.

That surface of this electrically insulating glass which
is on the protection layer side ts preferably a polished
surface of 2 photomask grade. This glass is preferably

2 5
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selected from those which bave littie al.l:ah content, and
has a high volume resistance (at least 107 Qm at 350° C.).
Specifically, there can be selected #7059 supplied by
Coming Co., Ltd.

The above electrically insulating glass may be pro-
vided so that it is directly in contact with the protection
layer, or it may be provided on the outer surface of the
protection layer through a moisture absorbent layer
formed of polyvinyl alcohol, nylon 66, or the like.
When the moisture absorbent layer is formed in be-
tween, it is preferred to form the moisture absorbent
layer on a surface of the electrically insulating glass in
advance. In this case, the glass may bave a surface
rougher than a photomask grade.

b. Electrically insulating polymer compound

A shield layer is formed from an electrically insulat-
ing liquid resin or solid resin, for example, by the fol-
Jowing method. By an immersing method and a transfer
molding method among the below-described methods,
the device as a whole (including the substrate when the
laminated structure is formed on the substrate) is cov-
ered with a shield layer. Therefore, a material for the
shield layer is selected to obtain practically sufficient
light transmission property to EL light from the organic
EL device to be sealed. In other methods, a shield layer
can be formed on the surface on the protectior layer
side alone when the laminated structure is formed on
the substrate. Thercfore, it is not necessery to consider
the Light transmission property of the shield layer as far
as the surface on the protection layer side Is not used as
a light-emitting surface.

1. When liquid resin is used

Casting method: In this method, 2 shield layer .is
formed by placing the organic EL device {to be some-
times referred to as “protection layer-coated device”
hereinafter) in 2 mold container, injecting a liquid resin,
to which a catalyst and a curing agent have been added,
into the mold container to cover the protection layer
side surface of the protection layer-coated device with
this liguid resin, curing it, removing the mold, and then
completely curing it in an oven.‘More preferably, the
curing is carried out in a temperature-controlled oven.

In this case, the liquid resin may be any one of ther-
mosetting and photosetting resins if they are electrically
insulating (to be sontetimes referred to as “condition ()"
hereinafter). When the surface o the protection layer
side is used as a light-emitting layer, there is selected 2
resin which gives a resin fayer having practically suffi-
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cient light transmission property to EL light from the -

organic EL device to be sealed (to be sometimes re-
ferred to as “condition (ii)” hereinafter). Concerning
the thermosetting resin, it is preferred to use one of
which the curing temperature is lower than the soften-
_ ing point of the electrically insvlating polymer com-
pound forming the protection layer (to be sometimes
referred to as “condition (ifi)” hereinafter).

The thermosetting liquid resin that satisfes the condi-
tions (i) and (ii) preferably includes an epoxy rmn, a
silicone resin, an epoxysilicone resin, 2 phenolic resin, a
diallyiphthalate resin, an alkyd resin, ete. For practical
use, a liquid resin is selected depending upon whether or
not it satisfies the condition (ii).

‘The photosetting liquid resin that satisfies the condi-
tions (i) and (ii) includes ultraviolet [ight-cuting resins
suck as BY-300B (trade name of an enethiol type
photosetting liguid resin, supplied by Asahi Denka Co.,
Lid), BU-230U (trade mame of acrylic photosetting
liquid resin, supplied by Tozgosel Chamzca.l Industnes
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Co., Ltd)), UV1001 (trade name of a polyester-based
photosetting liquid resin, supplied by Sory Chemical
Co,, Ltd), etc,, and visible light-curing resins such as
LCRO00 (trade name, supplied by I.C.1 Japan), ete.

The curing temperatures and curing times of these
Yiquid resins differ depending vpon the resins, For exam-
ple, when a thermosetting epoxy resin is used, it is cured
at 160° to 180° C. for 1 to 2 minutes. In any one of the
thermosetting and photosetting liqnid resins, it is pre-
ferred to add a step of degassing in vacuum after a
catalyst and a curing agent are added to the resins,

Vacuum potting method: In this method, a shield
layer is formed by camrying out all the steps of the
above-described casting method in vacoum. This
method is more preferable than the casting method.

Dipping method: In this method, a shield layer is
formed by dipping the protection layer-coated device in
the above Ifquid resin, pulling it up, and then curing a
coating of a liquid from the liquid resin on the protec-
tion layer-coated device by heat-treating it or air-drying
it.

‘A variety of thermoplastic resins, thermosetting or
photosetting resins may be used if they satisfy the condi-
tions (i) and (i).

Others: A shield layer may be formed by applying a
liquid resin to the protection layer side surface of the
protection layer-coated device with a spatula, etc., and
curing it. The liquid resin can be selected directly from
the above-described liquid resins, When the surface on
the protection layer side is not used as a light-emitting
layer, even aresin that does not satisfy the condition (ti)
may be used.

2. When liquid resin is used while itisina solid state:

" Hot-melt method: In this method, a shield layer is
formed by casting or vacuum-potting a heated and mol-
ten resin. The resin used in this methed is preferably

“selected from thermoplastic resins which satisfy the

condition (i) and which also has the melting point which
is lower than the softening point of the electrically
insulating polymer compound t‘orm.mg the protection
layer (to be someum% referred to as couditim'; iv)”
hereinafter).
Specific examples of the thermoplnsuc resins wh.lch
satisfy the condition (i) include halogenated vinyl poly-
mers or halogenated vinyl copolymers such as polyvi-
nyl chloride, polyvinyl bromide, polyviryl flucride, a
vinyl chleride-vinyl acetate copolymer, a vinyl chlo-
ride-ethylene copolymer, a vinyl chloride-propylene
copolymer, 2 vinyl chloride-vinylidene chloride co-
polymer, 2 vinyl chloride-butadiene copolymer, a vinyl
chloride-acrylic acid ester copolymer, a vinyl chloride-
acrylonitrile copolymer, a vinyl chlotide-styrene-
acrylonitrile terpolymer, a vinyl chloride-vinylidene
chloride-vinyl acetate copolymer, polyvinylidene chlo-
ride, polytetrafinorocthylene, polyvinylidene fluoride,.
polychlorotrifiluoroethylene, a fluorine-containing pol-
ymer compound disclosed in JP,A 63-18964, a fluorine-
containing polymer compound disclosed in JP,A
63-22206, a fluorine-containing polymer compound
disclosed in JP,A 63-238115, etc,;
palymers of unsaturated alcohols or unsaturated
ethers, or copolymers of unsatnrated alcools and
vnsaturated ethers such as polyvioyl alcohol, poly-
ally] alcohol, polyvinyl ethel, polyallyl ether, etc.;

polymers or copolymers obtained from nnsaturated
carboxylic acids such as acrylic acid, mothacrylic
acid, ete.;
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polymers or copolymers of those having en nasatu-
rated bond in the alcokol moicty, ie., polyvinyl
esters such as polyvinyl acetate and polyacrylic
esters such as polyphthalic acid;

polymers or copolymers of those kaving unsaturated 5
bond(s) in the acid moiety or in the acid moiety and
the alcohol mofety such as polyacrylic acid ester,
polymethacrylic acid ester, a maleic acid ester
polymer, a fumaric acid ester polymey, etc.;

an acrylonitrile polymer, 2 methacrylonitrile poly- 10
mer, a copolymer obtained from acrylonitrile and
methacrylonitrile, polyvinylidene cyanide, a ma-
lononitrile polymer, a fumarononitrile polymer, a
copolymer obtained fom malononitvile and
fumarcnonitrile; 15

polymers of aromatic vinyl compounds such as poiy-
styrene, poly-a-methylstyrene, poly-p-methyisty-
rene, a styrene-p-methylstyrene copolymer, poly-
vinylbanzene, polyhalogenated styrene, etc.;

polymers or copolymers of heterocyclic compounds 20
such as polyvinylpyridine, poly-N-vinylpyrroli-
dine, poly-N-vinylpyrrolidone, etc.;

polyester condensates such as polycarbonate, etc.,
and polyamide condensates Such as nylon 6, nylon
66, ete.; 2!

a polymer obtained from at least one substance se-
lected from the group consisting of maleic anhy-
dride, famaric anhydride, an imidation compound
of malejc anhydride and imidation compound of
fumaric anhydride, or a copclymer obtained from 30
at least two substances selected from the above
group;

heat-resistant polymer componnds such as polyam-
jde, polyetherimide, polvimide, polyphenylene
oxide, polyphenylene sulfide, polysulfone, polyeth- 35
ersolfone, polyarylate, etc.;

polyethylene, polypropylene, polyethylene tere-
phthalate, polymethy] methacrylate, and a thenmo-
tropic Nquid crystal polymer disclosed in JP,A
2-253952. 40

A resin for practical use is properly sclected depend-

h

ing upon whether it satisfies the condition (iv).

Fluidization dipping method: There is used a con-
teiner having a micropore bottom plate, a porons bot-
tom plate and an air (compressed air) reservoir posi- 45
tioned below the porous bettom plate. A solid resin
(powdered resin) pulverized to a size of 200 to 300 mesh
is placed on the micropaore bottom plate, and com-
pressed air is flowed from below through the porons
bottom. plate, whereby the powdered resin can be han- 50
dled like a fluid.

In this method, therefore, a shield jayer is formed by
tilting the container while the compressed air is flowed
through the powdered resin, and placing the protection
layer-coated device heated to a temperature higher than 55
the softening point of the powdered resin thereby to
fuse the powdered resin and attach it to the heated
protection layer-coated device.

‘The resin for use in this method is preferably selected
from the thermoplastic resins described as examples 6)
concerning the hot-melt method.

Transfer molding method: In this method, a shield
layer is formed by placing the protection layer-coated
device in a mold (having an aperture), introducing a
resin melted in a pot into the cavity of the mold through 65
the aperture and curing the resin.

The resin for use ix this method is preferably seiected
from those thermoplastic resins which are described as

16
examples concerning the hot-melt method and satisfy
the foregoing condition (i),

Others: A shield Jayer may be formed by applying
resin solution to the protection layer side surface of the
protection layer-coated device and dissipating the sol-
vent in the resin solution by heat treatment or air-dry-
ing. In this case, there may be used a resin which at least
satisfies the condition (i) and which is soluble in any one
of 2 halogen-containing solvent, an aromatic hydrocas-
bon solvent and a fluorine-containing solvent. An
acrylic resin, polystyrene, etc., are sclected as a pre-
ferred resin. Further, an organic solvent dissipation
type adhesive is one of preferred resins. Specifically,
there arc 1001B (trade name of an clastomer-type, or-
ganic solvent dissipation type adhesive, supplied by
Nippon Zeon Co., Ltd.), 8G4693 (trede name of an
organic solvent dissipation type adbesive, supplied by
3M Co,, Ltd.), etc.

3. Film sealing

In this method, a shield layer is formed by covering
the protection layer-coated device witk a polymer film,
In this case, the protection layer-coated device as 2
whole (including the substrate when the laminated
structure is formed on the substrate} may be covered
with a polymer film, or in the protection layer-coated
device in which the Jaminated structure is formed on
the substrate, the protection layer side surface alone
may be covered with a polymer film.

‘When the protection layer-coated device as a whole
is covered with a polymer film, the protection layer-
coated device is covered with polymer films from
above aad below, and the upper-positioned and lower-
positioned polymer films are themoally fused and
bonded to each other along the marginal portion of the
protection layer-coated device. When the protection
layer side surface alone is covered with a polymer film,
the marginal portion of the polymer film and the sub-
strate are bonded to each other with an adhesive, or
when the laminated structure is formed on a polymer
substrate, the marginal portion of the polymer film and
the substrate are thermally fused and bonded to each
other,

Concerning the material of the polymer film, pre-
ferred is a polymer film which satisfies the conditions (i}
a (i), Specific examples thereof include polyethylene,
polypropylene, polyethylene terephthalate, polymethyl
methacrylate, polystyrene, polyether sulfone, polyary-
late, polycarbonate, polyurethane, an acrylic resin,
polyacrylonitrile, polyvinyl acetal, polyamide, poly-
imide, a diacrylphthalate resin, a cellulose-containing
plastic, polyvinyl acetate, palyvinyl chloride, polyvi-
nylidene chloride, and copolymers obtained from two
or at least three of these, Particularly preferred as a
polymer film are flms obtained by subjecting to a
stretching method, ete., polymer compounds having
low water vapor permeability such as polyvinyl fluo-
ride, polychlorotriflucroethylere, polytetrafluorcethyl-
ene, a fluorine-containing polymer compound disclosed
in JP,A 65-18964, a fluorine-containing polymer com-
pourd disciosed in JP,A 6322206, a flucrine-containing
palymer componnd disclosed in JP,A 63-238115, and
the like. In eddition, the polymer film used for covering
the surface of the protection layer-coated device ather
than the light-emitting surface may be a film which does
not satisfy the condition (ji).

The polymer film used here may be a single-layered
film, while it is more preferred to wse a polymer film
having a structure of & plurality of layers in which a

e
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moisture absorbent layer of nylon 66, polyvinyl alcohel,
or the like is formed. The polymer film baving a stroc-
ture of a plurality of Jayers in which the moisture absor-
‘bent layer is formed is used so that the moisture absor-
bent layer is in coptact at least with the profgction layer.

c. Electrically insulating airtight fluid

A shield layer'is fdrmed by sealing both the organic
EL device provided*with the protection laytr (protec-
tion layer-coated device) and 2 gas or a liguid satisfying
the condition (i) in a cortainer such as glass container, a
ceramic container, & plastic container, or the like which
satisfies the above condition (). When the container
wail and the airtight fiuid are positioned outside the
light-emitting surface of the protection layer-coated
device, these are required to satisfy the above condi-
tions (ii} as well.

In the protection layer-coated device in which the
laminated structure is formed on the substrate, the sub-
strate mey be used as part of the above container. The
container is formed by bonding necessary members
with 2 low-melting-point glass, solder, an zirtight-seal-
ing epoxy resin, or the like.

The gas sealed in the container preferably includes
inert gases such as z He gas, an’ Ar gas, a Ne gas, etc.
‘The liqnid includes a silicone oil, etc. When the sub-
strate is used as part of the container in which the liquid
is sealed in, a moisture absorbent such as silica gel,
activated carbon, or the like may be included on the
premise that the protection layer side of the protection
layer-coated device will not be used as a light-emitting
surface.

‘Wher the shield layer is provided outside the protec-
tion Jayer as described above, the infiltration of water,
oxygen, ete., into the light-emitting layer is further

10

inhjbited by these two layers. Therefore, there can be 35

obtained an organic EL device having 2 longer life than
an organic EL device provided with the protection
layer alone.

As explained above, the organic EL device of the

present invention has the protection layer on the outer 40

surface of the Jaminated structure, Even when this pro-
tection layer is formed by 2 formation method different
from that for the light-emitting layer or by means of a
film-forming apparatus different from that for the light-
emitting layer, it can be produced for a short produc-
tion time for which the light-cmitting layer is exposed
to the atmosphere. Therefore, it can be formed while
fully preventing the infiltration of water, oxygen, etc.,
into the light-emitting layer at the production step.

45

After the protection layer is formed, the infiitration of 50

water, oxygen, etc., into the light-emitting layer can be
fully prevented by this protection layer.

Therefors, the organic EL device of the present in-
vention has a longer life than any conventional organic
EL device.

Further, & vacuum vapor deposition metkod is ap-
plied to the method of forming the lamjnated stracture
on the substrate and the method of forming the protec-
tion layer, whereby the formation of the laminated
structure and the formation of the protection layer can
be carried out as a series in one vapor deposition appara-
tus. In this case, the intesface between one layer and a
neighboring layer does not contact water, oxygen, etc.,
and thercfore, there can be obtained an organic EL
device having a much longer life.

‘When the shield layer is formed outside the protee-
tion layer, the infiltration of water, oxygen, etc., inta the
light-emitting layer can be further inhibited. Therefore,

55
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there can be obtained an organic EL device having 2
longer [ife than an arganic EL device provided with the
protection layer atone.

As described above, the organic EL device of the
present invention js an organic EL device which can be
structurally produced as a device having a long life.

Examples of the present invention will be described
hereinafier. In the following Examples, organic EL
devices of the present invention which were provided
with a protection layer alone are consecutively referred
to as an organic EL device A1, an arganic EL device
As, ... an organic EL device Ay, and organic EL de-
vices which were provided with a shield layer outside
the protection layer as well are consecutively referred
to as an organic EL device By, an organic EL device By,
... an organic EL device B,

EXAMPLE 1

A glass plate having a size of 286X75x 1.1 mm on
which ag ITO electrode having a film thickness of 100
nm was formed (supplied by HOYA Corp.) was used as
a transparent substrate. This transparent substrate was
subjected to ultrasonic cleaning with isopropyl alcokol
for 30 minutes, and then cleaned with pure water for 30
minates. Further, it was subjected to vltrasonic cleaning
with isopropyl alcohol for 30 minutes.

The cleaned transparent substrate wes fixed on a
substrate holder n 2 commercially available vacuum
vapor deposition apparatus (supplied by Nihon Shinku
Gijutsu K. K, (ULVAC)]. And, 200 mg of N,N'-diphe-
nyl-N,N'-bis-(3-methylphenyl)  -(1,1-bisphenyl)-4,4'~
diamine (to be referred to as “TPDA” hereinafter) as
materizl for a hole-injecting layer was placed in 2 mo-
Iybdenum resistance heating boat, and 200 mg of tris(8-
quinolinol)aluminurm {to be referred to as“‘Alq.” herein-
after) as a materjal for a light-emitting layer was placed
tn other molybdenum resistance heat boat. The pressure
in the vacuum chamber was reduced to 1 X 10—4 Pa.

Then, the molybdenum resistance heating bozt in
which TPDA was placed was keated up to 215° to 220°
C. to deposit TPDA on the ITO film constituting the
transparent substrate at a deposition rate of 0.1 to 0.3
nm, whercby a hole-injecting layer having a layer thick-
ness of 60 nm was formed. At this time, the substrate
temperature was at 1oom temperature. Then, while the
transparent substrate on which the hole-injecting layer
was formed was fixed on the substrate hoider, the mo-
[ybdenum resistance heating boat in which Alg. was
placed was heated up to 265° to 273° C, to deposit Alg,
on the hole-injecting layer at a deposition rate of 0.1 to
0.2 um, whereby a light-emitting layer having a layer
thickness of 60 nm was formed. At this time, the sub-
strate temperature was also at room temperature.

Then, 1 g of magnesium as a material for au electrode
was placed in the molybdenum resistance heating boat,
500 mg of indium was placed in the other molybdenum
resistance heating boat, and the pressure inside the vac-
uum chamber was redaced to 2X10~4 Pa. Then, the
molybdenum resistance heating boat in which magne-
siom was placed was heated up to about 500° C., and the
molybdenum resistance heating boat in which indinm
was placed was heated up to about 800° C. to concur-
rently deposit magnesium on the light-emitting Jayer at
a deposition rate of 1.7 to 2.8 nm and indium at a deposi-
tion rate of 0.03 to 0.8 nm, whereby there was formed a
150 nmn thick electrode {opposite electrode) of a mixed
metal of magnesinm and indium. At this time, the sub-
strate temperature was zlso at room temperature.
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‘Theresfter, a protection layer was formed on the
outer surface of the laminated structure formed, on the
glass plate, of the ITO electrade, the hole-injecting
layer, the light-emitting layer and the oppasite elec-
trode, by means of the same vacuum deposition appara-
tus as that used for the formation of the lamioated struc-
ture in the following manner.

At first, as shown in FIG. 1, an alumina crucible 4
containing 1.5 g of a commercially available chlorotri-
fluoroethylene homopolymer (trade name: Kel-F, sup-
plied by 3M Co., Ltd., molecular weight 100,000, to be
referred to as “PCTFE” hereinafter) as a deposition
source for a protection layer was placed in 2 tungsten
basket resistance heater S positioned in a vacunm cham-
ber 2 constitating & vacuum vapor deposition apparatus
1, and 2’12 pm@ stainless mesh § was covered on the
alumina crucible 4. Further, the transparent substrate 6
on which the laminated structire was formed was ar-
ranged above the tungsten basket resistance beater 3
through a shutter 7.

Then, the pressure in the vacuum chamber 2 was
reduced to 13104 Pa, and electricity was applied to
the tungsten basket resistance heater 3 to heat the depo-
sitdon source (PCTTE) to 478" C, and form a fluorine-
containing polymer layer [PCTFE thin film (protection
layer)] having a thickness of 1.2 pm on the outer surface
of the laminated structure at a deposition rate of 0.5
om/s. The substrate temperature at this time was again
- at room temperature. The formation of the protection
layer on the outer surface of the laminated structure
gave au arganic EL device A) of the present invention.

In addition, the layer thickness and deposition rate of
each of the layers other than the ITQ electrode were
controlled by monitoring the thickness of each deposi-
tion leyer with a quartz oscillator type film thickness
monitor 8 (supplied by Nihon Shinku Gijutsu ¥, XK.
(ULVAC)) arranged ir the vacuam chamber 2. Each of
the so-obtained layers was measpred for a thickmess
with a probe type film thickness measuring device, and
it was confirmed that the so-obtained values were in
agreement with reading by the quartz oscillator type
film thickness monitor 8. The quartz oscillator type film
thickness monitor 8 was provided with a support tool 9
including a tube for coolant water for cooling the
quartz oscillator type film thickness monitor 8, and this
support tool 9 was supported by a support wall 10 posi-
tioned outside the vacuum chamber 2.

EXAMFLE 2

Exemple i was repeated except that the thickness of
the PCTFE thin film was changed to 400 nm (0.4 pm)
to give an organic EL device Az of the present inven.
tion.

EXAMYLE 3

A laminated structure having an ITO electrode, a
hole-injecting layer, a Jight-emitting layer and an oppa-
site electrode was formed on a glass plate exactly in the
same manner as in Example 1.

Then, a fluorine-containing polymer layer [Teflon
AF thin film (protection layer)] having a layer thickness
of 0.8 pm (800 nm) was formed on the outer surface of
the laminated structure formed on the glass plate in the
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same manner as in Example 1 except that 1.5 g of an |

amorphoas copolymer powder (trade name: Teflon AF,
supplied by E. L du Pont de Nemoure & Co.) obtained
from tetrafluproethylene and petfluoro-2,2-dimethyl-
1,3-dioxole was used as a deposition source for a protec-
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tion layer and that the temperature for heating this
deposition source was set at 455° C. At this time, the
sibstrate temperatore was at room temperature, The
formation of the protection layer on the outer surface of
the laminated structure gave an organic EL device Az
of the present invention.

EXAMFLE 4

The same transparent substrate as that used in Exam-
ple 1 was subjected to ultrasonic cleaning with isopro-
pyl alcohol for 5 minutes, cleaned with pure water for 5
minutes and then subjected to ultrasonic cleaning with
isopropyl alcohol for 5 minutes,

Then, a hole-injecting layer, a light-emitting layer
and an opposite electrode were formed on the cleaned
transparent substrate in the same manner as in Example
1 to give a laminated structure having an ITO electrode,
the hole-injecting layer, the light-emitting layer and the
opposite electrede.

Thereafter, a fluorine-containing polymer layer
[Cytop thin film (protection layer)] baving a layer
thickness of 0.8 pm (800 nm) was formed on the outer
surface of the laminated structure formed on the glass
plate in the same manmer as in Examptle 1 except thet 1.5
g of xn amorphous radical copolymer powder (trade
name: Cytop, supplied by Asahi Glass Co., Ltd., inttin-
sic viscosity 0.425) of 65.8 mol, % of tetrafluorcethyl-
ene and 34.2 mol. % of perfllucroallylvinyl ether
(CF;—=CF—0—CF;—~CF=CF3) was used as a deposi-
tion source for a protection layer and that the tempera-
ture for heating this deposition source was set at 460° C
At this time, the substrate temperature was at room
temperature. The formation of the protection layer on.
the outer surface of the laminated structure gave an
organic EL device A4 of the present invention.

EXAMPLE 5

An ITO film having a thickness of 100 nm was
formed on a glass plate having 2 size of 23X 75X 1.1 mm,
(white sheet glass, supplied by HOYA Corp.) as a sub-
strate, and used as a transparent electrode (the substrate
on which the ITO film was formed is referred to as
““transparent substrate” hereinafier). This transparent
substrate was subjected to ultrasonic cleaning with iso-
propyl alcohol for 30 minutes, cleaned with pure water
for 5 minutes and then rinsed with isopropyl alcohal,
and it was dried by blowing an N3 gas against it. Then,
the transparent substrate was cleaned with a UV ozone
cleaning apparatus (supplied by Samco International)
for 10 minutes.

A hole-injecting layer having a thickaess of 60 nm
was formed from TPDA on the ITO film of the cleaned
transparent substrate i the same manner as in Example
i. Further, a light-emitting layer having a thickness of
60 nm was formed from Alg. on the hole4njecting layer’
in the same manner as in Example 1. During the forma-
tion of these, the substrate temperature was at 100m
temperature.

Afier the light-emitting layer was formed, a molybde-
num resistance heating boat in which 1 g of magnesinm
had been placed prior to the formation of the hale-
injecting layer and a molybdenurn resistance heating
boat in which 500 mg of silver had been similarly placed
were raspectively heated without destroying the vac-
uum environment. And, the magnesium was deposited
at a deposition rate of about 1.5 nm/s, and at the same
time, the silver was deposited at a deposition rate of
about 0.1 nm/s to form a 150 nm thick electrode (oppo-
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site electrade) of 2 mixed metal of magnesiom and sil-
ver. The formation of the ITO film (electrode), the
hole-injecting layer, the light-emitting layer and the
opposite electrode on the substrate gave an organic EL
device. In this organic EL device, the laminated struc- 5
ture was formed of the ITO film {electrode), the hole-
injecting layer, the light-emitting layer and the opposite
clectrode.

‘Thereafter, a fluorine-containing polymer layer [Tef-
lon AF thin film (protection layer)] heving a layer
thickness of 0.8 pm (800 nm) was formed on the outer
suzface of the laminated structure in the same meanner as
iz Example 3. However, Teflon AF as a depasition
source for the protection layer had been placed in an
alumina crucible prior to the formation of the hole-
injecting layer, and the crucible had been placed in a
tungsten basket prior to the formation of the hole-inject-
inglayer. And, the protection layer was formed without
destroying the vacuum epvironment in the vacuumm
vapor deposition apparatus after the formation of the 20
opposite elecirode, in other words, in a vacuum envi-
ronment as a series starting the formation of the hole-
injecting layer. The substrate temperature at 2 protec-
tion layet formation time was at room temperature. The
formation of the protection layer on the outer surface of 25
the laminated strocture gave an organic EL device As
of the present invention.

EXAMPLE 6

At first, an organic EL device Aswas obtained in the
same manner as in Example 5.

Then, this crganic EL device As was taken out of the
vacuum chamber, and a shield layer was formed outside
the protection layer in the following manner.

An electrically insulating glass substrate (the glass 35
had a size of 25X 75% 1.1 mm) having a 350 nm thick
polyvinyl alcohol (to be referred to as “PVA™ hercinaf-
ter) layer as a moisture absorbent layer on one main
surface was prepared This glass substrate had been
obtained by dropping 1 ml of a sclution prepared by 40
mixing 3% by weight of-a PVA powder, 0.05% by
weight of hydrochloric acid and 96.5% by weight of
water on a slide glass, spin-coating it with a spin-coating
apparatus (supplied by Mikasa K. K.} at 500 rpm for 30
seconds, air-drying it for 8 hours, and drying it in a
vacuum dryer (supplied by Yamato Kagaku Co., Ltd.)
at 60° C. for 10 hours.

Then, an epoxy-based adhesive (Cemedine Hisuper 5,
supplied by Cemedine Co., Lid.) was applied to the
margieal portion of the PVA laver side of the above
glass substrate so that the applied portion was about 0.5
mm wide, and thereafter, this glass substrate and the
organic EL device A were attached to each other. This
attaching was carried out such that the PV A layer and
the protection layer were in contact with each other.
The epoxy-based adhesive was used after its main com-
ponent and its curing agent were stirred with a spatula
20 times.

Thereafter, the epoxy-based adhesive was cured in
atmosphere for 10 hours, whereby the shield layer of an 60
electrically insulating glass was formed outside the pro-
tection layer. The formation of this shield layer gave an
organic EL device B of the present invention,

EXAMPLE 7

An organic EL device (provided with no protection
layer) was prepared in the same menner 2s in Example
5, and then, after the vacuum environment of the vac-
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uum vapor depusition apparatus vsed for the formation
of the laminated stmuctare was once destroyed, a protec-
tion layer was formed on the outer surface of the lami-
nated structure with the same vacuum vapor disposition
apparatus as that used for the formation of the laminated
structure.

At first, an slumina crucible containing 1 g of high-
density polyethylene (trade name 440M, supplied by
Idemitsu Petrochemical Co., Ltd) as a deposition
source was placed in a tungsten basket, and a 12 pm@
stainless steel mesh was covered on this alumina cruci-
ble. Then, the above-obtained organic EL device was
set on a sample holder, and the pressure in the vacunm
chamber was reduced to 1 X 10—+ Pa. Thereafter, the
deposition source was heated to 400° C. by applying
electricity to the tungsten basket to form a 0.3 pm (300
nm) thick high-density polyethylene thin film (protec~
tion layer) on the outer surface of the laminated struc-
tare at 2 deposition rate of 0.5 nm/s. The formation of
the protection layer on the outer surface of the lami-
nated structure gave an organic EL device Ag of the
present invention.

Thereafter, the organic EL device Ag was taken out
of the vacuum chamber, and an epoxy-based adhesive
(Cemedine Super 5, supplied by Cemedine Co., Ltd.)
was applied to the protection layer such that the adhe-
sive thickness was 2 rum thick. The organic EL device
Ag was allowed to stand in the atmosphere for 5 hours
to cure the epoxy-based adhesive, whereby a shield
layer was formed, The formation of this shield layer
gave an organic EL device Bj of the present invention,
In addition, the epoxy-based adhesive was applied with
it on a spatula after its main component and curing
apent were stirred with the spatula 20 times.

EXAMPLE 8§

Asshown in FIG. 2, a glass plate 11 (white sheet glass
supplied by HOYA Corp.) having a size of 2575 1.1
mm on which 10 mm X 75 mm X 100 nm ITO fikms 122
and 126 were Formed was used as a transparent sub-
strate 13, and an organic EL device Ay was obtained in
the following manner.

A mask was covered on the ITO Film 124, and then
a hole-injecting layer and a light-emitting layer were
formed in the sarne manner as in Example 5. Thereafter,
the mask covering the ITO film 12z was removed by
means of the sutomatic mask exchange mechanism fixed
to a vapor deposition apparatus, Then 2 mask was cov-
ered on the marginal poridon, 5 mm wide, of the ITO
film 12z along the longitndinal direction with the above
mechanism. Thereafter, an opposite electrode and a
protection layer were formed in the same manner as in
Example 5 to give an organic EL device A7,

As shown in FIG. 3, in the so-obtained organic EL
device Az 14, & hole-injecting layer 15 was formed from
that surface portion of the glass plate 11 which was
positioned between the two ITO films 12¢ and 125 to
the main surface of the ITO film 125, and a light-emit-
ting layer 16 was forrmed on this hole-injecting layer 15.
And, the opposite electrode 17 was formed on the light-
emitting layer 18 and on that half of the main surface of
the ITO film 12¢ which was to the center, and a protec-
tion layer 18 was formed on the main surface of the
oppasite electrode 17. In this organic EL device A7 14,
a laminated structare 19 was formed of the ITO elec-
trode 126, the hole-injecting layer 15, the light-emitting
layer 16 amd the opposite electrode 17. Thus, all the
layers from the hole-injecting layer to the protection
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layer were produced in a vacuum environment as z
series,

Thereafter, the organic EL device Az 14 was taken
out of the vacuum chamber, and a protection layer 18
was formed outside the protection layer 18 ir the fol-
lowing manner.

At first, those portions of the hole-injecting layer 15,
the light-emitting layer 16, the opposite electrode 17
and the protection layer 18 which were spreading 5 mm
wide in the srarginal porticn of the ITQ film 125 along
its longitudinal direction were cut off. Those portions of
the hole-injecting layer 15, the light-emitting layer 16,
the oppasite electrode 17 and the protection layer 18
which were spreading 5 mm wide along tile width di-
rection of the glass plate 11 were also cut off such that

. the remaining thickness was substantially a sum of the

thickness of the glass plate 1T and the ITO film thick-
ness.

Then, there was prepared a glass plate (onter diame-
ter: 20X 75X 5 mm, to be referred to as “shield glass”
herein after) having a 18X 75X 2 mm concave portion
and a through hole (to be referred to as “inlet” hereinaf-
ter) having a diameter of 2 mm, provided in the bottom
of the concave portion. This shield glass and the or-
ganic EL device A7 14 were bonded to each other with
an epoxy-based adhesive (trade name: Cemedine Hlisu-
per 5, supplied by Cemedine Co,, Ltd.), The epoxy-
based adhesive was applied to the marginal portion of
the above organic EL device A714 so that 2 205¢75 mm
rectangular form having a line width of 1 mm was
formed, after its main component and curing agent were
mixed and stirred with a spatula 20 times. Further, the
bonding of the shield glass and the organic EL device
A7 14 was carried ovt such that the opposne electrode
17 and the protection layer 18 went into the concave
portion of the shieid glass, After the bonding, the device

5
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was allowed to stand in the atmosphere for 10 hours to -

cure the epoxy-based adhesive.

Then, asilicone oil (trade name: TSK451, supplied by
Toshiba Corp., ta be referred to as “insuiating oil” here-
inafter) in which 8% by volume of silica gel (particle
dlameter 50 pm) for moisture absotption was dispersed
was injected through the inlet provided in the shield
glass so that the space formed with the concave portion
of the shield giass and the organic EL device A7 14 was
filled with the insulating oil. This insnlaﬁng oil corre-
sponds to a shield layer.

‘I'hereafter, the inlet was sealed with a glass cover to
give an organic EL device Bz in which the shield layer
was formed outside the protection layer. The glass
cover was bonded to tile shield glass with the above
epoxy-based adhesive.

FiG. 4 schem.anca.lly shows the end face of the Fi-
nally obtained organic EL device B3. Asshown in FIG.
4, the organic EL, device B3 20 had a laminated struc-
ture 19 formed of the ITO film 125 formed on the sur-
face of the glass plate 11, the hole-injecting layer 15, the
lightereitting Jayer 16 and the opposite electrode 17,
and the protection layer 18 formed of a Teflon AF thin
film was provided on the outer surface of the lamirated
structure 19, The shield layer 21 formed of the insulat-
ing oil was provided outside the protection layer 18,

. and the shield glass 23 which was bonded in place with

the epoxy-based adhesive 22 to form tile shield layer 21
was pasitioned outside the shield layer 21. Further, the
inlet 24 provided in the shicld glass 23 was sealed with
a glass cover 26 which was bonded in place with the
epoxy-based adhesive 25. The opposite electrode 17

40
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was also in. contact with the ITO Fifie 124 Formed on
the surface of the glass plate 11.

EXAMPLE 9

A laminated structure having an ITO electsode, a
hole-injecting layer, a light-emitting layer and an oppo-
site electrode was formed on a glass plate in the same
manner as in Example 5.

Then, a fluorine-containing polymer layer [PCTFE
thin film (protection layer)] having a layer thickness of
1.2 pm (1,200 nm) was formed on the outer surface of
the laminated struciure formed on the glass plate in the
same mauner as in Example 5 except that 1.8 g of pellets
of polychlorotrifluorcethylene (PCTFE) (trade name:
Kel-F, supplied by 3M Co., Ltd.) was used as a deposi-
tion source and that the temperature for heating the
deposition source was sct at 478° C, At this time, the
substrate temperature was at room temperature. The
formation of the protection layer on the outer surface of
the laminated structure gave an organic EL device Ag
of the present invention.

Thereafter, a shield layer was formed outside the
protection layer in the same manner as in Example 6 to
give an organic EL device B4 of the present invention.

EXAMPLE 10

A laminated structure having an ITO electrode, a
hole-injecting layer, 2 Light-emitting layer and an oppo-
site electrode was formed on a glass plate in the same
manner as in Example 5.

Then, a fluorine-containing polymer layer [Cytop
thin film (protection layer)] having a layer thickness of
0.8 pm (800 nm) was formed on the outer surface of the
laminated structure formed on the glass plate in the
same manner as in Example 5 except that 1.5 g of a press
plate of an amorphous radicel polymer powder (t:rade
name: Cytop, supplied by Asahi Glass Co., Ltd., intrin-
sic viscosity 0.425) obtained from 65.8 mol. % of tatra-
flucroethylene and 34.2 mol % of perfluoroallylvinyl
ether (CFy—=CF—0—CF—CF=CF>) was used as a
deposition source for & protection layer and that the .
temperature for heating this deposition source was set at
460" C,, At this time, the sobstrate temperature was at
room tempemature, The formation of the. protection
layer on the outer swtface of the laminated structure
gave an organic EL device Ao of the present invention.

A shield layer was formed outside the protechon
layer in the same manner as in Example 6 to give an
organic EL device Bs of the present invention.

COMPARATIVE EXAMPLE 1

Example 1 was repeated except that the fluorine-con-
taining polymer layer [PCTFE thin film] was not
formed, to give an organic EL device.

COMPARATIVE EXAMPLE 2

Example 3 was repeated except that the fluorine-con-
taining polymer Iayer [Teflon AF thie film] was not
formed, to give an organic EL device.

COMPARATIVE EXAMPLE 3

‘Example 4 was repeated except that the flnorine-con-
taining polymer layer [Cytop thin film] was not formed,
to give an organic EL device.

COMPARATIVE EXAMPLE 4

An organic EL device (having no protection layer)
was obtained in the same manner as in Example 5, and
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neither a protection layer nor 2 shield layer was formed
on this organic EL device,

COMPARATIVE EXAMPLE 5

Ax organic EL device (having no protection layer)
was obtained in the same manper as in Example 5, and
a cured layer of an epoxy-based adhesive was formed
directly on the oppasite electrode of this organic EL
device in the same manner as in Example 7.

The organic EL devices obtained in the above Exam-~
ples 1 to 10 and Comparative Examples 1 to 5 were
tested on their lives in the following manner.

Life Test 1

The organic EL devices obtained finally in Example
1, Example 2, Example 3, Example 4, Comparative
Example I, Comparative Example 2 and Comparative
Example 3 were allowed to stand in the atmosphere for
2 days, and then, whilc a direct curxent at a constant
value (1.0 mA) was being applied to each sample, the

brightness and charged voltage were measured in the 20

atmosphere at predetermined time intervals.

Of these measurement results, the resoits of measure-
ment of the organic EL devices obtained in Example 1,
Example 2 and Comparative Example 1 for 2 brightpess
are showz in FIG. 5, the results of measnrement of the
organic EL devices obtained in Example 1, Example 2
and Comparative Example | for a charged voltage, in
FIG. 6, the results of measurement of the organic EL
devices obtained in Example 3 and Comparative Exam-
ple 2 for a brightness, in FIG, 7, the results of measure-
ment of the organic EL devices obtained in Example 3
and Comparative Example 2 for a charged voltage, in
FIG. 8, the results of measurement of the organic EL
devices obtained in Example 4 and Comparative Exam-
ple 3 for a brightuess, in FIG. 9, and the results of mea-
svrement of the organic EL devices obtained in Exam-~
ple 4 and Comperative Example 3 for a charged volt-
age, in FIG. 10.

The measurement of the brightness was carried out,
as shown in FIG. 11, by continucusly providing a cur-
rent from 2 current generator 36 to an organic EY. de-
vice 30 in which an ITO electrode 32 formed on the
surface of a substrate 31 of the organic EL device 30
was an anode and an opposite electrode 35 formed on
the ITO electrode 32 through a hole-injecting layer 33
and a light-emitting layer 34 was a cathode, photoelec-
trically transferring light L from the organic EL device
30 with a photodiode 37 and calculating z relative
brightuess on the basis of the value of an output voltage
from the photediode 37. Further, the charged voltage
was measured with time by means of a voltmeter 38 as
shown in FIG. 11. In addition, in the organic EL device
30 shown in FIG. 11, a laminated structure having the
ITO electrode 32, the hole-injecting layer 33, the light-
emitting layer 34 and the opposite electrode 35 was
provided with a protection layer 39 on the outer surface
thereof.

As is clear in FIGS. 5 to 10, the lives of the organic
EL devices of the present invention obtained in Exam-
ples 1 to 4 ate overwhelmingly longer than those of the
organic EL devices of Comparative Examples 1 to 3
which were provided with no protection layer on the
outer surfaces of their laminated structures. ‘This shows
that the infiltration of water and oxygen into the light-
emitting layers bas been prevented by the protection
layers.

Life Measurement 2
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The organic EL devices finally obtained in Example
1, Example 4, Example 3, Example 6, Example 7, Exam.-
ple §, Example 9, Example 10 and Comparative Exaru-
ple 5 were allowed to stand in atmosphere for 7 days,
and then a direct ctirrent was provided to each sample
such that the initial brightness was 100 cd/m?2. Thereaf-
ter, each sample was measured for a brightness at a
copstant current (direct current value at whick the
initial brightness was 100 cd/m?) in the atmosphere at
predetermined time intervals, and a time required for
the brightness to be reduced to  of the initial brightness
was measured. Further, while a current was continu-
ously applied after the brightness was reduced to &, a
time required for the brightness to be reduced to O
cd/m? was messured, and this time was taken as a de-
struction time of the device.

In addition, the brightness was measured by conting-
ously providing a current from a direct current source
to the orgenic EL device in which the ITC film on
which the electron-injecting layer was formed was an
anode and the opposite electrode formed on the ITO
film through the hole-injecting layer and the light-emit-
ting layer was a cathode, photoelectrically trensferring
EL light from the organic EL device with a photodiode
and caleculating the brightness on the basis of the so-
obtained output voltage.

Table | shows the measurement results,

TABLE 1

Timea raquired

for brightness

to be reduced

to § of initial Destruetion
Qrganic EL device brightness® time of device
Organic EL devies Ay 120 hours 1,500 bours
of Example 1
Organic EL device Ay 100 hours 1,000 hougs
of Example 4
Organic EL device Ag 100 hours 1,000 bours
of Example §
Organic EL device By 1,200 hours 3000 hours or more
of Example §
Organic EL devide By 700 hours 3,000 hours or more
of Example 7
Organic EL device By 1,100 hours 5000 hours or more
of Example &
Organjc EL device By 1,500 hours 5,000 hours or more
of Example 9
Osganic EL device Bg 1,200 houss 5,000 hours or more
of Example 10
Organic EL device of 30 hours 306 hours
Compagative Example 4
QCrganic EL device of Dievice was too carraded with adhesive

Comparative Example 5
*; Initia] brightares was 100 ¢d/m?.

10 emit light

As is shown in Table 1, any one of the organic EL
devices having protection layers (crganic EL devices A
and organic EL devices B), obtained in Examples, hes a
much longer life than the organic EL device having no
protection layer, obtained in Comparative Example.
And, each of the organic EL devices having shield
layers outside the protectior layers, obtained in Exam.
ples 6 to 10, has a longer life than any one of the organic
EL devices A of the present invention having the pro-
tection Jayers alone (organic EL devices A obtained in
Examples 1, Example 4 and Examples 5).

As js clear from the results of the above-described life
test 1 and life test 2, organic EL devices having a long
life can be provided by working the present invention.

We claim;

1. An organic electroluminescent device comprising
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(a) 2 laminated structure including a hght-enmtung
layer formed of a luminescent organic solid which
is disposed between mutually opposing positive
and negative electredes, the luminescent organic
solid being injectable with electrons from the nega-
tive electrode and holes from the positive electrode
when direct current is charged between the posi-
tive electrode and the negative electrode and
thereby having an excited state therein to recom-
bine the electrons and the holes injected into the
luminescent organic solid for light emission, and

(b) 2 film of an electrically insulating polymer com-
pound as a protection layer which is deposited on
an outer surface of the laminated structure, said
film being formed of at Jeast one layer of a fluorine-
containing copolymer obtained by copolymerizing
2 monomer mixturs containing tetrafluoroethylene
and at Jeast one cyclic ether compound baving a
carbon-carbon unsaturated bond of the formnla

e

o o
xS -
R

wherein each of X and X’ is selected from the group
consisting of ¥, Cl and H,
X and X' are the same or different from each other,
and R is —CF=CF— c¢r has the formula

R

NS
C

7N

R

wherein eack of R’ end R” is selected from the group
consisting of F, Cl, —COF a —CQO C;-Cg-atkyl
group, a C1-Cg-alkyl group, an nnsubstituted perfiuori-
nated Cy-Cg-alkyl group and a hydrogen-substituted
perfluorinated C1—Cg-alkyl group.

- ' 2. The organic-electroluminescent device according
to claim 1 wherein the protection layer is a film of an
electrically insulating polymer compound formed by a
physical vapor deposition method. - *

3. The orpanic electroluminescent device according
to claim .2, wherein the ‘physical vapor deposition
method is a

4 An orgamc -electmlummsccnt ‘device comprising

(a) a laminated structure comprising a light-emitting

layer formed of a luminescent organic solid which
is disposed between mmtually opposing positive
and megative electrodes, the Inminescent organic
solid being injectable with electrons from the nega-
tive electrode and holes from the positive electrode
when direct current is charged between the posi-

30

tive electrode and the negative electrode and .

thereby having an excited state therein to recom-
bine the electrons and the holes injected into the
luminescent organic solid for light emission, and
(b) a fiim of an electrically insulating polymer com-
pound as a protection layer deposited on an outer
surface of the laminated structure, said protection
layer witk moisture resistance being provided with
a shield layer on an onter surface of the protection
layer, the film of the polymer having a layer struc-
tare formed of at least ane layer of a fluorine-con-
taining copolymer, wkerein the fluvorine-containing
copolymer is a copolymer aobtained by copolymer-

o

28
izing a monomer mixture containing tetrafluoro-
ethylene and at least one cyclic ether cornpound
having a carbon-carbon unsaturated bond of the
formula

P
¢ o
N/
R

wherein each of X and X' is selected from the group
consisting of F, Cl and H,
X and X' are the same or different from each other,
and R, is —CF=CF— or has the formula

-
N/
. c
N
B

wherein each of R’ and R* is selected from the group
consisting. of F, Cl, —COF 'a —CO0 C|-Cg-alkyl
eroup, a Cy-Cg-alkyl group, an unsubstituted perfluori-
nated C3-Cg-alkyl group and a hydrogen-substituted
perfluorinated C)-Cg-alkyl group.

5. The organic electroluminescent device according
to claim 4, wherein the shield layer is formed of one
selected from the group consisting of an electrically
insulating glass, an electrically insulating polymer com-
pound and an eleckically insulating airtight fluid con- -
taiped in an electrically insulating container.

6. An organic electroluminescent device comprising

(a) a laminated structure comprising a light-emitting

layer formed of a luminescent organic solid which
"is disposed between mutually opposing positive
and negative electrodes, the luminescent organic
solid being injectable with electrons from the nega-
tive electrode and holes from the positive electrode
when direct current is charged between the posi-
tive electrode and . the negative electrode and
thereby having an excited state therein to recom-
bine the electrons and the holes injected into the
Juminescent organic solid for light emission, and
(b) a film of an electrically insulating polymer com-
ponnd as g protection layer deposited on an outer
surface of the laminated structure, said protection
layer with moisture resistance being provided with
2 shield layer on. an outer surface of the protection
layer, the film of the polymer having s layer struc-
ture formed of at least one layer of a fluorine-con-
taining copolymer, wherein the Auorine-containing
copolymer is a2 copolymer abtained by radical-
polymerizing (i} a perfluoroetker having a double
bond at each of the two terminsls, represented by
the formula (I0),

CF=CF—{CF)y—0—(CF))w—CF=CF2 a

wherein each of mand n is independentiy of each other,
an integer of 0 to 5, and m-+-n is an integer of 1 to 6 and
(ii) 2 monomer radical-polymerizable with the perfluo-
roether of the formula (II).

7. The organic electroluminescent device according
to claim 1, wherein said cyclic ether compound is in an
amount of 0.01 to 99% by weight based on the total
amount of the tetrefluoroethylene.
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8. The organic electroluminescent device according
to claim 1, wherein said cyclic ether compound is in an
amount of 11 to 80% by weight based on the total
amonnt of the tetrafluoroethylene.

9. The organic electroluminescent device according
to claim 8, wherein the fluorine-containing copolymer
has a glass transition point of not less than 50° C.

10. The organic electroluminescent device according
to claim 9, wherein the cyclic ether componnd is se-
lected from the group consisting of

fF=(I:F, 'I:. T“F and ICF ICF

] a O [o} o [a]

NS N S N Ve
< o] CF=CF

N VAN

CFs CFRiF F

1L The organic electroluminescent device according
to claim 13, wherein cyclic ether compound is in an
amount of 0.01 to 99% by weight based on the total
amount of the tetrafluoroethyleda.

ic
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12. The organic electroluminescent device according
to claim 13, wherein the cyclic ether compound is in an
amount of i1 to 80% by weight based on the total
amount of the tetrafluoroethylene.

13. The organic electroluminescent device according
to claim 12, wherein the fluorine-containing copolymer
has a glass transition point of not less than 50° C.

14. The organic electroluminescent device according
to claim 13, wherein the cyclic ether compound is se-
lected from the group consisting of

T
o, o O 0 o Q
N7 NS N Ve
C C CF=CF
/N VRN
CF3 CF3 F F

15, The organic electroluminescent device according
to claim 6, wherein the perflusroether is selected from
the group consisting of perfluoroallylvinylether, per-
fiuorodiallyether, perfluorobutenylvinylether, per-

fluorobutenylaliylether and perfluorodibutenyiether.
x ¥ % ¥ ¥

LIy
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[57] ABSTRACT,

An active matrix electroluminescent display (AMELD)
having an improved light emitting efficiency and meth-
ods of operating the AMELD to produce gray scale
operation comprises a plurality of pixels, sach pixel
including a first transistor having its gate connected t0
a select line, its source connected to a data line and its
drain connected to the gate of a second transistor, the
second transistor having its source connected to the
data line and its drain connected to a first electrode of
an electroluminescent (EL) cell. The EL cell's second
electrode is connected to alternating high veltage
means. A method for producing gray scale perfcrmance
including the step of varying the length of time the
second transistor is on while the alternating voltage is
applied to the EL cell is also disclosed.

7 Claims, 7 D:awittg Sheets
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ACTIVE MATRIX ELECTROLUMINESCENT
DISPLAY AND METHOD OF OPERATION

The invention is an active matrix electroluminescent
display (AMELD) having an improved light emitting
efficiency and methods of operating the AMELD to
produce gray scale operation.

BACKGROUND OF THE INVENTION

Thin film electroluminescent (EL) displays are well
known in the art and are used as flat screen displays in
a variety of applications. A typical display includes a
plurality of picture elements (pixels) arranged in rows
and columns, Each pixel comprises an EL phosphor
active layer between a pair of insulators and a -pair of
electrodes.

Early EL displays .were only opcnted in a multi-
plexed mode. Recently active matrix technology
known in the liquid crystal display art has been applied
‘to EL displays. A known AMELD includes a circuit at
each pixel comprising a first transistor having its gate
connected o a select line, its source connected to a data
line and its drain connected to the.gate of a second
transistor and through a first capacitor 22 to ground.
The drain of the second transistor is connected to
ground potential, its source is connected through a
second capacitor to ground and to one electrode of an
EL cell. The second electrode of the EL cell is con-
nected to a high voltage alternating current source for
excitation of the phosphor.

This AMELD operates as follows. During a. first
portion of a frame time (LOAD) all the data lines are
sequentially turned ON. During a particular data line
ON, the select lines are strobed. On those select lines
having a select line voltage, transistor 14 turns on allow-
ing charge irom data line 18 to accumulate on the gate

of transistor 20 and on capacitor 22, thereby turning

-transistor 20 on. At the completion of the LOAD cycle
the second transistors- of all activated pixels are on.
During the second portion of the frame time (ILLUMI-
NATE), the AC high voltage source 28 is turned on.

5

-
v

x)

0

2
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic circuit diagram for a pixel of a
prior art AMELD.

FIG. 2 is a schematic circuit diagram for a pixel of an
AMELD of the invention.

FIG. 2{¢) an another embodiment of the AMELD of
FI1G. 2.

‘FIG. 3 is a schematic circuit diagram for a pixel of
another embodiment of the AMELD of the invention.

FIG. 4 is schematic circuit diagram for a high voltage
alternating current source used in the AMELD of the
invention,

FIG. 5(0) 10 (), is a schematic cross-sectional illustra-
tion of steps in a process for forming the active matrix
cnrcmtry

FIG, 6isa cross-secuona] illustration of the structure
of an alternative embodiment of the AMELD of the
invention.

DETAILED DESCRIPTION
In FIG. 1 a prior art AMELD 10 includes a pluraln.y

- of pixels arranged in rows and columns. The active

25
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matrix circuit at a pixel 12, i.e. the pixel in the Ith row
and the Jth column-comprises a first transistor 14 hav-
ing its gate connected to a select line 16, its source
connected to a data line 18 and its drain connected to
the gate of a second transistor 20 and through a first

‘¢apacitor 22 to ground. The source of transistor 20 is
‘connected to ground, its drain is connected through a

second capacitor 24 to ground and to one electrode of
an EL cell 26. The second electrode of the EL cell 26 is
connected to a hlgh voltage alternating current source

- 28,

During npemlmn. the 60 Hertz (Hz) field period of a
frame is subdivided into separate LOAD and ILLUMI-
NATE periods. During e LOAD period, data is loaded,
one at.a time, from the data line through transistor 14

. allowing charge from data line 18 to accumulate on the

40

Current fiows from the source 28 through the EL cells

26 and the transistor 20 to-ground in each activated
pixels, producing an electroluminescent light output
from the activated EL cell,

This AMELD and known variants require 3 number
of components at each-pixel and do not have gray scale
operation. Thus there is a need for altermative
AMELDs havmg fewer components and gray scale
operation. .

SUMMARY OF THE INVENTION .

The invention is an AMELD comprlsmg a plurality

of pixels, each pixe! including a first transistor having its
gate connected to a select line, its source connected to
8 data line and its drain connected to the gate of the
second transistor;’ the second transistor having its
_source connected to the data line and its drain con-
nected to a first electrode of an electroluminescent {EL)
cell and the EL cell having its second electrode con-
nected 10 means for providing alternating voltage be-
tween the second electrode of the EL cell and a source
of reference potential, The invention is also a method
for producing gray scale performance by varying the
length of time that the EL cell of a given pixel is on
during the period of high voltage excitation of the pixel
array.

w
o

60

gate ‘of transistor 20 and on capacitor 22, in order 10
control the conducrion of transistor 20. At the comple-
tion of the LOAD period, the second transistors of all
activated pixels are on, During the ILLUMINATE
period, the high voltage alternating current source 28
connected to all pixels is tumed on. Current flows from

' the source 28 through the EL cell 26 and the transistor

20 to' ground in each activated pixels, producing an
electroluminescent light output from the pixel’s EL cell.

- In FIG. 2 an AMELD 40 includes a plurality of pixels
arranged in.rows and columns. The active matrix circuit
at a pixe] 42 comprises a first transistor 44 having its
gate connecied to a select line 46, its source connected
1o 2 data line 48 and its drain connected to’ the gate of a
second transistor 50, A capagiror 51 is preferahly con-
nected between the galeol the second transistor 50 and
the source of reference potential. The source of transis-
tor 50 is also connected 10 the data line 48 and its drain
connected to oné electrode of an EL cell $4. The sec-
ond electrode of the EL cell 54 is Connected to a'bus 58
for a single, resonant, 10 kilohertz (KHz)-AC high-volt-
age power sdurce, such as that shown in FIG. 4, 0
illuminate the entire array at the same time. Also shown
therefore & parasitic capacitor 60 which is between the
gate and drain of the transistor 44 therefore is typically -
present in this structure. Each data line of the AMELD
40 is driven by circvitry including an analog-to-digital
converter 62 and a low impedance buffer amplifier 64.
Despite its complicated appearance the active matrix
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PREFERRED EMBODIMENTS FOR WORKING
THE INVENTION

As described above, the orgavic EX. device of the
present inventior has a film of an electrically insulating
polymer compound as a protection layer on the outer
surface of 2 laminated structure in which at least a light-
emitting layer formed of a luincscent organic solid is
placed between two mutually opposing electrodes. The
constitution of the above laminated structure includes
the following
(@D electrode (cathode)/hght-emxthng layer/hole-

injecting layer/electrode {anode)

electrade (anode)/light-emitting layer/electron-
injecting layer/electrode (cathode)

electrode (anode)/hole-injecting layer/light-emit-
ting layer/electron-injecting layer/electrode (cath-
ode)

@ electrode (anode or cathode)/light-emitting layer- 5

Zelectrode (cathede or anade).

Anpy constitution may be used. In general, the lami-
nated structure is formed on a substrate, The size, form,
material, etc,, of each of the substrate and the laminated
structure are properly selected depeading upon use of
the intended organic EL device such as a surface light
source, a pixel For graphic display, a pixel for a televi-
sion image display device, etc. In addition, each of the
above hole-injecting layer and the above electron-
injecting layer fefers to a layer having any one of
charge injection properties, charge transport propertics
and charge barrier properties, and may have any one of
a single-layered stuciure and a moulti-layered structure.
‘The material for these layers may be any onre of an
organic material and an inorganic material,

‘The organic EL device of the present invention has a
film formed of an elecirically insulating polymer com-
pound as 2 protection layer on the outer surface of the
" above laminated structure. The protection layer may be
formed at least on a main, surface of the opposxtc elec- 49
trode. However, the protection layer is parhcularly
preferably formed on the entive outer surface of the
Iaminated structure. Further, when the laminated strue-
ture hes a Jayer structure in which the opposite elec-
trode is formed on part of 2 main surface of one of the
light-emitting layer, the hole-injecting layer and the
electron-injecting layer, it is preferred to form a protec-
tion layer at least on that portion of the main surface of
a layer underlying the opposite electrode where the
apposite electrode is not formed and on the main sur.
face of the opposite electrode.

The method for forming the protection layer of an
electrically insulating polymer compound includes:

(1) a physical vapor deposition method (PVD method),

(2) = chemical vapor deposition method {(CVD
method),

(3) a casting mcthod, and

{4) a spin coating method.

These methods are respectively detailed hereinafter.
(i) PVD method
(@ Kind, film-forming conditions, etc,, of the PVD

method

The PVD method includes a vacuum vapor deposi-
tion method (including a vapor deposition polymeriza-
tion method), a sputiering method, ete. The vacunm
vapor deposition method and the sputl:ex:ing method can
be sub-classified as below.

. Vacuum vapor deposition method

5

—
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Resistance heating method, electron beam heating
methed, high-frequency induction heating method, re-
active vapor deposition method, molecular beam epi-
taxy method, hot wall vapor deposition method, ion
plating method, ionized cluster beam method, vapor
deposition polymerization method, etc.

Sputtering methad

Diade sputtering method, diode magnetron sputter-
ing method, triode and tetracde plasma sputtering
methads, reactive sputtering method, icnized beam
sputiering method, & method using a combination of
these,

Any one of these methods can be employed. Con-
cerning the PVD method, a vacuum vapor deposition
methgd is pasticularly preferred.

The film forming econditions differ depending upon
raw materials and the kind of the FVD method. For
example, when a vacuum vapor deposition method
(resistance heating method, eleciron beam heating
method and high-frequency induction heating methad)
is used, preferred are conditions where the pressure
before the vapor deposition. is geperally set at not more
than 13X 10—2Pa, preferably not more than 6 X 10~3Pa,
the temperature for heating a deposition source is gen-
eralfy set at not more than 700° C,, preferably not more
than 600" C., the substrate temperature is generally set
at not more than 200° C., preferably not more than 100°
C., and the deposition rate is generally set at not more
than 50 mm/second, preferably not more than 3
nm/second.

(i) Kinds of the polymer compound used as a vapor
deposition source.

The following polymer compounds (A) to (C) may be
used as a deposition source,

(A) Fluorine-free polymer compaunds such as polycth-
ylene, pelypropylene, polystyrene, polymethyl meth-
acrylate, polyimide (obtained by depositing two mon-
omers on a substrate fo polymerize them, see
ULVAC Technical Journal, 1988, 30, 22), polynrea
(chtained by depositing two monomers on 2 substrate
to polymerize them, see ULVAC Technical Journal,
1988, 30, 22),etc.

(B) Polytetrafinoroethylene, polychlorotrifluoroethyl-
ene, polydichlorodifluoroethylene, chlorotriftuoro-
ethylene, a copolymer of chlorotrifluoroethylene and
dichlorodifluoroethylene,

© Fiuonne-contammg copolymers having a cyclic
structure in the main copolymerized chain.

(C- 1) Fluorine-containing polymer compound disclosed
in JP,A 63-18964, fluorine-containing polymer com-
pound disclosed in JP,A 63-22206, fluorine-contain-
ing polymer compound disclosed in JP, A, 63-238115.

(C-2) Fluorine-containing polymer compound disclosed
in ¥P,A 3-129852.

‘The form of the polymer compound when it is used as
2 deposition source is not specially limited. The form
may be powdery, pariiculate, bulk-like, disk-like or
pellets-like, The form is properly selected depending
upon the kind of the PVD method employed for form-
ing the Alm.

‘When the polymer compound (B), (C-1) or (C-2) out
of the above polymer cozmpounds is used as a deposition
source, there can be obtained, by 2 PVD method, a
deposited film (protection layer) which is formed of the
same polymer compound as the polymer compound
used as a deposition source and is pin-hole free, Further,
the decrease in the electric resistivity, breakdown
strength and moisture resistance, entailed when the film
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is connected through a second capacitor 76 to a high
voltage alternating current source 78.

In FIG. 4 a resonant 10 KHz, AC high voltage power
source 100 capable of supplying power to the AMELD
of the invention includes an input electrode 162 for
recejving low voltage power at the desired pulse rate, A
resistor 104 and an EL cell 106 are connected in series
through a switch 108 between the electrode 102 and a
node 110 which is all of the nodes A shown in FIG. 2.
The EL cell 106 is shown as a variable capacitor be-
cause it behaves that way in the operation of the
AMELD of the invention as discussed above. The input
electrode 102 is also connected through an inductor 112
and a switch 114 to a source of reference potential 116,
A comparator 118 is connected across the EL cell 106
to the reset input 120 of a set/reset latch 122. Set/reset
latch 122 has a set input 124, an initial charge output
126, a bootstrap output 128 and an off output 130. The
initial charge output 126, when activated, closes
switches 108 and 114. The bootstrap output 128, when
activated, opens switches 108 and 114 and closes switch
132 which is connected across the input electrode 102,
the inductor 112, the switch 108 and the resistor 104;
thereby providing a direct connection between the
inductor 112 and the input of the EL cell 106. It opera-
tion, switches 108 and 114 are initially closed, current
flows from input electrode through resistor 104, EL cell
106 and through inductor 112 to reference potential
until comparator 118 senses that the preselected voltage
on the variable capacitor load 106 has been reached. At
this time comparator 118 resets the latch 122, opening
switches 104 and 114 and closing switch 132. Inductor
112 then“discharges through switch 132 and drives the
voltage on the variable capacitor 106 to a fixed multiple
of the preselected valtage. The valucs of the resistor 104
and the inductor 112 are chosen to provide a multiplica-
tion of the voltage applied to the input electrode 102.
Preferably, the impedance of the resistor and inductor
are such that a large fraction of the energy flows to the
inductor, Approximately ninety-five percent of the
current would flow into the inductor to achieve a vol-
age multipiication of twenty,

The AMELD of the invention can be formed using
one of several semiconductor processes for the active
matrix circuitry. The process which 1 beliéve will pro-
duce the best performance uses crystatline silicon (x-Si}
as the material in which the high voltage transistors are
formed. This process comprises forming the high volt-
age transistors, pixel electrodes and peripheral drive
logic in/on the x-Si layer, and depositing the phosphors
and other elements of the EL cell.
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be made as thick as necessary, and much thicker and
more dense than jon-implanted Sle layers.

The circuitry in/on the x-SOI is formed using a lngh
voltage BiCMOS process for the fabrication of BiC-
MOS devices, such as transistors and peripheral scan-
ners. Results indicate that high voltage (HV) transistors
can be fzbricated with breakdown voltages of over 100
Vin/on 1 pm thick x-SOI, In FIG. 5(a) to (), the high
voltage BICMOS process, shown schematically, starts
with the etching of the N— conductivity type x-SOI
layer 200, typically. about 1 pm thick, on the dielectric
layer 202 into discrete islands 204a, 2045 and 204¢ iso-
lated by oxide 205, forming both the P- and N-wells
using masking and jon implantation steps; first of an
N-type dopant, such as arsenic, then of a P-type dopant,
such as boron, as.shown, 1o form the N-type wells 2042
znd 204¢ and the F-type well 2045, Masks 206, typically
formed of SiON, are shown in FIGS. 5(a) and (d). A
channel oxide 208 and a thick field oxide 210 and are
then grown over the surface of the Si islands to define
the active regions, poly-Si is then deposited and defined
to form the gate 212 of the high voltage DMOS transis-
tor 214 and the gates 216 of the low voltage CMOS
transistors 218, In FIG. 5(/), the gate 212 of the DMOS
transistor extends from the active region over the field
oxide, forming a field plate 220. The edge of the gate
212 that is over the active region is used as a diffusion
edge for the P—-channel diffusion 222 while the portion
of the gate that is over the field oxide is used to control
the electric field in the N= type conductivity drift re-
gion 224 of the DMOS transistor 214. The N+-channel
source/drain regions 226 are formed using arsenic ion
implantation. The P+-channel source/drain regions 228
are then formed using boron jon implantation, The pro-
cess is completed by depositing a borophosphosilicate
glass (BPSG) layer 230 over the structure, flowing the
BPSG layer 230, opening vias 232 down. 1o the Si is-
lands 204, and.interconnecting the devices using alumi-
num metallization 234. The process has nine mask steps
and permits the fabrication of both DMOS and CMQS
transistors.

In operation, the N+.P— junction of the DMOS tran-

- sistor 214 switches on at Jow voltage causing the transis-

e
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The key aspect of forming the x-S8i layer is the use of ‘

the isolated silicon (Si) epitaxy process to produce a
layer of high quality Si on a insulating layer as disclosed

for example by Salerno et &l in the Society For Informa-

tion Display SID 92 Digest, pages 63-66, x-Si-on-insula-
tor material (x-SOI) is formed by first growing a high

.quality thermal silicon oxide (SiOy) of the desired thick-

ness on 2 standard silicon wafer depositing a polycrys-
talline silicon {poly-5i) layer on the SiOy and capping
the poly-Si layer with an $iOy layer. The wafer is then
heated to near the melting point of Si and a thin mov.
able strip heater is scanned above the surface of the
wafer. The movable heater melts and recrystallizes the
Si layer that is trapped between the oxide layers, pro-
ducing single crystal Si layer. A particular advantage of
the x.801 process is the use of grown SiOy, which can

T
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tor to conduct, while the N—-N+ junction holds off the

voltage applied to the EL cell when the DMOS transis-

tor is not conducting.

The high voltage characteristics of the DMOS tran-
sistors depend on several physical dimensions of the
device as well as the doping concentrations of both the
diffused P-channel and N-well drift region. The total
channel length for a 300 V transistor is typically about
30 um. The important physical dimensions are the
length of the N-wetl drift region, typically about 30 pm,
the spacing between the edge of the poly-8i gate in the
active region and the edge of the underlying field oxide,
typically about 4 um, and the amount of everlap, typi-
cally about 6 pm, between the poly-Si gate over the
field oxide and the edge of the field oxide. The degree of
current handling in the DMOS transistor is also a func-
tion of some of these parameters as well as a function of
the overall size of the transistor. Since a high density
AMELD having about 400 pixels/cm is desirable, the
pixel area (and hence the transistors) must be kept as
small as possible. In some cases, however, the condi-
tions that produce high woltage performance zlso re-
duce the overall current handling capability of the tran-
sistor and thercfore require a larger transistor area for a
given current specification, For example, the N-well
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doping concentration controls the maximum current
and breakdown voltage inversely, usually making care-
ful optimization necessary. However, this is much less
of a factor in this approach, since the design eliminates
the requirement for high current (only 1 pA/pixel
necded).

The layer thicknesses can be adjusted to provide the
required breakdown voltages and isolation levels for the
transistors in the AMELD. High quality thermal $i0,
can be easily grown to the required thickness. This
tailoring cannot be obtained easity or economically by
other techniques. This x-SOI is characterized by high
ccrystal quality and excellent transistors. A second ad-
vantage of the x-SOT process is the substrate removal
process. Owing to the tailoring of the oxide layer be-
neath the Si layer, the substrate can be removed using
lift-off techniques, and the resultant thin layer can be
remounted on a variety of substrates such as glass,
lexan, or other materials.

The process for forming the EL cell, whether mono-
chrome or color, begins with the formation of the active
matrix circuitry. The next steps are sequentially deposit-
ing the bottom electrode, which is preferably the source
or drain metallization of the second transistor in the
pixel circuit, the bottom insulating layer, the phospher
layer and the top insulating layer. The two insulating
layers are then patterned to expose the connectien
points between the top electrodes and the active matrix,
and also to remove material from the areas to which
external connections will be made to the driver logic.
The top transparent clectrode, typically indium tin ox-
ide, is then deposited and patterned. This step also
serves to complete the circuit between the phosphors
and the active matrix.

The process for forming a color phosphor layer com-
prises depositing and patterning the first phosphor,
depasiting an etch stop layer, depositing and patterning
the second phosphor, depositing 2 second etch stop
layer, and depositing and patterning the third’phosphor.
This array of patterned phosphors is then coated with
the top insulator. Tuenge et al in U.S. Pat. No. 4,954,747
have disclosed a multicolor EL display including a blue

.5r5:CeF3 or ZnS:Tm phosphor or a group II metal

thiogallate doped with cerium, a green ZnS:TbFa phos-
phor and a red phosphor formed from the combination
of ZnS:Mn phosphor and a filter. The fiker is a red
polyimide or CdSSe filter, preferably CdSgg2Seq s,
formed over.the red pixels, or alternatively, incorpo-
rated on the seal cover plate if a cover is used. The red
filter transmits the desired red portion of the ZnS:Mn
phosphor {yellow) output to produce the desired red
color. These phosphors and filters are formed sequen-
tially using well known deposition, patterning and etch-
ing techniques,

The insulating layers may be Al20;, 8i0;, SiON or
BaTa;0g or the like between zbout 10 and 80 nanome-
ters (nm) thick, The dielectric layers may be SisN4 or
SiON. The presence of the insulating oxide layers im-
proves the adhesion of the 5iyN4 layers. The diclectric
layers are formed by sputtering, plasma CVD or the like
and the insulating oxide layers by electron beam evapo-
ration, sputtering, CVD or the like. The processing
temperature for the insulator deposition steps is about
500" C. The silicon wafer is exposed to a maximum
temperature during processing would be 750° C. which
is necessary to anneal the blue phosphor.

An alternative process to form the AMELD of the
invention when & large area display is desired includes
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forming the transistors in amorphous silicon (a-5i) or
poly-8i, although a-5i is preferred because better high
voltage devices can presently be febricated in a-Si as
disclosed, for example, by Suzuki et al in the Society
For Information Display S1D 92 Digest, pages 344-347,
In this case, whether a-Si or poly-5i is used, the process
of forming the AMELD is reversed; the EL cell is first
formed on a transparent substrate and the transistors are
formed on the EL cell, In FIG. 6 an AMELD 300
incorporating &-Si tremsistors includes a transparent
substrate 302, a transparent electrode 304, a first insulat-
ing layer 306, an EL phosphor layer 308 patterned as
deseribed above, a second insulating layer 310, a back
electrode 312 and an isolation layer 314. The active
matrix circuitry §s formed on the isolation layer 314
in/on a a-5i island 316 deposited using standard glow
discharge in silane techniques and isolated from adja-
cent islands using standard masking and etching tech-
niques to define the pixels along with the segmentation
of the back electrode 312. It is understood that the
pixels can equally weall be defined by segmenting the
transparent electrode 304, .

The first transistor 318 includes a gate 320 overlying
a gate oxide 322 and connected to a select line 324, a
source regien 326 contacted by a data line bus 328, a
drain region 330 connected by conductor 332 to a gate
334 overlying a gate oxide 336 of a second transistor
338. The second transistor 336 has a source region M40
contacted to the data line bus 328 and a drain region 342
connected by conductor 344 through opening 346 to the
back electrode 312, The entire assembly is sealed by
depositing a layer of an insulator 348 composed of a
material such as BPSG.

It is to be understood that the apparatus and the
method of operation taught herzin are illustrative of the
general principles of the invention. Modifications may
readily be devised by those skilled in the art without
departing from the spirit and scope of the invention.
For example, different layouts of the components in a
pixel are possible. Still further, the invention is not re-
stricted to a particular type of high vohage excitation
and pulse shape, to a particular type of power source or
its capacity or to 2 particuiar transistor type, The sys-
tem provided by the invention is not restricted 10 opera-
tion at a particular frequency.

I claim:

1. An electroluminescent display comprising an array

. of pixels, each pixel including .. . e
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a first transistor having its gate connected to a select

line, its source connected to a data lineind its drain ="

connected to the gate of a second gansis!or; .

the second transistor having it source connected to
the data line and its drain connected 1o a first elece
trode of an electroluminescent cell; end

said electroluminescent cell having a second elec-

trode which is connected to means for providing an
alternating voltage power source with the voltage
power source means being connected between the
second electrode and a source of reference poten-
tial.

2, The display of claim 1 wherein the means for pro-
viding an alternating voitage power source comprises a
resonant alternating current high voltage power source.

3. The display of ¢laim 2 wherein the power source
includes:

first means for receiving an input voltage;

a resistor connected at one end and in series through

a first switch to the first means and at another end
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9
to the second electrode of the electroluminescent
cell;

an inductor connected to the first means and in series
through a second switch to a source of reference
potential;

a third switch connected across the first means, the
inductor, the first switch and the resistor;

a comparator having an input connected to the sec-
ond electrode of the electroluminescent cell and its
output connected to an input of a set/reset latch,
the latch having a second input, and first end sec-
ond outputs; ) .

wherein the first output of the latch, when activated,
closes the first and second switches, the second
output of the latch, when activated opens the first
and second switches and closes the third switch;

wherein the values of the resistor and the inductor are
chosen to provide a multiplication of the voltage
applied 10 the first means.

4, The display of claim 1 wherein the second transis-

tor is a drift type MOS transistor.
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10
5. The display of claim & further comprising a capaci-
tor connected between the gate of the second transistor
and a source of reference potential.
6. The display of ¢laim 4 further comprising a ¢apaci-
tor connected between said data line and the gate of the
second transistor.
7. A method of operating &n active matrix electrolu-
minescent display, said display comprising a plurality of
pixels, each pixel including a first transistor having its
gate connected to a select line, its source connected to
a data line and its drain connected to the gate of a sec-
ond transistor; the second transistor having its source
connected to the date line and its drain connected t0 2
first electrode of an electroluminescent cell, the electro-
lumninescent cel! having a second electrode, the method
comprising the steps of .
applying voltages to the select and data lines to en-
able thesecond transistor of a given pixel;

applying 2 power source to the second electrode of
the elactroluminescent cell of the given pixel for a
period of time; and

disabling the second transistor of the given pixel prior

10 the completion of said period of time,
. - L] L * *
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1571 ABSTRACT

A scan driver IC for an EL element in an EL display device
supplies, in a positive field, a positive polarity scan voltage
and an offset voltage which is higher thaw ground to scan
side driver ICs frorn voltage supply circuits. and the scan
side driver ICs set voltage of scan clectrodes to be the offset
voltage in the positive field. together with outputting the

. positive polarity scan voltage to the scan electrodes during

electroluminescence timing. Consequently, a voltage of
Vr-Vm is applied to the scan side driver ICs. and so the
breakdown voltage can be lowered by an amount come-
sponding to the offset voltage Vm. Circuits for providing
such voltages, for providing alternating current drive
voltages. and for reducing power consumption of the drive
circuits are also disclosed.

12 Claims, 11 Drawing Sheets
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ELECTROLUMINESCENT DISPLAY DRIVER
DEVICE

CROSS-REFERENCE TQ RELATED
APPLICATION
The present application is related to and claims priority
from Japanese Patent Application Nos. Hei, 7-168822.
7206344 and 7-206345, incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a cireuit for dnvulg an uleclrolu-
minzscent (EL). display device,

2. Description of Related Art

A device disclosed in Japanese Patent Apphcauon Laid-
Open Publication No. Hei 5-3338135 is known as a c:rcmt for
driving an EL display.

o

1

o

2

Also. driving the above-described prier art device, elec-
trical charging and discharging with respect to the EL
display panel is performed at each scan line electrolumines-
cence operation, and there exists a problem wherein drive
power consumption per cycle becomes large.

The device disclosed in Japanese Patent Publication Laid-
Open No. 63-168998 attempts to solve this problem. After
an EL clement has emitted light, accurnulated charge is
stored in a capacitor provided externally, and this accumu-
lated charge is rewnsed ‘during subsequent
electroluminescence. thereby reducing power consumption.

As shown in FIG. 15, this circuit includes a data voltage

" supply circuit 7 having a charge collection capacitor 701,
" switching elements 702 through 704, and diodes 705 and

706. and V2 is utilized as the power source voltage. The
size of the charge collection capacitor 701 is sufficiently

‘ large in comparisor with the charge capacity of the entirety

According to this device. EL elements in the display are .

arranged In a matrix and a scan side driver IC and data side

driver EC are respectively provided on a scan side and data
side of the display elements. Accordingly. drive: voltage
pulses having a differing polarity with each positive and
negative field are applied to the EL elements by the respec-
tive driver ICs and the EL elements emit Hght.

That is to say. in the positive field, a ground voltage (0 V)
is taken to be a reference voltage and a voltage Vi corre-

N
o

of the' EL display panel. and a chargc equivalent to Vm/2 is
charped therein a$ an initial state.

Operation of this device will be described hereinafter with
reference to the graphs shownin FIGS. 16A-16F.

_In the second field. when performing drive for 2 prede-
termined scan line. firstly the switching element 704 is

25 switched on as shown in FIG. '16C. a P-channel FET

sponding to an EL drive voltage is output to a scan electrode .

of the EL display from the scan side driver IC, and from the
data side driver IC, the ground voltage is output to the EL
element so that it emits light..a modulation voltage Vm is
output to a data clectrade-of an FI. element to put it in a
non-electroluminescent state, voltage of the data electrode is
grounded with respect to the scan electrode 1o which the
voltage Vr has.been cutput. the Vr-voltage is applxed to the
EL element. and the EL element emits light. .

- Additionally. in the nepative field, ground voltage (0 V) is
taken to be a reference voltage and a voltage of —~Vi+Vm is
output to the scan clecrode from the scan side driver IC. and
from the data side driver IC. the modulation voltage Vi is
oulput to the EL ¢lement so that it emits light, the ground
voltage is output to 2 data electrode of an EL element to put
it in'a non-electroluminescent state. voltage of the data
electrode is sct at the modulation voltage Vm with respect to
the scan electrode to which voltage of ~Vr+Vm has been

40

connpctad to a data electrode of an EL element to emit light
is switched on and a comesponding N-channel FET is
switched off as shown in FIGS. 16D and 16E. and voltage
Vm/?2 is apphr.d to the data clectrode as shown in FIG, 16F.
Next, the switching element 702 is switched on as shown
in FIG. 16A. voltage Vm being power source voltage V2
with Vm/2 cormesponding to 2 capacitor charge added -
thereto is applied to the data electrode of the EL clement to
emit light. and the EL element emits light. Subsequent to this
electroluminescence operation. the switching elements 7062
and ‘704 are switched off. and approximately half of the
charge output from the P-channel FET of the data side driver
IC 4 is collected via the diode 705 i in thc charge collection

capacitor 701,
'!‘hc collected charge is consumed when switching on the
‘hing ¢lement 704 in the sub ‘scan line selection

' period. This operation is repeated Gntd the final line.

output. —vr voltage is apphed to 1.he FJ_ element. and the EL :

element emits light.

In a case wherein drive; such as the foregomg is
performed. the power source voltages of the scan side driver
IC becomes Vr-and ground veltage when driving in the
positive field. and so the voltage Vr.is applicd to the scan

“side driver IC. and consequently the breakdown voltage
thereof must be Vr or higher.:Because the EL element is
driven at 2 comparatively high voltage which becomes, for
example. approximately 260 V. a device with high break-
down voltage as the scan side driver IC becomes necessary.
Because a general purpose driver IC does not have such a
high breakdown voltage, it is necessary to specially design
a high breakdown voltage driver IC which has a high
breakdown voltage to satisfy the above requiremeats. and
this canses problems in terms of intepration and cost, These
considerations also apply to the data side driver side IC.

Further, when the rear electrode has been grounded and a
positive and negative alternating current signal is applied to
the transparent electrode. two types of positive and negative
power sources normally become necessary. and power
source circuitry becomes large,

However. structure and operation of the charge collection
capacitor 01 of the above-described device are complex.
and there are problerns where app'l.icd voltage at the time of -
the next scan line selection is-affected by an amount of

" accurnulated capacitor r.-.hargc and is unstable,-and so on.

55

60

SUMMARY OF THE INVENTION

In light of the foregoing problems. it is an object of the
present invention to provide a drive circuit that is able to
drive an EL element. where the drive circuit for the EE
element has a low breakdown voltage.

To aftain the abéve-deseribed object, an EL display device
according to a first aspect of the present invention applies a
scan voltape having a differing polarity with each positive
and ‘negative field to drive an EL display where the scan
voltage includes, in a positive ficld, a positive polarity scan
voltage and a first offset voltage which is higher than ground
level to a scan electrode drive circuit from a voltage supply
circuit, and the scan electrode drive circuit sets the voltage
of a scan electrode to be the first offset voltage in the positive
field, together with outputting the positive polarity scan
voltage to the scan electrode during electroluminescence
timing.

Consequently. because voltage supplicd to the scan elec-
trode drive eircuit can be lowered by an amount correspond-
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ing 1o the first offsct voltage relative to prior art devices, the
necessary breakdown voltage of the scan clectrode drive
circuit can be reduced.

Preferably. the circuit supplies a modulation voltage to set
electrolumi /non-clectrolumi of an EL ele-
ment and a second offset voltage which is higher than
ground level to a data electrode drive circuit. where the data
clectrode drive circuit. in the negative field. with respect to
a data electrode of an FL. element in an electroluminescent
state. sets voltage thereof at the modulation voltage. and
with respect to a data electrode of an EL clement in a
non-clectroluminescent state, sets voltage thereof at the
second oifset voltage. )

Consequently, because voltage supplied to the data elec-
trode diive circuit can be lowered by an amount cotrespond-
ing to the second offset voltage than in a device according
to the prior art. the necessary breakdown voltage of the data
electrode drive circuit can be reduced.

Such a circuit need not be limited to use with matrix-type
EL displays and may also be used in EL display devices
which perform segmented display. backlighting or the like.

It is another object of the present invention to provide an
EL display drive circuit which uses a single power source to
apply a positive and negative alternating current voltage to
an EL element when cutpotting alternating current voltage to
a Joad such as an EL clement or the jike, without employing
two types of positive and negative power sources.

This object is attainkd according to another aspect of the
invention by providipg a first switching device to open and
close a connection between a positive electrode of a power
source and a first refercnce voltage and a second switching
device to open and close a connection between a negative
electrode of the power source and a second reference voltage
to be alternatively actuated in accordance with a control
signal, and further to select a voltage of the power source
positive electrode and negative electrode and to perform
output for driving a load.

Because of this, voltage of negative polarty with a
maganitude of the first reference voltage is created by the
negative electrode of the power source when the first switch-
ing device has been actuated., and voltage of positive polarity
with a magnitude of the second reference voltage is careated
by the positive electrode of the power source when the
second switching device has been actuated.

Consequently. by selecting and outputting the created
voltage. an alternating curreat signal is output and a load
such as an EL element or the like can be driver by the
output.

It is another object of the present invention to provide a
circuit to perform charge collection and rise in voltage to at
least two stages. and moreover, to stabilize the applied
voltage at a time of collected charge reuse without being
affected by an amount of accumulated capacitor charge.

This object is attained according to another aspect of the
present invention by providing a circuit in which charging of
an EL display element by a charge collected by a charge
collecting capacitor is performed and a predetermined volt-
age is applied to the ¥1, display element prior to electrolu-
minescence drive for the EL display clement, and thereafter,
during electroluminescence drive. power source voltage
(modulation voltage) is applied directly to the EL display
clement and a voltage rise is performed. and electrolumi-
nescence drive of the EL display element is performed.
Subseqlently to clectroluminescence drive, charge stored in
the EL display element js collected in the capacitor for
charge collecting use.

bt

4

o

o

[y

5

4

Consequently, by structuring the device so that power
source voltage (modulation voltage) is applied directly to the
EL display element and a voltage rise is performed during
electroluminescence drive, no need exists to create voliage
correspending to a power source voltage positive capacitor
charging, and so the structure of a cireuit for this purpose can
be simplified. and moreover. applied voltage at a time of
collected charge reuse can be stabilized without being
affected by an amount of accumulated capacitor charge by
directly applying a power source voltage.

Other objects and features of the invention will appear in
the course of the description thereof, which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present inven-
tion will be more readily apparent from the following
detailed description of preferred embodiments thereof when
taken together with the accompanying drawings in which:

FIG. 1 is a schematic diagram of an EL display device
drive circuit according to a first preferred erobodiment of the
present invention;

FIG. 2 is a cross-sectional view showing the structure of
an EL element;

FIGS. 3A~3M are timing diagrams for the device shown
in FIG, 1:

FIG, 4 is a schematic diagram showing a specifie structure
of a voltage supply circuit according to the first embodi-
ment:

FIG. § is a schematic diagram of an EL display device
according 1o a second preferred embodiment of the present
invention: -

FIGS. 6A-6C are timing diagrams showing the operation
of the device shown in FIG. 5;

FIG. 7 is a block diagram of a third preferred embodiment
of the present invention used for driving a segmented EL
display:

FIG. 8 is 2 block diagram showing a fourth preferred
embodiment of the present invention as used in a backlight
EL display:

FIG. 9 is a drive waveform diagram of the embodiment
shown in FIG. §;

FIG. 10 is a schematic diagram of a data voltage supply
tirenit according to a fifth preferred embodiment of the
present invention;

FIGS. 11A-11E are timing diagrams of drive signals in
the fifth embodiment;

FIG. 12 is a schematic diagram of an output circuit in the
fifth embodiment;

FIG, 13 is a schematic diagram of an EL display element
drive circuit according to a sixth embodiment of the present
invention;

FIGS. 14A-140 are timing diagrams of drive signals in
the sixth erbodiment;

FIG. 15 is a schematic diagram of a prior art drive cireuit;
and

FIGS. 16A-16F are timing diagrams of drive signals in
the prior art circuit.

DETATLED DESCRIFTION OF THE

FIG. 2 shows a typical cross-sectional smmucture of an EL
display. An EL element 100 is formed by laminating on a
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glass substrate 101 the following: 4 transparent electrode
102, a first insulating layer 103. a light emitting layer 104,
a second insulating layer 105. and a rear electrode 106, and
emits light responsive to an alternating current pulse applied
between the trapsparent electrode 302 and the rear electrode
106. Accordingly. in FIG. 2, light is ¢mitted, through this
glass substrate 101, Further. light can be emitted in both the
upper and lower directions in the drawing when the rear
electrode 106 is transparent.

FIG. 1 shows an overall structure of an EL display device
according to a first embodiment of the present invention. Fn
this Figure, an EL display panel 1 has a plurality of trans-
parent electrodes and back electrodes in columns and rows
as scan electrodes and dara electrodes, and is structured to
perform matrix display.

In specific terms. as shown in FIG. 1, odd-numbered scan
electrodes 201, 202. 203, ctc. and even-numbered scan
electrodes 301, 302. etc. arc formed along the coluron
direction of the display. and data electrodes 401. 402, 403,
cte. are formed along the row direction of the display 1.

EL elements 1H., 112, ete. are formed as pixels at inter-
sections of the scan electrodes 201, 301, 202, 302. ctc, and
the data electrodes 401, 402, 403, etc. The EL clements are
capacitive elements and are represented by capacitor sym-
bols in the Figure,

Scan side driver ICs 2 and 3 and a data side driver IC 4
are provided to perform display drive for this EL display
pazel 1.

,'I_‘The scan side driver IC 2 is 2 push-pull type drve cireuit
having P-channel FETS 21a. 22a. ctc. and N-chancel FETs
215, 22b, ctc, connected to the odd-numbered scan elec-
trodes 201. 202, ctc. and applies scan voltage to the odd-
numbered scan electrodes 201, 202, ete. in accordance with
dutput frem a control circuit 26.

" Additionally, parasitic diodes 21c. 21d. 22¢. 224. ete. are
formed in each of the FETs 2la, 215, 22a. 225, eto. 10
establish the voltage of the scan electrodes at a desired
reference voltage.

The scan side driver IC 3 has a similar structure, having
a contral circuit 30, P-channel FETs 3la, 32a. etc. and
N-channel FETs 31b. 325, etc. and supplies scanning voltage
to the even-pumbered scan electrodes 301, 302, etc.

The data side driver IC 4 also has a control circuit 40.
P-channel FETs 4la. 42a. etc. and N-channet FETs 415.
42b, ete. and supplies data voltage to the data electrodes 401,
402, 403. ete.

Scan voltage supply circuits 5 and 6 are provided to
supply scan voltages to the scan side driver ICs 2 and 3, The
scan voltage supply circuit 5 has switching elements 51 and
52 and. in accordance with on/off states thereof, supplies a
DC voltage Vr or ground to & P-channel FET source side
common line L} in the scan side driver ICs 2 and 3.

The scan voltage supply circuit 6 has switching elements
61 and 62 and. in accordance with on/off states thercof,
supplies a direct current voltage ~Vr+Vm or an offset
voltage Vg, to an N-channel FET source side common line
L2 in the scan side driver ICs 2 and 3. According to this
embodiment, V, is taken to be a modulation voltage Vm,
and so will be described as Vm hereinaiter,

Additionally, a data voltage supply circuit 7 is provided
with respeet to the data side driver IC 4. The data voltage
supply circuit 7 supplies a direct current voltage Vm to a
P-channel FET source side common line of the data side
driver IC 4 and supplies a ground voltage to an N-channe]
FET source side common line of the data side driver IC 4.

6

According to the above-described structure, it is neces-
sary to apply an altemating current pulse voltage betwean
the scan electrode and the data electrode so that the BL
element emits light, and because of this, a pulse voltage
whose polarity reverses in each field is provided at each of
the several scan limes to drive the display. Operation in
positive and negative fields will be described hereinafter
with reference to the timing diagrams shown in FIGS.
3A-3M.

In the positive portion of the field, the switching elements
51 and 62 are switched on. and the switching elements 52
and 61 are switched off. At this time, the reference voltage
of the scan electrodes 201, 301, 202, 302, ctc. becomes
offset voltage Vim due to operation of the parasitic diodes of
the FETs of the scan side driver ICs 2 and 3. Additionally,
the FETs d1a, 42a. d3a, etc. of the data side driver EC 4 are
switched on. and voltage of the data electrodes is Vro, In this
state. voltage applied to all EL clements becornes 0 V. and
so the EL elements do not emit light.

Thereafter, electroluminescence operation in the positive

20 field is started. Firstly, the P-channel FET 21a of the scan

25

as

&0

side driver IC 20 connected to the scan electrode 201 of the
first column js switched on, and voltage of the scan electrode
201 is set to Vr. Additionally, cutput stage FETs of the scan
side driver ICs 2 and 3 connected to other scan elecirodes are
all switched off, and these scan electrodes enter a floating
state.

Additionally. among the data electrodes 401. 402, 403,
etc., a P-channel FET of the data side driver IC 4 connected
to a data electrode of an EL element to emit light is switched
off and an N-channel FET thereof is switched on. and a
P-channel FET of the data side driver IC 4 connected to a
data electrode of an EL element to not emit light is switched
on and an N-chzonel FET thereof is switched off.

Because of this. the data electrode of the EL ¢lement to
emit light is grounded. and so the voltage vr being a
threshold voltage or more is applied to the, EL element and
the EL element emits light. Additionally. the voltage Vi of
the data electrode of the EL element to not emit light remains
unchanged at Vin. and a voltage of V-V m is applied to that
EL element, .

This voltage of Vr—Vm is lower than the threshold volt-
age; thus. that EL element does not emit light.

The timing diagram of FIG. 3I shows a state where the
P-channel FET 41a of the data side driver IC 4 is switched
off and the N-channel FET 41b thereof is switched on. and
FIG. 3] shows a state wherein voltage Vr is applied to the EL,
element 111 and the EL element 11 emits Light.

Thereafter. charge accumulated in the EL element on the
scan electrode 201 is discharged by switching off the
P-channel FET 21a of the scan side driver IC 2 connected to
the scan electrode 201 of the first column. and swhiching on
the N-chanael FET 215 thereof as shown in FIGS. 3C and
3D. '

Next, the P-channel FET 31z of the scan side driver IC 3
connected to the scan electrode 301 is turned on. and the
voltage of the scan electrode 301 is set to Vr as shown in
FIG, 3H. Additionally, output stage FETs of the scan side
driver ICs 2 and 3 connected to other scan electrodes are all
switched off. and these scan electrodes enter a floating state.

Additionally, driving of the EL elements of the second
column is performed similarly to the foregoing by setting the
voltage levels of the data electrodes 401, 402, 403, etc. to
levels corresponding to an EL element to emit light and to
an EL element to not emit light,

The timing diapram of FIG. 31 shows a state where the
P-channel FET 41a of the data side driver IC 4 is switched
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on, the N-channel FET 41k thereof is switched off and the
voltage of the data electrode 401 is V. and that of FIG. 3K
shows that voltage VI~Vm js applied to the EL element 121
and the EL element 121-docs not emit light.

Thereafter, charge accuraulated in the FL element on the
scar electrode - 301 is discharged by switching off the
P-channel FET 31z of the scan side driver IC 3 connected to
the scan electrode 301 of the second column and switching
on the N-chanoel FET 315 thereof.

Thereafter, hnc-scqucnﬂa.l scanning, whetem the above-
described operation is-repeated until the final scan line js
reached. is performed similarly.

In the negative field portion, the switching elements 52
and 61 are switched on. the switching clements 51 and 62 are
switched off. and operation similar to the operation in the
positive field is performed with reversed polarity. At this
time. reference voltage of the scan electrodes 201, 301. 202,
302. ele. goos to ground. Additionally. the FETs 415, 425,
43b. ete. of the data side driver IC 4 are switched on, and
voltage of the data electrodes is set to ground. In this state,
the voltage applied to all EL ¢lements becomes 0 V. and so
the EL clements do not erit Light.

Thereafter, line-sequential scanning similar to that done in
the positive field is performed for the negative field as well.

-Vr+Vm is applied to the scan electrode of the column
where display selection is performed. On the data electrode
side. opppsitely to the positive field. voltage of a data
clectrode to emit light is sct to Vm, and voltage of a data
electrode which is to not emit light is rernains at ground.

Consequently, when voltage Vim is applicd to a data
eiecirode with respect (o a sean elecirode to wiich a voltage
of =Vr+Vm is applied. a voltage of —Vr is applied to an EL
element corresponding thereto. and the EL element emits
light. Furthermore. -when voltage of a data electrode is
ground voltage. a voltage of ~Vr+Vm. which is lower than
the threshold voltage. is applied to the EL element, and so
the EL element does aot emit light.

Accordingly. one cycle of display operation is completed
by drive of the above-described positive and negative fields.
and this Is performed repeatedly.

As is understood from the abovc-dcscribcd c—peranon a
voltage of Vr—Vm is applied to the scan side driver ICs 2 and
Jin both the positive and negative fields. Consequently. the
* “—necessary-breakdown -voltage of the scan-side-driver ICs 2
and 3 can be lowered by an amount corresponding to the
second offset voltage in comparison with prior art devices.
and breakdown voltage of the scan side driver ICs 2 and 3
can be'reduced. .

Moreover. because a’change from offset voltage Vm to
voltage Vr for drive use is.used in the positive field. the
voltage change thereof can be smaller. peak current flowing
to the EL element can be lowered, and rellability of the BI,
clement can be improved.

. .. Specific structures of the scan voltage supply circuit 6 and

data voltage supply circuit 7 will be described below, A
cireuit where the switches 51 and 61 can be omitted due to
utilization of a power source of (VI-Vm) is shown in FIG.
4,

In this Figure. voltage supply circuits § through 7 are
provided with a first power source 81 having a voltage of
Vm and a second power source 82 having a voltage of
Vi~V and the positive terminal of the first power sourcs
81 and the negative terminal of the second power source 82
are connected via a P-channel FET 84 (i.c.. a second
switching device as recited in the appended claims).

-
w
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Additiopally, the positive ‘electrode of the second power
source 82 is grounded via an N-channel FET 83 (i.e., a first
switching device as recited in the appended claims).

A control signal is provided to the P-channel FET 84 from
an’ input terminal S2 via a coupling capacitor 85. input
protection Zener diodc 86, resistor 87, and filter circuit 88,
Additionally, a control signal is provided to the N-channel
FET 83 from an input terminal ST via a filter circuit 89,

When in the positive field. low level control signals are
provided to both input terminals ST and S2. and the
N-chanpe] FET 83 is switched off and the P-channel FET 84
is switched on. At this time. 4 voltage Vm of the first power
source 81 is output from the negative electrode of the second
power source 82 to a negative electrode voltage supply Iine
1.2 as an offset voltage, and a voltage Vr (=Vr-Vm+Vm) is
output to the positive electrode voltage supply line L1 from
the positive electrode of the second power sotirce 82.

Additionally. voltages Vim and 0 V are respectively sup-
plied to the data side driver IC 4 from the positive and
negative electrodes of the first power source 81.

Consequently. the drive voltage in the positive field is
created by the above-described voltages,

Furthermore. according to the structure shown in FIG. 4.
a control signal for scan side driver IC drive use is provided
tothe scan side driver ICs 2 and 3 via an isolation circuit (not
illustrated). and line sequential scanning of the scan side
driver ICs is performed, The isolation circuit perfonms a
level shift at a time of signal transmission between circuits
having differing reference potentials. and functions to con-
vey logic levels correctly.

Additicnally. display data is cutptt according to 2 coptrel
signal from the data side driver IC 4.

In the foregoing first embodiment. loweting of breakdown
voltage with respect to the scan side driver ICs 2 and 3 was
provided. but according to a second preferred embodiment
of the present invention. lowering of breakdown voltage
with respect to the data side driver IC 4 as well is prowdcd.
The overall structure of this embodiment is shown in FIG.

4 g,

s
brl
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In this Figure. the data voltage supply circuit 7 selectively
outputs four voltages Vm, Vm=Vg,. Voo, and 0V in accor-
dance with operation of switching elements 71 through 74,
That is to say. in the positive field. switching clements 72

---a0d 74 are switched on and switching elements 71.and 73 age

switched off. and voltages Vm~V, and 0 V are supplied to
the data side driver IC 4,

_Herein, the FL element emits light when a voltage Vr is
applied to the scan ¢lectrode and a voltage of 0V is applied
to the data electrode during electroluminescence timing.
Additionally. when a voltage of Vi—V,,, is applied to the
data electrode. the voltage on the EL element is Vi~Vm+
Vo Which is not sufficient for it to emit light. The EL
element can be set in a nen-¢lectroluminescent state by
establishing a voltage thereof at a voltage which is lower
than an electroluminescence threshold voltage of the EL
element, .

Morcover, in the negative field, the switching elements 71
and 73 are switched on and switching elements 72 and 74 are
switched off. and voltages Vm and V,, are supplied to the
data side driver IC 4.

In this case, the EL element cmits light when the voltage
of the data clectrode is Vm during electroluminescence
timing when voltage of —Vr+Vim has been applied to the
scan electrode. Additionally. voltage of —Vr+Vm—V,, is
applied to the EL element when voltage of the data electrode
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is Vg, but becanse this voltage has been established at a
voltage which is lower than the electroluminescence thresh-
old voltage of the EL element, as was described above, the
EL element is i a non-electroluminescent state,

Consequently, an EL clement can selectively emit light in
a positive ficld, similarly to the above-described first
embodiment.

According to the foregoing structure. a voltage of
Vm=V. is applied to the data side driver EC 4 in the positive
field, Consequently, the breakdown voltage of the data side
driver IC 4 can be reduced by an amount comresponding to
offset voltage V,.

Furthermore. according to this second embodiment. 1ow-
ering of breakdown voltage with respect to both the scan

side driver ICs 2 and 3 and the data side driver IC 4 was

provided. but it is also acceptable to lower the breakdown
voltage with respect to only the data side driver IC 4 if such
is necessary.

Additionally. as shown in FIGS. 6A-6C. when % of
modulation Vm js taken as the offset voltage V., a differ-
ential voltage applied to the EL element during electrolu-
mipescence and during non-electroluminescence can be
optimized.

According to the above-described embodiments, a device
to perform matrix display where a plurality of scan elec-
trodes and a plurality of data ¢lectrodes are mutually per-
pendicular was described. but this invention can be applied
also in a device to perform segmented display. In this case.
it-.is sufficient to perform control so that positive and
‘pegative drive voltage pulses are applied to each segment
with respect to the device shown by the timing diagrams of
FIGS. 3A-3M without performing a shift in scan voltage.
That is. In the positive fisld. an offset veoltage Vm is applied
as a reference voltage to one electrode, together with apply-
ing a voltage Vr during electroluminescence timing, and a
ground voltage is applied to the other electrode for
eleciroluminescence, or voltage ¥Ym (or Vin—Vg, as in e
second embodiment) is applied to the other electrode in a
case of no electroluminescence. Additionally, in the negative
field. ground voltage s applied as a refersnce voltage to one
electrode. together with applying a voltage —Vr+Vm during
electroluminescence titaing. and a voltage Vin is applied to
the other electrode in a case of electroluminescence. or a
ground voltage (or voltage Vi, as in the second
embodiment) is applied to the other electrade in a case of no
electroluminescence.

A block structure of this embodiment is shown in FIG. 7.
In this Figure, a voltage supply circuit 140 supplies the
foregoing valtages of Vr. ¥m. and -Vr+Vm and ground
voltage to a first drive circuit 120, and supplies the foregoing
voltages of Vm, ground voltage. and so on to 2 second drive
circuit 130. The first drive circuit 120 applies voltages which
differ in the above-described positive and negative field to
one electrode 102 of the EL elcment 100, and the second
drive circuit 130 applies the foregomg voltages to another
electrode 106 thereof,

In another preferred embodiment. one electrode is
grounded while positive and negative drive voltage pulses
are applied to the other electrode, The structure of the latter
case is shown in FIG. 8.

In this Figure. voltage supply circuit 140 outputs a voltage
of +Vr and an offset voltage of £V, to a drive circuit 156.
‘The drive circvit 150 applies an alternating current voltage
having offset voltage V, to ancther clectrode of the EL
element 104, as shown in FIG. 9. In this case, the breakdown
voltage of the drive circuit 150 is established by Vi—V,, and
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50 the breakdown voltage can be lowered by an amount
corresponding to offset voltage V.

Additionally, this invention can be applied also in a casc
wherein an EI. element js utilized as a backlight (i.e., panel
electroluminescence).

Furthermore, according to the above-described first and
second cmbodiments, a device utilizing the FETs 21a, 31a,
41a. etc. as switching elements to switch the voltage applied
to the several electrodes in the several driver ICs 2 through
4 was described. but devices other than FET, c.g, thyristors,
bipolar ransistors. and the Iike. can be employed as switch-
ing elements.

The data voltage supply circuit 7 shown in FIG. 5 is a
variation on the power soucce circuit shown in FIG. 10. This
circuit has a single power source 91, and js structured so that
a positive electrode thereof is grounded via an N-channel
FET 92 (a first switching device) and a negative electrode
thereof is grounded via a P-channel FET 93 (a second
switching device). Additionally. a smoothing capacitor 94 is
provided in parallel with this power source 91.

A control signal is input to the N-channel FET 92 from an
input terminal ST, and a control signal is input to the
P-channel FET 93 from an input terminal $2' via a coupling
capacitor 95, Zager diodes %6 and 97 and a resistor 98 are
provided for input protection,

An output cireuit 99 is provided in an output stage of the
power solirce circuit. and output voltage thereof is applied to
ont electrode of an EL element 160. The other electrode of
the EL clement 100 is gronnded,

Operation of the above-described structure wilt be
described hereinafter with reference to thc graphs shown in
FIGS. 11A-11E,

High level and low level control sxgnals are input to the
input terminals S$1' and S2, as shown in FIGS. 11A and 11B.
When the coatrol signals are both low levél, the N-channel
FET 92 s switched off and the P-channel FET 93 is switched
on, Consequently, voltage V of the power source 91 is output
to the positive terminal and ground is output to the negative
terminal.

Additionally, when the control signals are both high level,
the N-channel FET 92 is switched on and the P-channel FET
93 j5 switched off. Consequently. ground voltage is output to
the positive terminal and ~V voltage is output to the negative
terminal.

Meanwhile. the output circuit 99 is interlocked with the
control signals apd is alternatingly switchad to a switch state
of T1 or T2 at a timing shown ic FIG. 11E. Accompanying
this switching. the altemating current voltage of FIG. 11E
according to £V voltage and ground voltage is output. This
alternating current voltage is applied to one side of the EL
element 104, and so the EL clement 100 emits Eght.

‘When 51' and 52' are high level, the N-channel FET 92 is
switched on. and so when T1 is on at this time. output is to
GND. When S1' and §2' go low. the P-channel FET 93 is
switched on, and so T1 remains unchanged and output goes
to V., When switching on from T1 to T2 oceurs with S1' and
§2' remaining unchanged, output goes to ground and ctizrent
from the EL element load flows from T2 through the
parasitic diode of the FET 93 to GND. Qutput times (pulse
widths) T, and Ty for which voltage is output are deter-
mined according to switching timing of the switches T1 and
T2 and change in the state of S1'and S2.

A specifie structure of the output circuit 99 is shown in
FIG. 12. where the output circuit 99 has a P-channel FET
99z and an N-channel FET 99b. and is structured to switch
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on one FET or the other and output either 2 positive terminal
or a pegative terminal yoltage in accordance with high level
and low level signals (signals interlocked with control
signals input to input terminals 51' and S2') from input
tenmipals 99¢ and 994, Fusrther, 9%¢ and 99 in the drawing
are parasitic diodes.

The above-described embodiment is a device to output
£V as an alternating current signal, taking ground voltage as
areference, but when voltage connected to the power source
91 via the FETs 92 and 93 is a second power source to
generate a predetermined reference voltage rather than
ground voltage, alternating current voltage centering on this
reference voltage can be output. In this case, the EL element
100 can emit light similarly to the above-described embodi-
ment when voltage identical to the foregoing reference
voltage is applied to the other clectrode of the EL element.

The circuit described above is used as an EL element
drive circuit. but it can be applied to drive any load.
inciuding a load other than an EL elemeat, which is actuated
by receiving positive and negative alternating current volt-
age frorn a single output line, In this ease, it is acceptable for
the device to selectively output a created positive and
negative voltage by push-pull operation and drive a load,

Additicnally, the driver circuit described above is a push-

pull device connecting a P-channel FET and an N-channel 2

FET. but 2 push-pull driver of solely N-channel FETs is also
acceptable. It js also acceptable to utilize NPN and PNP
bipolar transistors respectively in place of the N-channel
FET 92 and P-channel FET 93.

FIG. 13 shows ancther cmbodiment of the present inven-
tior in which a data veltage supply circuit 7' includes a
charge collecting capacitor 75 and switching elements 76
and 77, and Vi is utilized as a power source voltage, The
charge capacity of the charge collecting capacitor 75 is
sufficiently large in comparison with charge capacity of the
entirety of the EL display panel 1.

Operation in first and second fields according to this
embodiment will be described hereinafter with reference to
the timing diagrams of FIGS. 14A~140.

The charge collecting capacitor 75 is charged with a
charge of Vm/2 , i.e.. half of modulation voltage Vm, as an
initial state. This {s because an amount of capacitor charge
accumulation converges to an equivalent of Vm/2 due to
repeatedly performing drive which will be described here-
inafter.

Initialization is pecformed at a start of operation of this
first field. That is to say. switching elements 51 and 62 are
switched on, switching elernents 52 and 61 are switched off,
and voltages on all scan electrodes are set to Vm.
Additionally. switching element 76 is switched off and
switching element 77 is switched on. 2nd along with this. all
P-channel FETs of a data side driver IC 4 are switched on
and voltages on alt data electrodes are Vm/2.

Subsequent to this initialization, source voltage of the
P-channel FET of the data side driver IC 4 becomes Vin/2.
Herein. the N-channel FET of the data side driver IC 4
connected to the data electrode of an EL element to emit
light is switched on. the P-channel FET thereof is switched
off, the P-channel FET of the data side driver IC 4 connected
to the data electrode of an EL element not to emit Light is
switched on. and the N-channel FET thereof is switched off.
At this ime. voltage of the data electrode of an EL element
1o emit light becomes V2, and voltage of the data elec-
trode of an EL element to emit light becomes 0.

Next. the P-channel FET 21a of the scan side driver ¥C 2
conpected to the scan electrode 201 of the first column is
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switched on, and voltage of the scan electrode 201 is set to
Vr. Simuitanecusly thereto. the switching element 76 is
switched on and the switching element 77 is switched off,
and power source voltage Vm is applied to the data clectrode
of the P-channel FET of the data side driver IC 4 which was
switched on. i.e.. to the data electrode of the EL clement not
to emit light.

At this time. a voltage of Vm—Vr is applied to the EL
element not to emit light, and so the EL element does not
emit light, but voltage Vr is applied to the EL clement to emit
light and the EL clement emits light.

The timing diagram of FIG. 14X shows a state wherein the
P-channel FET 41a of the data-side driver IC 4 is switched
off; FIG. 141 shows that the N-channel FET 415 thereof is
switched on;, FIG. 14M shows that the voltage of the data
electrode 401 is 0: FIG, 14N shows that voltage Vr is applicd
to the EL element 111, and the EL element 111 therefore
emits light,

Thereafter, charge accuronlated in the EL element on the
scan electrode 201 is discharged by switching off the
P-channel FET 21a of the scan side driver IC 2 connected to
the scan electrode 201 of the first column as shown in FIGS.
14E and 14K. and switching on the N-channel FET 21b
thereof as shown in FIG, 14F

At this time. half of the charge with which the entirety of
the EL display panel 1 has been charged between the data
electrodes for which the P-channel FETs of the data side
driver IC 4 were switched on and the data clecirodes for
which the M-channel FETs thereof were switched on by
switching off the switching clement 76 and switching on the
switching element 77 is collected by the capacitor for charge
collecting use 75 via the P-channel FETs of the data side
driver 1C 4.

Charge capacity of the capacitor for charge collecting use
75 is sufficiently large in comparison with charge capacity of
the EL elements. and the voltage Vm/2 between terminals
remains substantially unchanged.

Finally. voltages on all data side electrodes arc set to
V2 by switching on ali P-channel FETs of the data side
driver IC 4,

Operation for the scan lines of the second and following
columns is similar to the foregoing. According to the timing
diagram of FIG. 14I. at the scan line of the second column.
the Pechannel FET dla of the data side driver IC 4 s
switched on: as shown in FIG. 14J, the N-channel FET 41b
thereof is switched off; as shown in FIG. 14M. the voltage
on the data electrode 401 is set to ¥my; voltage Vr-Vm is
applied to the EL ¢lement 121 as shown in FIG. 140; and the
EL element 121 does not emit Llight.

In the second field. initialization is first performed, That
is. after electroluminescence operation for all columns in the
first field has been performed. switching elements 51 and 62
are switched off. switching elements 52 and 61 are switched
on, voltages on all scan electrodes are set to ground., and
along with this. all N-channel FETS of the data side driver IC
4 are switched on. al| data electrodes are set to ground, and
charge which is the equivalent of approximately Vm/2
accumulated in all elements is discharged. Thus, the voliage
on all data electrodes goes to 2e10.

Additionally, switching el 72 is switched off and
switching element 73 is switched on, and the source voltage
of the P-channel FETS of the data side driver IC 4 becomes
V2.

Herein. the N-chaonel FET of the data side driver IC 4
connected to the data electrode of an EL element to emit
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light is switched off, the P-channel FET thereof is switched
oa, the P-channel FET of the data side driver IC 4 connected
to the data electrode of an FL element not to emit light is
switched off. and the N-channel FET thereof is switched on.

According to the example in FIG. 13, voltage on the data
electrede 401 is Vm/2 by switching on the P-channel FET of
the data side driver IC 4 connected to the data electrode 401
as shown in FIG. 14M.

Next, the N-channel FET 215 of the scan side driver IC 2
conpected to the scan electrode 201 of the first column is
switched on as shown in FIG. 14F, and voltage of the scan
electrode 201 becomes ~Vr+Vm. Simultancously thereto,
the switching element 76 is switched on and the switching

“elemeat 77 is switched off, and power source voltage Vm is

applied to the data electrode’ (data.elsctrode 401 or the like)
of the P-channel FET of the data side driver IC 4 which was
switched on as shown in FIG. 14M.

At this time. voltage Vr is applied to an EL ¢lement to

-emit light and the EL clement emits light, and voltage of
Vm~Vr is applied to an EL element not to emit light and the .

EL clement does not emit light,

Thereafter. charge accumulated in the EL element on the
scan electrode 201 is discharged by switching on the
P-channel FET 2la and switching off the N-channe] FET

. 215 as shown in FIGS, 14E and 14F.

At this time. half of the charge with which the entirety of
the EL display panel 1 has been charged between the data

. tlectrodes for which the P-channel FETs of the data side
" driver IC 4 were switched op and the data ¢lectrodes for

which the N-channel FETs thereof were switched on by
switching off the switching clement 76 and switching on the
switching element 77 is collected by the charge collecting
capacitor 75 via the P-channel FETs of the data side driver
IC 4, ‘The charge capacity of the charge collecting capacitor
is sufficiently Jarge in cornparison with the charge capacity
of the EL elements, and the voltage Vm/2 between terminals

remains substantially unchanged.

Finally. voltages on all data side electrodes are set to
Vm/2 by switching on all N-channel FETs of the data side

. driver IC 4..

Operation. for the scan lines of t.he second colum.n and
after is similar to the fofcgoing,-

By perfonmna drive s was described above charge,

collected in the chérge collecting capacitor 75 is used to set
the voltage of the data electrode 401 to be Vm/2 prior to an
electroluminescence operation at the subsequent scan line.
Consequently,” power consumption occurs only when the
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switching.clement 72 has been switched on. and an amount .

. .of -output required from the power source Vm is 50%

compared with the prior ant; that is to say. power consump-
tion becomes 50% in comparison with the prior art.
According to this embodiment, power source voltage at
the data voltage supply circuit 7 is the same voltage as
modulation voltage Vm. and 5o there is no need to create
voltage of Vin/2 as with the device according to the prior art

. shown in FIG. 15. and the power source syst:m can be

simplified.
The voltage applied to the scan electrodes in the above

. embodiment was Vi, ~Vr+Vm, or (, and the voltage applied

to the data electrodes was Vm or 0. but this invention is not
exclusively limited to such voltages, and it is acceptable. for
example, to set the voltage applied to the scan electrodes to
be Vr-Vm/2 ar —Vr+Vm/2 . and to set the voltage applied to
the data electrodes to be Vm/2 or —Vm/2,

Additionally, data side applied voltage rose in two stages,
but it is also acceptable to provide a plurality of capacitors
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for charge collecting use and to increase the number of
stages. In this case. the effect of reduction of power con-
suraption becomes greater as the - oumber of stages is
increased.

Furthermore, the above-described method of EL drive is
not exclusively limited to a field reversing drive method, and
a field refreshing drive method may altematively be used.

Still further, a device wherein charge collection is per-
formed from a data electrode side was described, but charge
collection from a scan electrode side is also acceptable,

Yet further, this invention is not exclusively limited to a
device to drive a matrix-type EL display device, but can be
applied alse to an EL display device to perform pattern
display.

Yet still farther. a device utilizing FEI’S in'the output
stages of the scan side driver ICs 2. 3. and 4 was described.
but output stages utilizing thynstors or bxpoIa.r transistors is
also acceptable,

Although the present invention has bcen fully d:scnbedm
connection with the preferred embodiment thereof with
reference to the accompanying drawings, it is to be noted
that various changes and modifteations will become appar-
ent to those skilled in the art. Such changes and modifica-
tions are to be understood as being included within the scope
of the present invention as dcﬁncd by the appended claims.

We claim:

1. An EL display dcvnce comprising:

an EL display panel having a plurality of scan electtodes,
a plurality of data electrodes. and a plurality of EL
elements formed at intersections of said scan electrodes
and said data electrodes;

a scan electrode drive circnit to sequentially output a scan
voltage having a differing polarity- with each positive
and negative field to said plu:ahty of scan electrodes; ’
and

a data electrode drive. cu-cmt to output dam voltag: to said
plurality of data electrodes; and )

a voltage supply circuit for ‘generating said scan voltage
and said data voltage by supplying to said scan elec-
trode drive circuit. in said positive field. a positive

" polarity scan voltage and a first offset voltage which is
higher than ground level; wherein

said scan electrode drive circuit is forther for setting

"+~ voltages of said plurality of scan electrodes to be said
first offset voltage in said positive field. together with
outputting said positive polarity scan voltage, to said
plu.rahty of sean electrodcs during electroluminescence
operation:

said data voltage has a modulation voltagc to determine
electroluminescence of said plurality of EL ¢lements;

said first offset voltage is established at a voltage level
identical to said modulation voltage;

said voltage supply circuit has a first power source and a
sécond power source; and

said voltage supply cirenit includes first swutchmg means
for connecting a positive electrode of said first power
source and a negative clectrode of said second power
sotree so that when said modulation voltage is supplied
from said first power source positive electrode to said
data electrode drive circuit and said first means for
switching has been switched on. said first offset voltage
equal to said modulation voltage and said positive
polasity scan voltage are respectively supplied to said
scan electrode drive circuit from said second power
source negative electrode and said first power source
positive elecirode.
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2. An FL display device as recited in claim 1. said voltage
supply circuit further comprising second switching means
for connecting said second power source positive electrode
to a predetermined reference voltage;

wherein when said first means for switching has been
switched off and said second means for switching has
been switched on. negative scan voltage of negative
polarity in said nepative field is supplied to said scan
electrode drive circuit from said second power source
pegative electrode.

3. An EL display device as recited in claim 2, wherein:

said predetermined reference voltage is ground voltage;
and

sald negative polarity scan voltage is established at a
voltage obtained by subtracting said positive polarity
scan voltage from said modulation voltage,

4. An EL display device comprising:

an BI, display panel having a plurality of scan clectrodes,
a plurality of data electrodes. and a plurality of EL
elements formed at intersections of said scan electrodes
and said data electrodes;

a scan electrode drive circuit to sequentially output a scan
voltage having a differing polarity with each positive
and negative field to said plurality of scan electrodes;
and

a data electrode drive eircuit to output data voltage to said
plurality of data electrodes; and

a voltage supply circuit for generating said scan voltage
and said data voltage by supplying to said scan elec-
trode drive circuit, in said positive field, a positive
polarity scan voltage and a first offset voltage which is
higher than ground level; wherein

said scan electrode drive circuit is further for setting
voltages of said plurality of scan electrodes to be said
first offset voltage in said positive field. together with
outputting said positive polarity scan voltage to said
plurality of scan electrodes during electroluminescence
operation;

said data voltage has a modulation voltage to determine
electroluminescence of said plurality of EL elements:
and

sald voltage supply circuit is for supplying said modula-
tion voltage and a second offset voltage which is higher
than ground Jevel to said data electrode drive circuit as
said data voltape in said nepative field,

5. An EL display device as recited in claim 4. wherein said
voltage supply circuit is for supplying a voltage lower than
said modulation voltage by an amount corresponding to said
second offset voltage and ground voltage to said data elec-
trode drive circvit as said data voltage.

6. An EL display device corprising:

ap EL display panel having a plurality of scan electrodes.
a plurality of data electrodes. and a plurality of EL
elements formed at intersections of said scan electrodes
and said data electrodes;

a scan electrods drive circuit to scquentially cutput a scan
voltage having a differing polarity with each positive
and negative field to said plurality of scan electrodes;
and

a data electrode drive circuit to output data voltage to said
plurality of data electrodes;

a voltage supply circuit for generating said scan voltage
and said data voltage by supplying to said scan elec-
trode drive circuit. in said positive field. a positive
polarity scan voltage and a first offset voltage which is
higher thaa ground level;
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first switching means for setting a power source voltage to
be applied to an EL element of said EL elements during
electroluminescence drive of said EL element;

a charge collecting capacitor for collecting a charge
charged in said EL element by application of said
power source voltage; and

second switching means for charging said EL clement by
a charge collected by said charge collecting capacitor
prior to electroluminescence drive of said EL element,
and for causing said capacitor to collect a charge
charged in said EL element subsequent to electrolumi-
nescence drive of said EL element;

wherein said scan clectrode drive circuit is further for
setting voltages of said plurality of scan clectrodes to
be said first offset voltage in said positive field, together
with outputting said positive polarity scan voltage to
said plurality of scan electrodes during electrolumines-
cence operation,

7. An EL display device as recited in claim 6. wherein:

said first switching means is disposed in a power source
line to supply said power source voltage; and

said charge collecting capacitor and said second switching
means are disposed in series between said power source
line and ground.

8. An EL display device comprising:

an EL display panel having a plurality of scan electrodes,
a plurality of data electrodes. and a plurality of EL
elements formed at intersections of said scan electrodes
and said data electrodes;

a scan clectrode drive circuit to sequentially output a scan
vuitage having a polarity alicrating i comespondence
with an alternation in positive and negative ficld of
operational cycles of said device to said plurality of
scan electrodes: and

a data electrode drive circuit to output a data voltage to
said plurality of data electrodes; and

a voltage supply circuit for generating said scan voltage
and said data voltage by supplying to said scan elec-
trode drive circuit, in said positive field. a positive
polarity scan voltage and a first offset voltage which is
higher than ground level; wherein

said scan electrode drive circuit is further for seiting
voltages of said plurality of scan electrodes to be said
first offset voltage in said positive field. together with
outputting said positive polarity scan voltage to said
plurality of sean electrodes doing electroluminescence
operation:

said data electrode drive circuit is for outputting, as one
of said data voltages and in a relationship with said scan
voltage. a modulation voltage to cause one of said EIL
elements to selectively exnit light; and

said voltage supply circeit supplying said modulation
voltage to said data clectrode drive circuit. said voltage
supply circuit including first switching means for sup-
plying said modulation voltage during clectrolumines-
cence drive of said EL element, a charge collecting
capacitor. and a second switching means for charging
of said EL element via said data clectrode drive circuit
by a charge collected by said capacitor for charge
collecting use prior to electroluminescence drive of
said EL element, and for charging said charge collect-
ing capacitor to collect via said data electrode drive
circuit a charge charged in said EL element subse-
quently to clectroluminescence drive of said EL ele-
meat.
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9. An EL display device comprising:

an EL display panel having a plurality of scan electrodes,
a plurality of data electrodes. and a plurality of EL
¢lements are formed at intersections of said scan elec-
trodes and said data electrodes;

a scan electrode drive circuit to sequentially output a scan
voltage having a differing polarity with each positive
and negative field to said plurality of scan electrodes;
and

a data electrode drive circuit to output data voltage to said
plurality of data electrodes; and

a voltage supply circuit for generating said scan voltage
and said data voltage by supplying a modulation volt-
age to determine electroluminescence of said plurality
of EL ¢lements and an offsct voltage which is higher
than ground level to said data electrode drive circuit;

wherein said data electrode drive cirenit, in said negative
field, with respect to a data electrode of an EL element
caused to be in an electroluminescent state, is further
for setting a voltage thereof to be said modulation
voltage. and with respect to a data clectrode of an BL
element caused to be i a non-electreluminescent state.
is further for setting a voltage thereof to be said offset
voltage;

said voltage supply circuit is for supplying a voltage
lower than said modulation veltage by an amount
comresponding to said offset voltage and ground voltage
to said data electrode drive circuit as said data voltage;
and

said data electrode drive circuit. in said positive field. with
respect Lo a data clectrode of an EL clement caused to
be in an electroluminescent state, is for setting a voltage
thereof to be said ground voltage. and with respect to
a data electrode of an EL element caused to be in a
noa-electrolominescent state. is for setting a voltage
thereof to be a voltage lower than said modulation
voltage by an amount comesponding to said offset
voltage.

10. Au EL display device having an EL clement. said

device comprising:

a first drive circuit to cutput a first drive voltage to a first
electrode of said EL element and a second drive circuit
to output a second drive voltage to a second electrode
of said EL element so that a drive voltage pulse with an
alternating positive and negative polarity is applied
between said first and second electrodes. said first and
second clecirodes forming a pair of electrodes;

wherein said device further comprises a voltage supply
circuit for generating a voltage required to gencrats
said alternating positive and negative polarity drive
voltage pulse in said first and second drive circuits by
supplying a first main voltage to generate said positive
polarity drive voltage pulse and a first offset voltage
which is higher than ground level to a first one of said
first and second drive circuits,

said first main voltage is such that, in a relationship with
said second drive voltage, voltage applied between said
pair of electrodes becomes at Jeast a threshold voltage
for causing said EL element to emit light,

said first off set voltage is such that. in z relationship with
said second drive voltage. voltage applied between said
pair of electrodes becomes lower than a threshold
voltage,

said voltage supply circuit is further for supplying a
rcdulation voltage to generate said negative polarity
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drive voltage pulse and a second offset voltage whick
is higher than ground level to a second one of said first
and second drive circuits. and

said second offset voltage is such that, in a relationship
with a drive voltage of said first one of said first and
second drive circuits. voltage applied between sajd pair
of electrodss becomes lower than said threshold volt-
age.

11. A display device comprising:

a display panel having a plurality of scan electrodes, a
plurality of data electrodes, and a plurality of display
elements formed at intersections of said scan electrodes
and said data electrodes;

a scan electrode drive circuit to input a first power voltage
from a first power supply through a pair of power
supply lines and sequentially output a scan voltage; and

a data electrode drive circuit to input a second power
voltage from a second power supply throogh a pair of
power supply lines and sequentially output 2 data
voltage:

whereit a positive terminal of said first power supply is
coanected (o a negative terminal of said secopd power
supply with 2 first switch interposed therebetween,

a negatlve terminal of said first power supply is connected
10 a positive terminal of said second power supply with
a second switch interposed thersbetween.

an operational cycle of said display device includes a
positive field and a negative field, one of said first and
second switches being turned oc alternately in each of
said positive and negative fields.

12, An EL display device comprising:

an EL display panel having a plurality of scan electrodes,
a plurality of data electrodes. and a plurality of EL
elements formed at intersections of said scan electrodes
and said data electrodes; '

a scan electrode drive circuit to sequentially output a scan
voltage having a polarity alternating in correspondence
with an alternation in positive and negative fields of an
operational cycle of said device to said plerality of scan
electrodes:

a data clectrode drive circuit to output a data voltage to

said plurality of data electrodes; and

voltage supply circuit for generating said scan voltage

and said data voltage by supplying to said scan elec-

trode drive circuit. in a4 pre-determined field, a scan

voliage with predetermined polarity scan voltage and a

first offset voltage which has a pre-determined voltage

which is different from ground level;

wherein said scan electrode drive circuit is further for
setting voltages of said plurality of scan electrodes to
be said first offset voltage in said pre-determined field,
together with outputting said pre-determined polarity
scan voltage to said plurality of scan electrodes during
electroluminescence cperation.

said data voltage has a modulation voltage to determine
electroluminescence of said plurality of EL elements.

said first offset voltage is established at a voltage level
identical to said modulation voltage.

said voltage supply circuit has a first power source and a
second power source, and

said voltage supply circuit includes first switching means
for connecting a positive electrode of said first power
source and a negative electrode of said second power
source so that when said modulation voltage is supplied

o
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from said first power source positive electrode to said
data electrode drive circuit and said first switching
means has been switched on, said first offset voltage
equal to said modulation voltage and said predeter-
mired polarity scan voltage arc respectively supplied to

20

said scan electrode drive circuit from said second
power source negative electrode of said second power
source and positive electrode of said first power source.
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DRYVING CIRCUIT FOR AN ORGANIC
ELECTROLUMINESCENT ELEMENT USED
IN A DISPLAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an emitting element
driving circuit for driving an emitting element, and particu-
Iarly to an emitting element driving circuit for driving an
emitting element having a capacitor i parallel to an emis-
sion part represented by an electrical equivalent circuit
thereof.

2. Description of the Related Art

In the emitting elements, there is an electric field emitting
element such as an organic electroluminescent (EL) emitting
element. FIG. 6 shows a cross-sectional view of the EL
clernent. This organic EL element consists of a cathode of a
metallic electrode 101, an anode. of a transparent electrode
102. and an organic fluorescent thin film 103 of an organic
compound layer or more and an organic positive-hols trans-
port layer 104 which are layered between the cathode and
the anode.

In the organic EIL emitting device, a glass substrate 105 is
furnished outside the ransparent anode 102, A power supply
106 provides electrons and positive-hole to the organic EL
emitting device. The recombination of electrons injected
from the metal cathode 101 and the holes injected from the
transparent anode 102 to the emitting layer 103 generates
excitons, The excitons emit light when they are deactivated
through radiation. This light radiates toward outside through
the transparent anode 102 and the glass substrate 105, An
electrical equivalent circuit of this organic EL element has a
capacitance because of the lamination structure of clectrodes
and organic fluorescent substance layers and so on.

FIG. 7 shows the elecirical equivalent circuit of the
organic EL emitting element where numeral 107 denotes an
emission part of constant-voltage clement. oumeral 108
denotes an internal resistor, ard 109 denates a capacitor. As
seen from the figure, the capacitor 109 is connected to the
emission part 107 and the internal resistor 108 in parailel.

Assuming that & matrix array of the organic EL emitting
elements is driven through the AC driving method with a
pulse current in the form of scanninp, a voltage-waveform
generated from the emitting element will be described.

FIG. 8 shows a voltage-waveform before and after sean-
nipg the emitting element through the AC driving method.

The ordinate of FIG. 8 denotes a voltage value across the
clectrodes of the emitting element and the abscissa denotes
time. In FIG. 8. numeral 110 denotes a scanning duration,
and numeral 111 denotes a charging duration for the capaci-
tor 109 of the EL elemnent. In addition. VF denotes a forward
voltage at a peak emission decided by the static character-
istic.

As seet from the figure. the cument injected to the
emitting element during the scanning is consumed by the
electric charging of the capacitor 109 at the beginning, so
that the emitting element does not emit light, After the
scanning. an inverse voltage is applied across the emitting
element to prevent an erronecus emission due to the
crosstalle, thereby to extract the electric charge charged in
the capacitor 109 during the emission to the outside. so that
the charged electric charge does not contribute any emission
of the emission part 107. In addition. an instantaneous
lumipance of the emitting element is proportional to the
leve! of the forward current injected to the emission part 107

5
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thereof. An average luminance of the emitting element
during the AC-driving is decided by the product between all
of the amount of electric charge injected into the EL element
during a period to be measured for the average and the
quantum efficiency of the EL element. Therefors. when the
quantum efficiency of the EL element is constant, the
averape luminance of the emitting element is proportional to
all of the amount of electric charge injected into the EL
element during one scanning of AC current.

FIG. % shows a portion of an equivalent circuit of a
displaying device comprising organic EL emitting elements.
In FIG. 9. numerals 1 denote organic EL emitting elements.
therefore. the displaying device is constructed with a matrix
of the ber of N x N (only four elements
appear in FIG. 9) in which the scanning line consists of the
number of N of the EL elements. The cathodes of EL
elements are connected at the same time by the switches 114
to power supplies 116 so that voltages are applied thereto,
while the anodes are connected by the switches 115 so as to
sequentially scap the pumber of N of the EL element row
(vertical) thereby to emit light. In addition, numeral 112
denotes an external resistor used for applying an inverse
voltage to the EL cf during the ing in order to
prevent an erroneous emission of the EL clements. The
numeral 113 denotes a power supply for the whole driving
cireuit.

The conventional organic EL emitting element is con-
structed as mentioped above and used for 2 displaying
device containing the organic EL emitting element.

However, such an emijtting element driving circuit with
the simple matrix arrangement for the organic EL emitting
elements has a problem that the instant. ission
luminance of each EL element during the scanning increases
in proportion to the number of the scanning lines per one
scapning in case that a p rmined desired luminance is
given through the AC driving method, so that the EL
emitting element is deteriorated or broken. In addition, the
higher forward voltage increases, the higher the cument

arT

4 fowing in the EL clement increases in such a driving circuit.
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As a result, this causes the elevation of the power supply
voltage for driving the emitting elerments, and thus the
pumber of the scapning lines are limited insufficient to
achieve a high resolution for 2 displayed image.

SUMMARY QF THE INVENTION

Thus, the present invention has been made to solve such
a problem in view of the forgeing status. An object of the
invention is to provide a drving circuit for driving an
emitting element having a capacitor in parallel to an emis-
sion part. in its electrical equivalent cireuit capable of
achieving a sufficient luminance cven at a constant voltage
of the power supply during a high speed scanning driving
and to prevent the emitting element from deteriorating or
being broken by lowering instantaneous luminance of the
cmitting element.

The present invention set forth in claim 1 is an emitting
element driving circuit for emitting an ernitting element
conoprising a rectifier directly connected in series to the
emitting element. per one cmitting element.

According to the present invention. the rectifier connected
in series to a capacitor. which is coanected in paralle] to an
emission part in the electrical equivalent circuit of the
emitting element, prevents from extracting the cleciric
charge charped inthe capacitor during the emission scanning
to the outside. As a result. the remaining electric charge of
the capacitor is used for the next emission scanning, so that
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the emission efficiency is improved. Therefore, the power
supply voltage to be applied to the emitting element for a
desired luminance is saved and the deterioration amd
destruction of the EL element are prevented.

In case that the emitting element driving circuit of the
present jnvention is used in the displaying device with a
siraple matrix circuit driven with a short scanning period, the

levation of the i Iuminance of the EL element
is suppressed regardless of the increase of the number of the
scanning lines. Therefore. the number of the scanning lines
may be increased for achieving a high resolution for a
displayed image, .

QOther and further features, advantages and benefits of the
invention will becorme apparent in the following description
taken in conjunction with the following drawings, It is to be
understood that the foregoing general description and fol-
lowing detailed description are exempiary and explanatory
but are not to be restrictive of the invention. The accompa-
nying drawings which are incorperated in and constitute a

—
@

part of this invention and. TogEther with the description; 2

serve to explain the principles of the invention in general
terms. Like numerals refer to like parts throughout the
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electrical equivalent circuit diagram of the
emitting element driving circuit in the present invention;

FIG. 2 is a graphical representation showibg a voltage-
waveform before and after scanning the emilting element
through the AC driving method in accordance with the
present invention;

FIG. 3 is a graphical representation showing a voltage-
waveform generated across the EL clement driven at a high
speed by an emitting element driving ciceuit n accordance
with the present invention;

FIG. 4 is a graphical representation showing instanta-
neous emission luminance characteristics of the EL element
driven at high and low speeds by an emitting clement driving
cireuit in accordance with the present invention;

FIG. 5 is an electrical equivalent circuit diagram, of the
displaying device using the emitting element driving circuit
in accordance with the present invention;

FIG. 6 is a schematic cross sectional view of an organic
EL emitting element;

FIG. 7 is an -electrical equivalent circuit diagram of an
organic EL emitting element driving circuit;

FIG. 8 is a graphical representation showing a vollage-
waveform before and after scanning the emitting element
through the AC driving method; and

FIG, % is an electrical equivalent circuit diagram of the
displaying device using the emitting elemnent driving circuit.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENTS

The embodiments according to the present invention will
be described in more detail with reference to the accompa-
nying drawings. particularly FIGS. 1 to 5.

FIG. 1 shows the electrical equivalent circuit of the
organic EL emitting element driven by an emitting element
driving circuit according to the present invention. where
pumeral 1 denotes an emitting element such as an organic
EL cmitting element. and numeral 107 denotes an emission
part of constant-voltage element. and nuroeral 108 denotes
an jnternal resistor. and 109 denotes a capacitor, As seen
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from the figure, the capacitor 109 is connected to the
emission part 1077 and the internal resistor 108 in parallel in
the organic EL cmitting element. Jn addition, numeral 2
denotes a reciifier such as a rectification diode or the like
which is connected in series to the emitting element 1. Both
the emitting ¢lernent ¥ and the rectifier 2 may be included in
the emitting element driving circuit,

In case that the emitting element driving circuit with a
matrix array of the organic EL emitting elements is driven
through the AC driving method with a pulse current in the
form of scapning driving. a voltage-waveform generated
from the emitting element will be described.

FIG. 2 shows a voltage-waveform before and after scan.
ping the emitting element through the AC driving method.

The ordinate of FIG. 2 denotes a voltage value appearing
across the clectrodes of the emitting element and the
abscissa denotes time. In FI(Z. 2, numeral 3 denotes a
scanning duration. and numeral 4 denctes a charging dura-
tion for the capacitor 109 of the EL emitting clement 1

Nustieral & denotes x discharging duration for the capacitos ..

109 of the EL emitting clement 1. In addition. VF depotes a
forward voltage at a peak c¢mission decided by the static
characteristic, As seen from the figure. the applied forward
voltage injects the current to the emitting clement during the
scanning of the emitting element driving circuit. The
injected current is cc d by the electric charging of the
capacitor 109 at the beginning, so that the emitting element
i.e.. the emission part does not emit light, Next, upon the
lapse of charging duration 4, the cmission part 107 starts to
emit light at the forward voltage level (VF shown in FIG, 2).
Affer the scanning duration 3, an ibverse voltage is applied
across the emitting element 1, but the rectifier 2 functioning
as a8 valve prohibits the injection of the inverse current, At
this point, the emitting clement driving circuit becomes a
closed circuit. so that the electric charge remaining in the
capacitor 109 flows through the internal resistor 108 into the
emission past 107, so that the emission of the emitting
clement 1 continues during the discharging duration 5. As a
result, the average luminance of the EL. element per one
scanning iscreases by the level of the remaining clectric
charge of the capacitor 109 in comparison with the conven-
tional device at a low speed scanning.

Furthermmore, in case that the number of scanning per a
unit time in the emitting element driving circult is increased
ie. the scanning speed is raised up. finally, the next scan-
ning starts before all of the remaining electric charge of the
capacitor 109 of the Jast scanning finishes Howing into the
enission part. As a result, the EL element continues to emit
light.

In this case of at a high speed scanning, since the
switching interval of the cusrent is shorter than the charging
duration of EL element, one part of the current flowing into
the FI, element s consumed by the electric charging of the
capacitor 109, Therefore, the voltage-waveform 6 appearing
across the EL element is obtained as shown in FIG. 3 in
which the peak of the voltage-waveform 6 does not reach at
the forward voltage VF decided by the static characteristic
of the EL element,

FIG, 4 shows varlations of instantancous emission lumi-
nance with respect to time in which tlie luminance curve 8
is at a high speed scanning of the EL element and the
lumingoce curve 9 is at a low speed scanning of the EL
clement, The peak of the high speed luminance curve 8 does
not reach at the peak level of the high speed instantaneous
emission luminance (LP shown in FIG. 4). The average
emission luminance of the high speed curve 8 is substan-
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tially d at ac I of the

speed in the conditions that the scanning duty ratio is
constant, because the average luminance of the emitting
element during the AC-driving is decided by the product
between all of the amount of electric charge injected into the
EL element during a period to be measured for the average
and the quantum efficiency of the EL element.

Next, an operation of a displaying device comprising
organic EL emitting elements according to the present
invention will be deseribed with reference to FIG. 5. FIG. §
shows a portion of an equivalent circuit of the displaying
device comprising organic EL emitting elements driven by
the emitting element driving circuit according to the present
invention. In the figure. numerals 1 denote organic EL
emitting elements. and aemerals 2 denote rectifiers each Is
connected in series to each organic EL emitting clement.
This displaying device is constructed with a simple matrix
arrangement of the number of N x N (ouly four elements
appear in FIG. 5) in which the scanning line consists of the
number of N of the EL clements. The cathodes of EL
elements are connected at the same time by the switches 114
to power supplies 116 so that voltages are applied thereto,
while the anodes are connected by the switches 115 so as to

ialty scan the ber of N of the EL element row
(vemca.l) thereby to emit light. In addition. numeral 112
denotes an external resistor vsed for applying an inverse
voltage to the EL elements during the scanning in order to
prevent an emonsous emission of the EL zlements. The
numeral 113 denotes a power supply for the whole driving
circuit,

The higher scanning speed of the displaying device is
raised gradually, finally, the next scanning starts before all of
the remaining electric charge of the capacitor 109 of the last
‘scanning finishes flowing into the emission part. As a rasult.
the EL clement continues to emit light. Therefore, any
¢lectrie charge charged in the capacitor of each EL element
during the' emission is not extracted to the outside. In
contrast the remaining electric charge in the capacitor is used
for exission of the EL element, so that the emission effi-
ciency is improved. In addition. since the peak luminance of
each EL clement becomes close to the average luminance,
the electric load to the emitting elernent is reduced. so that
the life of the EL element increases greatly. Furthermore. the
peak voltage to applicd to the EL element is managed to the
average voltage required for the average luminance.
Therefore. the displaying device comprising organic EL
eminting elements according to the present invention can be
provided with a low power supply voltage lower than that of
sufficient to maintain the average luminance emitted by the
conventional organic EL emitting element having the power
supply 113 as showa in FIG. 9. i.e.. the consumaption power
is saved and the destruction of the EL clement due to
overvoltage is prevented.

In addition to the above embodiment in which the emit-
ting element driving circuit drives the organic EL crmitting
elements, the present invention may be adopled to any
emitting element other than the organic EL emitting element
in the electrical equivalent circuit such as a light emitting
diode. a self-emission type EL element, as far as the emitting
element has a capacitor in paralfel to an emission part in its
electrical equivalent circuit.

According to the present inventior set forth in claim 1. the
rectifier connected in series to a capacitor in parallel to an
¢mission part in the electrical equivalent circuit of the
emitting element prevents extracting the electric charge
charged in the capacitor during the scanning to the outside.
As a result, the remaining electric charge of the capacitor is
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used for the next emission scanning. so that the emission
efficiency is improved. Therefore, the power supply voltage
1o be applied to the emitting element for a desired luminance
is saved. Therefare, the present invention adapwd into the
dlsplaymg device secures a sufficient emission duration
without using a circuit having a memory characteristic such
as a thin film transistor (TFT). Moreover, the present inven-
tion adapted into the displaying device with a simple matrix
construction of emitting elements may easily drive a display
panel with a high duty ratio,

Since the peak luminance becomes near the average
luminance in the present invention, the power supply volt-
age for a desired luminance of the emitting efement is saved
at a low level. Further, the deterioration and destruction of
the EL element are prevented.

In the case that the present invention is used for the
displaying device with a simple matrix circuit. the increase
of the number of the scanning lines docs not cause the
instantaneous luminance of the EL clement rising.
Therefore. the number of the scannipg lines may be
inareased to achieve a high resolution for a displayed image.

In addition. when that the present invention is used for the
displaying device with a dot matrix circuit, the gray scale
representation may be easily achieved by a pulse density
raoderation or the like because of a short scanning period,

It should thus be apparent that the scope of the teaching
of this invention is not intended to be limited by only the
embodiments that have beer cxpressly disclosed and
illustrated, but that instead the scope of the teaching of this
invention should be read as being commensurate with the
scope of the claims that follow.

‘What is claimed is:

1. An emitting clement driving cireuit for driving an
emitting element compnsmg

at least one organie electrol

and ;

a rectifier directly connected in series to said cmitting

element, wherein said emitting element has a capacitor
in parallel to an emissicn part in its electrical equivalent
circoit.

wherein. i diately after a g duration with a

forward bias to the cmitting element and the rectifier. an
inverse voltage is applied across the emitting element,
and said rectifier prohibits injection of an inverse
current to the emitting element so that emission of the
emitting slement continues during a discharge period,

2. An emitting element driving cirenit according to claim
1 wherein a plurality of the emitting elements are used for
a displaying device so as to be constructed with a matrix
arrangement array having a number of scanning lines and
vertical row lines to form plural crossover points at which
the emitting el are d to the ing lines
and vertical row kHnes respectively.

3. An emirting element driving circuit according to claim
2 wherein said matrix arrangement amray of the emitting
elements is driven through an AC driving method.

4. An emitting element driving circuit according to claim
1 wherein, each of said emitting clements is an organic
electroluminescent element comprising a cathode of a metal-
lic electrode, an anode of a transparent electrode, and an
organic Huorescent thiv film of an organic compound layer
and ae organic positive-hole transport layer, which are
layered between the cathode and the anode. wherein said
rectifier is directly connected in series and in a forward
direction thereof to said organic electrol

5. An emitting element driving circuit for emitting ele-
ments with a simple matrix arrangement comprising:

cmmmg
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organic electroluminescent emitting element arrangedina
simple matrix each having 2 cathode and an anode and
2 capacitor in parailel to an emission part in its elec-
trical equivalent circuit;

vertical row lines connected to said emitting elements
each connectable to a first power supply for applying a
forward voltage thereto; .

scanning lines ¢rossing apart from said vertical row lines

. to form plural crossover points at which the emitting
clements are disposed respectively and each connect-
able to a switch used for applying an inverse voltage to
the emitting elements; and

L3

8
at least one rectifier directly connected in series and ina
forward direction thereof to each of said emitting
clements between respective ones of said vertical row
lines and scanning lines. wherein, immediately after a
scanging duration with a forward bias to the emitting
element and the rectifier, an inverse voltage is applied
across the cmitting element, and said rectifier prohibits
injection of an inverse current to the emitting element
so that emission of the emitting element continucs
during a discharge period.

* ok ok Kk #*
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[57] ABSTRACT

An arganic EL display device has a substrate. a plurality of
organic EL elements formed on the substrate and a plurality
of thin film transistors formed on the substrate, The transis-
tors are connected to the respective EL elements for con-
trolling current applied to the respective elements. Bach of
the transistors ivcludes an active layer of semiconductor
material. formed on the substrate, a sourceregion and & drain
region being formed in the active layer. a source electrode of
aluminum material electricaily coupied to the source region
formed in the active layer. a drain electrode of aluminum
material electrically coupled to the drain region formed in
the active layer. an insulation layer formed on the active
layer, a gate electrode formed on the insulation layer, a first
barrier metal Jayer of titanium nitride contaiping equal to or
less than 50 atm % of nitrogen or titanium, inserted between
the source electrode and the source region of the active layer,
and a second barrier metal layer of titanium nitride contain-
ing equal to or less than 50 atm % of nitrogen or titanjum,
inserted between the drain electrode and the drain region of
the active layer.
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THIN FILM TRANSISTOR, ORGANIC
ELECTROLUMINESCENCE DISPLAY
DEVICE AND MANUFACTURING METHOD
OF THE SAME

FIELD OF THE INVENTION

The preseat invention rejates to a thin film transistar used
in an organic ¢lectroluminescence (EL) display device, the
organic EL display device and a method of manufacturing
the organic EL display device.

DESCRIPTION OF THE RELATED ART

In an organic EL display device. many of organic EL
elements are aranged in matrix on a substrate. Bach of the
EL elernents, namely a pixel (picture element). consists of a
trapsparent electrode layer, an organic EL layer and an upper
electrode layer. At least one thin film transistor for coetyol-
ling current applied to the EL clement is electrically con-
nected to this EL element.

In general. each of the thin film transistors has a silicon
active layer with & source region and a drain region. and
source and drain electrodes of alumipum material to be
electrically connected to the source and drain repions,
respectively. In the conveational thin film transistor, barsier
metal layers made of chrome material are inserted between
the silicon active layer and the source and drain electrodes
56 as to prevent silicon atoms in the silicon active layer from
being diffused and disappeared into the source and drain
electrodes of aluminum material.

However, according to the conventional organic EL dis-
play device. chrome used for material of the barrier metal
layers of the thin film transistors often elutes into the upper
electrode layers and the transparent electrode layers of the
EL elements causing the thin film transistors to short-circuit
with the upper electrode layers or the transparent electrode
layers, Subsequently to this. all the chrome of the barrier
metal layers may clute so that hollow spaces will be formed
between the source and drain regions of the silicon active
layers and the aluminum source and drain electrodes, This
results disconnection of the source and drain regions and the
respective electrodes. These short-circuit and disconnection
will stop operations of the thin film transistors causing
reliability of the organic EI. display device to extremely
lower.

SUMMARY OF THE INVENTION

1t is thercfore an object of the preseat invention to provide
a thin film transistor used in an organic EL display device.
the orgatic EL display device and a method of manufactur-
ing the organic EL display device, whereby short-circuit and
disconnection in the organic EL display device due to
clusion of the barrier metal material of the thin fitm tran-
sistors can be prevented from occurring to keep high reli-
ability of the organic EL display device.

According to careful study by the inventors of this
application. it has come out that the aforcmentioned short-
circoit and disconnection are caused by movement of fon-
ized chrome to the organic EL clements. The jonization of
the chrome and the movement of the jonized chrome will be
occurred due to moisture provided from the organic EL layer
made of high hydroscopic material and due to relatively high
DC current (bias current) continuously fowing through the
current control thin film transistors connected to the EL
elements and through switching thin film transistors cop-
nected to and for driving the respective curent control
transistors. .
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Thus. according to the present invention, a thin film
trapsistor which is formed in an organic EL display device
having a substrate and a plurality of organic EL elements
formed on the substrate is provided. This transistor used to
drive one of the EL elements includes an active layer of
semiconductor material, formed on the substrate, a source
region and a drain region being formed in the active layer,
a source electrode of aluminum material electrically coupled
to the source region formed in the active layer, a drain
electrode of aluminum material electrically coupled to the
drain region formed in the active layer, an insulation layer
formed on the active layer. a gate electrode formed on the
insulation layer. a first barrier metal layer of titanium nitride
coataining equal to or less than 50 atm % of nitrogen or
made of titanium, inserted between the source electrode and
the source region of the active layer, and a second barrier
metal layer of titanium nitride containing equal to or less
than 50 atm % of nitrogen or made of titanium, inserted
between the drain electrode and the drain region of the active
layer.

According to the present invention, also, an organic ¥i,
display device having a substrate. a plurality of organic EL
clements formed on the subsirate and a plurality of thin film
transistors formed on the substrate is provided. The transis-
tors are connected to the respective EL elements for con-
trolling current applied to the respective elements, Each of
the transistors includes an active layer of semiconductor
material. formed on the substrate. a source region and a drain
repion being formed in the active layer, a souree electrode of
aluminum material electrically coupled to the source region
formed in the actve layer, a drain elecirode of alominum
raterial electrically coupled to the drain region formed in
the active layer. an insulation layer formed on the active
layer, a gate electrode formed on the insulation layer, a first
barrier metal layer of titanium nitride containing equal to or
less than 50 atm % of nitrogen or made of Htanium, inserted
between the source electrode and the source region of the
active layer. and a second bamier metal Jayer of titanium
nitride containing equal to or less than 50 atm % of nitrogen
or made of ttanium, inserted between the drain electrode
and the drain region of the active layer.

Since the barrder metal layers in the current control thin
film transistors aranged nearest to the respective organic EL
elements are made of titanium nitride containing equal to or
less than 50 atm % of nitrogen or made of titanium. no
elusion of the barrier metal layers occurs resulting no
short-circuit nor disconnection in the organic EL display
device .to keep high reliability of the organic EL display
device.

It is preferred that each of the organic EL clements
includes a transparent electrode layer formed on the
substrate. an organic EL layer formed on the transparent
electrode layer and an upper electrode layer formed on the
organic EL layer, the transparent electrode being electrically
coupled o a conductive lead of aluminum material, and that
each of the organic EL elements further includes a contact
metal layer of titanjum nitride contalning equal to or less
than S0 atm % of mitrogea or made of titaniuro. inserted
between the transparent clectrode layer and the conductive
lead. The above-rentioned conductive lead may be con-
nected to the drain electrode.

Since both the bamier metal layers in the current control
thin film transistors and the contact metal layer in the
organic EL elements are simultaneously manufactured in the
same process. manufacturing cost can be decreased. Of
course. the contact metal layers made of titanium nitride
containing equal to or less than 50 atm % of nitrogen or
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made of titanium will result tight and stable contact between
the respective conductive leads of aluminum and the respee-
tive transparent electrode layers.

According to the present invention, furthermore. an
organic EL display device of active matrix type having a
substrate. a plurality of organic EL elements formed on the
substrate and a plurality of first and sccond thin film tran-
sistors formed on the substrate is provided. The first tran-
sistors are connected to the respective EL elements for
controlling current applied to the respective clements, and
the second transistors are connected to the respective first
transistors for switching the respective first transistors, Each
of the first and second transistors includes an active layer of
semiconductor material, formed on the substrate, a source
region and a drain region being formed in the active layer,
a source electrode of aluminum material electricatly coupled
to the source region forrned in the active layer. a drain
electrade of aluminum material electrically coupled to the
drain region formed in the active layer. an insulation layer

- formed on the active layer. a gate elsctrode formed on the
insulation layer. a first barrier metal layer of titanium nitride
containing equal to or less than 50 atm % of nitrogen or
raade of titanium. inserted between the sowrce electrode and
the source region of the active layer. and 2 second barrier
metal layer of titanium nitride containing equal to or less
than 50 atm % of nitrogen or made of titanium, inserted
between the drain electrode and the drain region of the active
layer.

It is preferred that each of the organic EL clements
includes a transparent clectrode layer formed on the
substrate. an orgamic EL layer formed on the transparent
clectrode layer and an upper electrode layer formed on the
organic EL layer, the transparent electrode being electrically
coupled to a conductive lead of aluminum material, and that
each of the organic FL elements further includes a contact
metal layer of titanium nitride containing equal to or less
than 30 atm % of nitrogen or made of titanium, inserted
between the transparent electrode layer and the conductive
lead. The above-mentioned conductive lead may be con-
nected to the drain elecrode,

According to the present invention, also, a method for
manufacturing ao organic EL display device having a plu-
rality of organic EL elements and a plurality of thin film
transistors formed on a substrate is provided. Each of the
organic EL elements and the thin film transistors is manu-
factured by the steps of depositing an active layer of
semiconductor material on the substrate. forming a source
region and a drain region in the active layer forming a gate
insulation layer on the active layer. forming a gate efectrode
on the gate insulation layer. depositing an insulation inter-
layer on the active layer and the substrate, removing a part
of the insulation interlayer to form contact holes oa the
source and drain regions of the active layer and organic EL
clement forming region. forming a transpacent electrode
layer in the organic FL element forming region on the
substrate. simultancously forming first and second barrier
metal layers and a contact metal layer of titanfum nitride
containing equal to or less than 50 atm % of nitrogen or
made of titanium, the first and second barrier metal Jayers
being formed in the contact holes on the source and drain
regions of the active layer, the contact metal layer being
formed on the transparent electrode layer, forming source
and drain electrode and a conductive lead of aluminum
material on the first and second barrier metal layers and the
contact metal layer, respectively: forming an organic EL
layer on the transpareet clectrode layer. and forming an
upper clectrode layer on the BL layer. :
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Further objects and advantages of the present invention
will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE BRAWINGS

FIG. 1 shows a sectional view of a part of a preferred
embodiment of an organic EL display device according to
the present invention;

FIG. 2 shows a sectional view of a part of the embodiment
shown in FIG. 1;

FIGS. 3a to 3d show scctional views of a part of mann-
facturing steps of the EL display device according to the
embodiment showa in FIG. 1; and

FIG. 4 shows a circuit diagram of the EL display device
shown in FIG, 1.

DESCRIFTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows an organic clectroluminescence (EL) ele~
ment and a current contro] thin film transistor for controlling
current applied to the EL element in a preferred embodiment
of an organic EL display device according to the present
invention.

In FIG. 1. a reference numeral 101 denotes a transparent
substrate such as 2 quartz substrate. On the substrate 101,
many of the organic EL elements and their peripheral cireuit
elements such as curent control thin film transistors, switch-
ing thin film transistors for switching the respective current
control ransistors, another thin film transistors which con-
stitute peripheral driving circuits and capacitors are formed.

Each of the current control thin film transistors is sub-
stantially constituted by an active silicon layer 102 formed
on the substrate 101. a gate oxide layer of 5i0, 103 formed
on & céniral region of the active silicon layer 102, a gate
electrode of phosphorous doped polysilicon 104 laminated
on the gate oxide layer 103, a source electrode and conduc-
tive lead of aluminum material 113 and a drain electrode and
coaductive lead of aluminum material X14. The pate elec-
trode £04 can be made of aluminum material instead of the
phosphorous doped polysilicon. En the active silicon layer
102, a source region 105, a channel region 106 and a drain
region 107 are formed. To the source region 105 of the active
silicon layer 102. the source electrode and conductive lead
113 is electrically coupled via .a barrer metal layer of
titanium nltride which contains 10 atm % of nitrogen 110,
Also, to the drain region 107 of the active silicon layer 102,
the drain electrode and conductive lead 114 is electrically
coupled via a barrier metal layer of titanlum nitride which
contains 10 ame % of nitrogen 111. An insulation interlayer
of 8i0, 108 is formed between the active silicon iayer 102
and the conductive leads 113 and 114 and batween the gate
electrode 104 and the bamier metal layers 119 and i1i.

Bach of the organic EL elements is substantizlly consti-
tuted by a transparent electrode layer of ITO (Indium Tin
Oxide) 109 formed on the substrate 101. an organic EL layer
115 formed on the transparent elecirode layer 109, an upper
electrode layer of a magnesium film including silver mate-
rial 116 formed on the EL layer 115 and a common electrode
of aluminum material 118 formed on the upper electrode
layer 116. The transparent electrode layer 109 is elcctrically
coupled to the drain conductive lead 114 via a contact metal
layer of titanium nitride which -contains 10 atm % of
nitrogen 112, A protection layer of SI0, 117 is formed
between the common electrode 118 and the conductive leads
113 and 114,
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FIG. 2 shows the switching thin film transistor in the
prefared embodiment of the organic EL display device
according to the present invention.

Each of the switching thin film s is substantially
constituted by an active silicon layer 202 formed on the
substrate 101, a gate oxide layer of 5i0O, 203 formed on a
central region of the active silicon layer 202, a gate electrode

of phosphorous doped polysilicon 204 laminated on the gate |

oxide layer 203, a source electrode and conductive lead of
aluminum material 213 and a drain electrode and conductive
lead of aluminum material 214. The gate electrode 204 can
be made of aluminum material instead of the phosphorous
doped polysilicon. In the active silicon layer 202. a source
region 205, a channel region 206 and a drain region 207 are
formed. To the source region 205 of the active silicon layer
202, the source electrode and conductive lead 213 is elec-
trically coupled via a barrier metal layer of titanium nitride
which contains 10 atm % of nitrogen 2190. Also, to the drain
region 207 of the active silicon layer 202, the drain electrode
and conductive lead 214 is electrically coupled via a bacrier
metat layer of titanium nitride which contains 10 atm % of
nitrogen 211, An insnlation interlayer of 810, 208 is formed
between the active silicon layer 202 and the conductive
leads 213 and 214 and between the gate clectrode 204 and
the barrier metal layers 210 and 211

Referring to FIGS. 3« to 3d, manufacturing. processes of
the current control thin film transistor and the organic EL
element of this embodiment will be described in detail. It
should be noted that manufacturing processes of the switch-
ing thin film transistor and another thin film transistors
which constitute peripheral driving circuits of the EL cle-
ment will be the same as following processes of the current
control thin film transistor,

As shown in FIG. 3q, on a transparent substrate 101 such
as a quartz substrate, a glass substrate or a ceramic substrate.
an active silicon layer 102 with an island shape is formed by
depositing an amorphous silicon layer by a CVD (Chemical
Vapor Deposition) methed. annealing the deposited amor-
phous silicon layer to form a polysilicon layer (solid-phase
growth). and then performing patterning process of the
polysilicon layer.

Then. on the active silicon Iayer 102, a gate oxide Jayer of
§i0, 103 and a gate electrode of phosphorons doped poly-
silicon 104 are formed in lamination. The gate electrode 104
can be made of aluminum rnaterial instead of the phospho-
rous doped polysilicon. Thereafter. a source region 105, a
chapne] region 106 and a drain region 107 are formed in the
active silicon layer 102 by an ion doping methed. In this
embodiment, dopant s for example P and the gate elecirode
104 is used as a mask for the doping process. Then. to cover
all of these layers. an insulation interlayer of Si0, 108 is
deposited,

Then, contact holes are formed by etching the insulation
interlayer 108 at the source region 105 and at the drain
region 107. Also. by this etching process. the insulation
interlayer 108 in a region for forming the EL element is
removed.

Then, an transparent copductive film of ITQ, ZaO or SnQ
is sputtered to form an transparent eleciyode layer 109 in the
EL element forming region on the substrate 101. Without
removing the insulation interlayer 108 from the EL element
forming region, the transparent elecirode layer may be
formed on this insulation interlayer 108 not directly on the
substrate 101. Thereafter, a titanium nitride film consisting
nitrogen of 10 atm % with a thickness of 100 to 1000
Angstrom preferably 500 Angstrom js deposited on all of the
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these layers. Then, this deposited titanium nitride film is
etched to simultancously form a bamier metal layer of
titanium nitride 110 on the source region 105, a barrier retal
layer of titanium nitride 111 on the drain region 107 and &
contact metal layer of titanium nitride 112 on the transparent
electrode layer 109, respectively.

It will be apparent that barrier metal layers of titanium
nitride in the switching thin film transistor and in the another
thin film transistors which constitute peripheral driving
circuits of the EL el t can be simult: ly formed in
this process,

Then. as shown in FIG. 3z, an alumioum film with a
thickness of 6000 Angstrom is deposited by for example
sputtering to cover all of these layers and the deposited
atuminum film is etched so as to form a source electrode and
conductive lead 113 and a drain clectrode and conductive
lead 114. Thus, the source ciectrode and conductive lead of
aluminum 113 is electrically coupled to the source region
105 of the active silicon layer 102 via the barrier metal layer
of titanium nitride 110, and also, the drain electrode and
conductive lead of aluminum 114 is electrically coupled to
the drain region 107 of the active silicon layer 102 via the
barrier metal layer of titanium nitride 111 and to the trans-
parent clectrode layer 109 via the contact metal layer of
titanium nitride 112.

Thea, as shown in FIG. 3d, an organic EI Jayer 115 and
an upper electrode layer of & magnesium flm including
silver material 116 ars formed in the EL element forming
region on the transparent electrode layer 109 by vapor
deposition methods using a metal mask. Thereafter, on these
layers, a protection layer of Si0, 117 is. deposited and a
contact hole is etched on the upper electrode layer 116.
Finally. a common elecizode of aluminum. material 118 is
deposited on all of the matrix portion of the organic EL
display device, y

In the aforementioned erbodiment, it is described that the
barrier metal layers 110 and 111 and the contact metal layer
112 are made of titanium nitride containing 10 atm % of
nitrogen. Higher containing amount of nitrogen in the tita-
nium nitride material will increase degree of contact and
stability but decrease electrical conductivity, Thus, accord-
ing to the present invention. this containing amount of
nitrogen in the titaniven nitride material is selected to a value
equal to or less than 50 atm %, preferably 5 to 15 atm % for
obtaining both good stability and electrical conductivity,

According to the present invention. since the barzier metal
layers in the current control thin film transistors arranged
nearest to the respective organic EL elements are made of
titanium nitride containing equal to or less than 50 at % of
nitrogen. no elusion of the bamier metal layers occurs
resulting no short—circuit nor disconnection in the organic
EL display device to keep high reliability of the organie EL
display device, Furthermore. since both the barrier metal
layers in the curent contro! thin film transistors and the
contact metal layer in the organic I elements are simulta-
peously manufactured in the same process, manufacturing
cost can be decreased. Of course. the contact metal layers of
titanjum nitride containing cqual to or less than 50 atm % of
pitrogen will result tight and stable contact between the
respective conductive leads of aluminum and the respective
transparent electrode layers.

According to the present invention. also. the barrier metal
layers in the current control thin film transistors and the
contact metal layers in the respective organic EL elements
can be made of titanium, Thus, no clusion of the barrier
metal layers oceurs resulting a0 short-circuit nor disconnecs
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tion in the orgaric EL display device to keep high reliabilicy
of the organic EL, display device. Furthermore, if both the
barrier metal layers in the current control thin film transis-
tors and the contact metal Jayer in the organic EL elements
can be simultanecusly manufactured in the same process.
manufacturing cost can be decreased, Of course. the contact
metal layers of titanjum will also result tight and stable
contact between the respective conductive leads of alumi-
nurn and the respective transparent clectrode layers.

As shown in FIG. 4. the organic EL display device
according to the embodiment shown in FIG. 1 is constituted
by X-direction signal lines 401,. 401,. . . . . Y-direction
signal lines 402,,402,. . . . . power supply lincs (Vdd) 403,
403, . . . . switching thin film transistors 404,. 40d,, 404,,
404,. . . ., current control thin film transistors 405,. 405,.
405,.405,. ... . organic EL elements 406,. 406,. 406,. 406,

. . capaciiors 407, 407,,. 407,, 407, . . . . 2 X-direction
peripheral drive circuit 408 and a Y-direction peripheral
drive circuit 409.

Each of the pixels of the BI display device is specified by
one of the X-direction signal lines 401,. 401,. . . . and one
of the Y-direction signal lines 402, 402,. . . . . If a signal
corresponding to picture data is applied to the X-direction
signal line 401, and Y-dircction scanning signal is applied to
the Y-direction signal line 402,. the switching transistor
404, in the specified pixel turns on. Thus, the current control
transistor 405, controls current flowing from the power
supply line 403, into the organic EL clement 406, in
accordance with the picture data causing comresponding light
emission from this EL element 406,.

According to the present invention. at least the barrier
metal layers in the current control thin film transistors and
preterably the barrier metai layers in the switching thin fiim,
transistors are made of titanium pitride containing equal to

or less than 50 atm % of nitrogen or made of titanium., In 3

manufacturing the EL display device. it is desired that the
contact metal layers in the organic BL elements are simul-
tancously formed in the same process of the barrier metal
layers with the same materfal, namely titanium nitride
containing equal to or less than 50 atm % of nitrogen or
titanium. Furthermore, according to the present invention.
the barrier metal layers in the thin film transistors in the
peripheral drive circuits are preferably made of titanium
nitride containing equal to or less than 50 atm % of nitrogen
or made of titanivm,

Many widely different embodiments of the present inven-
tion may be constructed without departing from the spirit
and scope of the present invention. It should be understood
that the present invention is not limited to the specific
embodiments described in the specification, except as
defined in the appended claims.

What is claimed is:

1. A thin film transistor formed in an organic’elecxolu-
minescence display device having a subsirate and a plurality
of organic electrolurninescence elements formed on said
substrate, said transistor being used to drive one of said
electroluminescence ¢lements. said transistor comprising:

an active layer of semiconductor material, formed on said
substrate. a sonrce region and a drain region being
formed in said active layer;

a source clectrode of aluminum material electrically
coupled to said source region formed in said active
layer;

a drain electrode of aluminum material electrically
coupled to said drain region formed in said active layer;

an insulation layer formed on said active layer;
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a gate electrode formed on said insulation layer;

a first barrier metal layer of titanfum nitide containing
equal to or less than 50 atm % of nitrogen. inserted
between said source electrode and said source region of
said active layer; and

a second barrier metal layer of titanium nitride containing
equal to or less than 50 atm % of nitrogen. inserted
between said drain electrode and safd drzin region of
said active layer.

2. A thin film transistor formed in an crganic electrolu-
mincscence display device having a substrate and a plurality
of organic electoluminescence elements formed on said
substrate. said transistor being uscd to drive one of said
electroluminescence elemeats. said transistor comprising:

an active layer of semiconductor material. formed on said
substrate. a source region and a drain region being
formed in said active layer;

a source electrode of aluminum material electrically
coupled to said source region formed in said active
layer;

a drain electrode of aluminum material electrically
coupled to said drain region formed in said active layer;

an insulation layer formed on said active layer;

a gate electrode formed on said insulation layer;

a first barrier metal layer of titanium inserted between said
source electrode and said source region of sald active
layer: and

a second barrier metal layer of titanfumn, inserted between
said drain electrode and said drain reglon of said active
layer.

3. An organic electroluminescence display device having
a substrate, a plurality of organic electroluminescence ele-
ments formed on said substrate and a plurality of thin film
transistors formed on said substrate, said transistors being
connected to said respective electroluminescence elements
for controlling current applied to said respective elements,
each of said transistors comprising!

an active layer of semiconductor material, formed on said
substrate, a source region and a drain region being
formed in said active layer;

a source clectrode of aluminum material electrcally
coupled to said source region formed in said active
layer:

a drain electrode of aluminum material electrically
coupled to said drain region formed in said active layer;

an insulation layer formed on said active layer;

a gate electrode formed on said insulation layer;

a first barrier metal layer of titanium nitride containing
cqual 1o or less than 50 atm % of nitrogen, inserted
between said source electrode and said source region of
said active layer; and

a second barrier metal layer of titanium nitride containing
equal to or less than 50 atm % of nitrogen. inseried
between sald drain electrode and said drain region of
said active layer,

4. The device as claimed in claim 3, wherein each of said
organic electrolurainescence elements ineludes a transparent
electrode layer formed on said substrate, an organic elec-
troluminescence layer formed on said transparent electrode
layer and an upper electrode layer formed on said organic
electroluminescence layer, said transparent electrode being
electrically coupled to 2 conductive lead of aluminum
material. and wherein each of said organic electrolumines-
cence elements further includes a contact metal layer of
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titanium nitride containing equal to or less than 50 atm % of
nitrogen. inserted between said transparent electrode layer
and said conductive lead.

5. The device as claimed in claim 4, wherein said con-
ductive lead is connected to said drain electrode,

6. An organic cleciroluminescence display device having
a substrate, a plurality of organic electroluminescence ele-
ments formed on said substrate and a plurality of thin film
transistors formed on said substrate, said transistors being
connected to said respective electroluminescence elements
for controlling current applied to said respective elements,
each of said transistors comprising:

ap active layer of semiconductor material, formed on said
substrate. a source region and a drain region being
formed in said active Jayer;

a source electrode of aluminum material electrically
coupled to said source region formed in said active
layer;

a drain electrode of aluminum material electrically
coupled to said drain region formed in said active layer;

an insulation layer formed on said active layer;

a gate electrods formed on said insulation layer;

a first barrier retal layer of titanium inserted between said
source electrode and safd source region of said active
layer; and

a second barrier metal layer of ttapium inserted between

- said drain electrode and said drain region of said active
layer.

7. The device as claimed in claim 6. whercin cach of said
organic electroluminescence elements includes a ransparent
electrode layer formed on said substrate, an crganic elec-
trolurninescence layer formed on said transparent electrode
layer and an upper clectrode layer formed on said organic
electroluminescence layer, said transparent electrode being
electrically coupled to a conductive lead of aluminum
material, and wherein each of said organic electrolumines-
cence elements further includes a contact metal layer of
titanium inserted between said tansparent electrode layer
and said conductive lead.

8. The device as claimed in claim 7. wherein said con-
ductive lead is connected to said drain electzode,

9. An orgamc electrolurninescence display device of
active malnx type having a substrate, a plurality of organic
electrol | formed on said substrate and
a plurality of first and second thin film transistors formed on
said substrate, said first transistors being connected to said
respective electroluminesceace elements for controlling cur-
rent applied to said respective clements, said second tran-
sistors being connected to said respective first transistors for
switching said respective first transistors. each of said first
and second transistors comprising:

an active layer of semiconductor material. formed on said
substrate. a source region and a drain region being
formed in said active layer;

a source electrode of alwminum material electrically
coupled i said source region formed in said acHve
layer;

a drain electrode of aluminum materjal electrically
coupled to said drain region formed in said active layer;

an insulation layer formed on said active layer;

a gate clectrode formed on said insulation layer;
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35

S

5

55

10

a first barrier metal layer of titaniurn nitride containing
equal to or less thae 50 attn % of nitrogen. inserted
between said source electrode and said source region of
said active layer; and

a second barrier metal layer of titanium nitride containing
cqual to or less than 50 atm % of nitrogen, inserted
between said drain electrode and said drain region of
said active layer.

10. The device as claimed in claim 9, wherein each of said
organic electrol 1 includes a t:ausparcnt
electrode layer formed on said substrate. an organic elec-
troluminescence layer formed op said transparent electrode
layer and an upper ¢lectrode layer formed on said organic
electroluminescence layer, said transparent electrode being
electrically coupled to a conductive lead of aluminum
material. and wherein each of said organic electrolumiges-
cence elements further includes a contact metal layer of
titanium nitride containing equal to or less than 50 atm % of
nitcogen. inserted between said transparent electrode layer
and said conductive lead.

11. The device as claimed in claim 10, wherein said

ductive lead is connected to said drain electrode,

12, An orgenic electroluminescence display device of
active matrix type having a substrate. a plurality of organic
electroluminescence elements formed on said substrate and
a plurality of first and second thin film transistors formed on
said substrate, said first transistors being connected to said
respective electroluminescence elements for controlling cur-
rent applied to said respective clements, said second tran-
sistors bemg conaected to said respective first ransistors for
switching said respective first transistors, each of said first
and second transistors comprising:

an active layer of semiconductor materiaf: formed on said
substrate a source region and a dram region being
formed in said active layer; -

a source electrods of aluminum matérial electrically
coupled to said source regicn formed in said active
layer:

a drain electrode of aluminum material electrically
coupled to said drain region formed in said active layer;

an insulation layer formed on said active layer;

a pate electrode formed on said insulation layer;

a first barrier metal layer of titanium inserted between said
source electrode and said source region of said active
layer: and

a second barrier metal layer of titanium inserted between
said drain clectrode and said drain region of said active
layer.

13. The device as claimed in claim 12, wherein each of
said organic electroluminescence elements includes a trans-
parent ¢lectrode layer formed on said substrate. an organic
electroluminescence layer formed on said transparent elec-
trode layer and an upper electrode layer formed on said
organic electroluminescence layer, said transparent elec-
trode being electrically coupled to a conductive lead of
alumioum material, and wherein cach of said organic elee-
troluminescence elements further includes a contact metal
layer of titanium inserted between said transparent electrode
layer and said conductive lead.

14. The device as claimed in claim 13, wherein said
conductive lead is connected to said drain electrode,
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1

ORGANIC ELECTROLUMINESCENT DISPLAY
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic electrolu-
minescent (hereinafter referred to as EL) display appa-
ratus comprising organic EL clements which emit light
when applied with electric charges.-

2. Description of the Related Art

Typically, large display apparatuses comprising or-
ganic EL elements have a plurality of organic EL ele-
ments. Each EL element has an organic EL layer and a
pair of clectrodes for applying electric charges to this
organic EL layer. The quantity of EL elements is deter-
mined in-accordance with the number of pixels. The EiL
elements are formed on a single large substrate of an
element to constitute a large screen panel, or, alterna.
tively a small panels each having a predetermined num.
ber of organic EL elements formed thereon are stacked

-

electrically connected to one another and the associated
metal electrodes thereof are electrically connected to
one another, each of the transparent electrode and
metal electrode having an extending portion continu-
ously formed from the one major surface of the sub-
strate 1o a side surface thereof, whereby the associated
transparent clectrodes and metal electrodes of the ad-
joining organic EL element assemblies are electrically
connected together at the extending portions through a

12 first anisotropic conductive adhesive layer having a

conductivity only in a thickness direction.

In another embodiment, the organic EL display appa-
ratus further comprises a transparent substrate for sup-
porting the plurality of organic EL element assemblies
arranged-adjacent to one another, and the extending
portion of the transparent electrode extends to the other
major surface of the substrate, the transparent substrate
having a conductive portion formed thereon for electri-
cally connecting the extending portions of the associ-
ated transparent electrodes of the adjoining organic EL

together to form a large panel. .

The orgamc EL layer should be formed uniformly
over the entire panel surface. In the case where a plural-
ity of organic EL elements are formed on a single ]arge
substrate, therefare, it'is difficult to form the organic
EL layer uniformly over the entire. substrate surface,
Further, & non-uniformly formed organic EL layer
would result in uneven brightriess. on: the screen. In
addition to & non-uniformly formed organic EL layer,
brightness may occur when a hole carrying layer, an
electron carrying layer, or electrodes are formed un~
evenly.

. In the case where a plurality of small panels are
stacked together to form a large panel, the organic EL

layer of each panel can be formed uniformly so that.
uneven brightness can be suppressed when the large-
panel is formed. Since the individual electrodes of the ~
organic EL element are very thin, about 1000 ang--

stroms, however, the electrodes to be connected have

narrow connecting faces, This makes it difficult to con-

nect the associated electrodes. of the adjommg small
panels at their end portions.

Conventionally, only the electrodes are led out from
each panel to connect the electrodes to thereby facili-
tate the connection of the panels. This methed inevita-
bly increases the joint portions which do not emit light
making the joints prominently darker

SUMMARY OF THE INVENT]ON
It is therefore an ob_ject of the present invention to

provide an organic EL. display apparatus which does .

not have the above shortcoming and which suppresses
the prominence of joints at the panel-connected por-
tions created when a plurality of small panels are con-
nected to form a large panel. :

To achieve this object, accordmg to the present in-

vention, there is provided an organic EL display appa-
ratus which comprises a plurality of organic EL ele.
ment assemblies havmg l:ght-emzmng sections each
including an organic EL layer and a pair of a transpar-
ent electrode and a metal electrode facing each other
with the organic EL layer in between, and a substrate
for supporting at least one of the light-emitting sections
on one major surface, the plurality of organic EL cle-
ment assemblies being arranged adjacent to one another
in such a way that.the associated transparent electrodes
of the adjoining organic EL element assemblies are

2

by

w

w

F

blies and a second anisotfopic conductive
adhesive layer formed thereon for connecting the con-
ductive portion with the extending porticns of the asso-
ciated transparent electrodes,

The orgamn EL display apparatus acccrdmg to the
present.invention can allow the associated transpsrent
electrodes and metal electrodes of the adjoining organic
EL element assemblies to be surely and firmly con-
nected to one another.

. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating the structure of an,
organic EL display apparatus according to a first em-
bodiment of the present invention;

FIG. 2 is a cross section taken along the line 2—2 in
FIG. 1;

FIG. 3 is a cross section of a connecting portion of
adjoining orgamc EL element assemblies in FIG. 2;

FIG. 4 is a cross section taken along the line 4—4 in
FIG. 1; and

FIG. 5 is a cross section illustrating a cormectmg

. portion of adjoining organic EL element assemblies of

an organic EL display apparatus according to a second
embodiment of the present invention,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Orgamc EL display apparatuses embedying the pres-
ent invention will be described below referring to the
accompanying drnw:.ngs

First, an organic EL display apparatus according to a
first embodiment will be described refemng to FIGS. 1
through 4.

Referring to FIGS. 1 and.2, an organic EL display.
apparatus 1 has a large panel 3 of the desired screen size,
which is formed by arranging, for example, 16 small
panels 2 2s organic EL element assemblies in a 4 by 4

" matrix form and electrically connecting them together.

This large panel 3, with a drive device 4 attached to the
periphery thereol, is hused in a casing 6 and is disposed
on a trangparent substrate 22 of transparent glass. which
becomes-a display surface.

Each small panel 2 has organic EL elements formed
thereon for 20,000 pixels, for example. As shown in
FIGS. 3 and 4, each small panel 2 hes a plurality of
belt-shaped transparent electrodes 12 of ITO (indium
tin oxide) formed in paraile]l on one major surface 11a of
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a rectangular substrate 10, which is made of a transpar-
ent and insulating material, such as glass. The substrate
10 has a pair of facing major surfaces 11a and 115, and
four side surfaces 13a, 134, 135, and 134 which connect
those major surfaces 112 and 115, Of the four side sur- 5
faces, the side surfaces 132 and 132 face each other in
parallel, and the side surfaces 135 and 13b face each
other in parallel. Each transparent electrode 12 has an
catending portion 127 which continuously extends in
the lengthwise direction from the major surface 11a of 10
the substrate 10 to the side surface 13¢. An organic EL
layer 14 made of an organic material is formed on the
transparent electrodes 12 over the entire major surface
11z of the substrate 10.

As shown in FIGS. 3and 4, a plurality of belt-shaped 15
metal electrodes 15 are formed in parallel on this or-
ganic EL layer 14, each having a lengthwise direction
defined as & direction crossing the lengthwise direction
of the associated transparent electrode 12. Each metal
electrode 15 has an extending portion 152 which coatin- 20
nously extends in the lengthwise direction from the
major surface I1a of the substrate 10 to the side surface
135 : . .

in each small panel 2, therefore, the extending por-
tions 12a of the transparent clectrodes 12 are formed on 25
one side surface pair 13a of the substrate 10, and the
extending portions 15a of the metal electrodes 15 on the
other side surface pair 13b.

The organic EL layer 14 and the transparent elec-
trode 12 and metal electrode 15, which make a pair and 30
face each other with the organic EL layer 14 in be-
tween, constitute a light-emitting section as an organic
EL element, One pixel is formed with the light-cmitting
section in the vicinity of where each transparent elec-
trade 12 crosses the associated metal electrode 15 while 35
facing each other, taken as one unit,

On each metai electrode 15 may be formed 4 protec-
tive layer for protecting the metal clectrode 15 and
preventing the short-cireuiting of the adjoining metal
electrode 15, 40

The a plurality of small panels 2 are arranged in such
a way that the extending portions 12a of the transparent
clectrodes 12 of the adjoining small panels 2 face each
other at the opposite side surfaces 13z of the adjoining
small panels 2, and the extending pertions 15a of the 45
metal electrodes 15 face each other at the opposite side
surfaces 136 of the adjoining small panels 2, An aniso-
tropic conductive sheet 21 as a first anisotropic conduc-
tive adhesive layer, which has a conductivity only in
the thickness direction is sandwiched between the ex- 50
tending portions 124 and 15a to electrically and se-
curely connect the extending portions 120 and 15a
when heated or pressed, for example.

This anisotropic conductive sheet 21 is a film which
has, for example, conductive particles almost vniformly 55
dispersed in an adhesive and has, for example, a thin
insulating film coated on the individual conductive
particles 50 as to have a conductivity only in the direc-
tion of the film thickness while being insulative in the
direction perpendicular to the thickness direction. Re- 60
ferring to FIGS, 3-4, the anisotropic layer 21 has con-
ductivity in only the one direction, i.e,, a horizontal
direction. In other words, a current in the anisotropic
layer cannot pass in any direction except the horizontal
direction. Accordingly, the arisotropic layer in FIG. 3 65
prevents one extending portion 124 of the electrode 12
from connecting electrically to the adjoining extending
portion 12a (not shown) on the same lateral surface 132

4
as the former, Similarly, in FIG. 4, one extending por-
tion 15a of electrode 15 is electrically insulated from the
adjoining extending portion 15a (not shown) on the
same lateral surface 13b as the former.

In FIG. 3, however, the anisotropic layer 21 causes
one extending portion 12a of one lateral side 13a of the
left side to connect electrically to the extending portion
12a of the right side. In other words, the extending
portions 122 and 12z facing each other through the
anisotropic layer 21 are electrically connected together.
In FIG. 4, similarly, the extending portion 15g and 15a
facing each other through the anisotropic layer are
clectrically connected.

The large panel 3 is formed in the above manner, and
the drive device 4 for controlling the individual trans-
parent electrodes 12 and metal electrodes 15 in & matrix
form is electrically connected to this Jarge panel 3.

In the organic EL display apparatus 1 having the
above structure, the associated electrodes 12 of the
adjoining small panels 2 ar electrically connected to one
another via the extending portions 122 of those elec-
trodes 12 and the anisotropic conductive sheet 21, and
the associated alectrades 15 of the adjoining small pan-
els 2 are likewise electrically connected via their ex-
tending pottions 15¢ and the anisotropic conductive
sheet 21, This design ¢can provide wider planar space for
the connecting portion of the electrodes 12 or the clec-
trodes 15, It is therefore possible to reduce the position-
ing accuracy at the time of connecting the associated
electrodes 12 and 15 of the adjoining small panels 2 as
compared with the prior art, thus facilitating the con-
nection of the associated electrodes 12 or electrodes 15
to one another. In addition, the wider planar area of the
connecting portion of the electrodes 12 or 15 can pro-
vide sure electric connection between the electrodes 12
or 15 and can make the electric connection stronger
against the eatemnal fores.

Further, the extending portions 12a or 15z of the
electrodes 12 or 15 on the side surface 137 or 136 of the
adjoining small panels 2 can be connected together via
the thin anisotropic conductive sheet 21, The non-light
emitting area of the joint of the small panels 2 can there-
fore be made narrower than the one in the prior art,
suppressing the prominence of the joint of the small
panels 2. .

Furthermore, if, as shown in FIG. 4, the transparen
clectrode 12 at the edge portion of the substrate 10 is
formed wide enough to extend to the side surface 136 of
the substrate 10, and the extending portion 15a of the
metal electrode 15 is formed to extend over the area
where the organic EL layer 14 is formed on the trans-
parent electrode 12 on the side surface 135, the joint of
the small panels 2 where the associated metal electrodes
15 face each other can also emit light.

A second embodiment of the present invention will
now be described referring to FIG. 5.

In FIG. 5, the extending portions 12a of the transpar-
ent electrodes §2 of each small panel 2 are formed to
extend from one major surface 124 of the substrate 14 to
the other major surface 114 via the side surfece 132. The
same reference numerals as used for the components of
the first sembodiment will be given to corresponding or
identical components in the second embodiment to
avoid repeating their description,

The small panels 2 are arranged in & matrix form in
such a way that the associated transparent electrodes 12
of the adjoining small panels 2 face each other, the
associated metal electrodes 15 facing each other, and
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the other meajor surface 1%b of the substrate 10 is ar-

6

tend 10 the other major surface of the substrate, and a

ranged ta face the tr L 22 that b

the display surface of the casing 6.

On the transparent substrate 22 is formed a conduc-
tive portion 25 made of a transparent material, such as
ITO. This conductive portion 25 simyltaneously faces
the extending portions 12a of the transparent electrodes
12 which sre located on the other major surface 115 of
each substrate 10 and are electrically connected.

An anisotropic conductive sheet 27 similar to the one
used in the first embodiment is sandwiched as a second
anisotropic conductive adhesive layer between the sub-
strate 10 and the transparent substrate 22 to securely
and electrically connect the extending portions 122 of
the transparent electrodes 12 and the conductive por-
tion 25 when hezted or pressed.

The large panel 3 is formed in this mannper,

In this organic EL display apparatus 1, at the time the
associated electrodes 12 or 15 of the adjoining small
panels 2 are electrically connected to one another, the
extending portions 124 of the transparent electrodes 12
on the other major surface 116 of the substrates 10 of
the small panels 2 are electrically connected to the con-
ductive portion 25 of the transparent substrate 22 via
the anisotropic conductive sheet 27. This design can
provide wider planar space for the connecting portion
of the adjoining small panels 2. The adjoining small
panels 2 can thus be connected electrically by arranging
the small panels 2 at given positions on the transparent
substrate 22, connecting the associated transparent elec.
trodes 12 together via this transparent substrate 22, and
conriecting the associated metal electrodes 15 together
asshown in FIG. 4. It is therefore possible to reduce the
positioning accuracy at the time of connecting the asso-
ciated electrodes 12 and 15 of the adjoining small panels
2 as'compared with the prior art, thus facilitating the
connection of the associated electrades 12 or electrodes
15 to one another. In addition, the electrical connection
between the transparent electrodes 12 can be accom-
plished surely and firmly.

Because the anisotropic conductive sheets 21 and 27
show their conductivity only in the thickness direction,
they may be formed in a tape shape whose lengthwise
direction is the direction of the joint of the substrates 10,

Although the embodiments of the present invention
have been illustrated to have the organic EL layer and
electrodes in the foregoing description, they may have
a hole carrying layer or an electron carrying layer.

In short, accerding to the organic EL display appara-
tus embodying the present invention, the electrodes of
the light-emitting section each have an extending por-
tion continuously extending from one major surface of
the substrate to one side surface, so that the associated
electrodes of the adjoining organic EL element asszm-
blies are clectrically connected at the extending por-
tions via a first anisotropie conductive adhesive layer
that has a conductivity only in the thickness direction,
This design can provide wider planar space for the
connecting portion of the electrodes. It is therefore
possible to facilitate the electric connection batween the
associated electrodes of the adjeining organic EL ele-
ment assemblies.

Further, according to a modification of the organic
EL display apparatus of the present invention, a trans-
parent substrate for supporting a plurality of organic
EL element assemblies arranged adjacent to one an-
other is provided and the extending portions of the
transparent electrodes are formed to continuously ex-
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{uctive portion facing the extending portions of the
associated transparent electrodes of the adjoining or-
ganic EL clement assemblies and a second anisotropic
conductive adhesive layer for connecting this conduc-
tive portion and the extending portions are formed on
the transparent substrate. This design can facilitate the
electric o of the d electrodes of the
adjoining organic EL element assemblies. In addition,
since the side surfaces of the adjoining orgunic EL
element assemblies can be made to directly contact each
other, it is possible to prevent the joint portions of the
organic EL clement assemblies from becoming darker,
thus suppressing the prominence of the joint portions.

The above descriptions are intended by way of exam-

ple only and is not intended to limit the present inven-
tion in any way except as set forth in the fellowing
claims.

What is claimed is:

1. An organic electroluminescent display apparatus

comprising:

& plurality of organic electreluminescent
assemblies having light-cmitting sections each in-
cluding an organic elsctroluminescent layer, 8
transparent electrode and a metal electrode facing
each other with said organic electroluminescent
layer in between,

a substrate having a first major surface for supporting
at least one of the light-emitting sections, said plu-
rality of organic electreluminescent element assem-
blies being arranged adjacent to one another such
that each said transparent electrode of said adjoin-
ing organic electrolumi t el t asscmblies
is electrically connected to one another and each
said metal electrode of said adjoining organic elec-
troluminescent element assemblies is electrically
connected to one another;.

each said transparent electrode and said metal elec-

trode having at least one ektending portion contin-
uously formed from said first major surface of said
substrate to a side surface thereof: and, .
first anisotropic conductive adhesive layer electri-
cally connecting said transparent electrodes of said
adjoining organic electroluminescent element as-
semblies at the extending portions, said first aniso-
tropic conductive adhesive layer electrically con-
necting said metal electrodes of said adjoining or-
ganic electroluminescent element assemblies at the
extending portions, and said first anisotropic con-
ductive adhesive layer having conductivity only in
a direction substantially normal to the surface of
the extending portions.

2. The organic electroluminescent display apparatus

according to claim 1, further comprising:

a transparent substrate for supporting said plurality of
organic electroluminescent elemant assemblies ar-
ranged adjacent to each other, wherein said ex-
tending portion of said transparent electrode ex-
tends to 2 second major surface of said substrate;

a conductive portion formed on said transparent sub-
strate for electrically connecting said extending
portions of each of said transparent electrodes of
said adjoining organic electroluminescent element
assemblies; and

a second anisotropic conductive adhesive layer
formed on said conductive portion for connecting
the conductive portion and said extending portions
of said transparent electrodes,

a
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3. An organic electroluminescent display apparatus

comprising:

a plurality of organic electroluminescent clement
assemblies having light-emitting sections each in-
cluding an organic electroluminescent layer, a8
transparent electrode and a metal electrode facing
each other with said organic electroluminescent
layer in between;

2 substrate having a first major surface for supporting
at least one of the light-emitting sections, said plu-
rality of organic electroluminescent element assem-
bliés being arranged adjacent to one another such
that each said transparent electrode of said adjoin-
ing organic electroluminescent element assemblies
is electrically connected to one another and each
said metal electrode of said adjoining crganic elec-
troluminescent element assemblies is electrically
connected to one another;

v
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each said transparent electrode and said metal elec-
trode having at least one extending portion contin-
uously formed from said first major surface of said
substrate to a side surface thereof;

a transparent substrate for supporting said ploratity of
organic electroluminescent clement assemblics ar-
ranged adjacent to each other, wherein said ex-
tending portion of said transparent electrode ex-
tends to a second major surface of said substrate;

a conductive portion formed on said transparent sub-
strate for clectrically comnecting said extending
portions of each of said transparent electrodes of
said adjoining organic electroluminescent element
assemblies; and

an anisotropic conductive adhesive layer formed on
said conductive portion for connecting the conduc-
tive portion and said extending portions of said

transparent electrodes.
- L » *
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. Right () Bottom (@) , - Eng]igh alph?h:: notused. 37 CFR 1.84(p)(3) Fig.(s),
Y i e gt 3_wed ™ Nonibers:letters and-seference thardctérs must be at least 3

6. VIEWS.CFR 184
REMINDER: Spemﬁcatmn Tmay require revisio 32 cm (1.!8 1m:h) in hu:ghL 37CFR 1. B4(p)(3) Fig. (s)______

UL ST S

T L

. cbrespond to drawing cf'nangas A Y
D i ieles edimscted b byp pr_] it Tines orlcad [m:s
Figls) L mgden ) s
Partial visws. 37 CFR 1.84(h)(2) 14.NUMBERING OF SHEETS OF DRAWINGS, 37 CFR 1 4B(r)
Brackets needed to show figure as one entity, Sheets not numbered ively, and in Ababic numerals
Fig(s) beginning with number 1. Fig.(s)
Views not labeled separately or properly. 15.NUMBERING OF VIEWS, 37 CFR 1.84(u)
Figdsl Views not numbered ively, and in Abrabic numerals,
Entarged view not labeled separately or properly. beginning with number 1. Fig(s} )
Fig.(s) 16 CORRECTIONS. 37 CFR 1.84(w}
Corrections not made from PT0-948 dated
17. DESIGN DRAWINGS. 37 CFR 1.152
Surface shading shown not agpropriate, Fig.(s)
Solid black shading net used for color contrast.
Fig.(s)
COMMENTS .

REVIEWER QL i U DATE _Memmoms NO. m
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Drawing changes may also require changes in the specification, ,@,.g“,, i
Fig. Lis changed to Fig. 1A,Fig. IB, Fig. IC, etc., the specification,atthe | .. .
Brief Description-of the Drawings; must likewise be changed. Please make T e e G
such chqngcs by-37 CFB 1, 312 Amendment at the ume of submntmg\ ) _ L

INFORMATION ON HOW TO EFFECT DR.AWING CHANGES‘ R

R R

1 Correctmn of" Informalrtles-37 CFR 1.85 N
Frle new drawmgs with the changes mcorporated therein. The applmauon number or the mle of-the mvennon,
inventor's namie, ‘docket number (if any), and the name and telephong nuinber of a person o qall if the Office is
unable t¢ match the drawings to the proper application, should be placed on the back ot‘ each sheet of drawmgs in

accordance with 37 CFR 1 .84(c). ‘Applicant may delay filing of the new drawmgs until recerpt of the Notice of
Allowability (PTOL-37). Extensions-of time may be obtained under the provrsmns of 37 CFR 17136 The, drawmg
should be filed as a separate papcr wrth a transmittal letter addressed to the Drawmg Revaew Branch !

PR .

2. Timing ot‘Correctlons o ) ‘ T ,

Appl:cant is requxrcd to submlt acceptable correctcd drawmgs within the three-month shortened statutaty period set
in the Netice of Allowability (PTOL-37). If & correction is determined to be unacceptable by thé Office, applicant
must arrange to have acceptable correction resabmitted within the original thre nionth period to avéid the necessity
of obtaining as extension of time and paymg the extenston fee. Therefore apphcant should file comected drawings

as 500n as. possrb]e

s

Farlure to take corrective action wrthm set (or extended) period will result in ABANDONNENT of theApphcatlon

3 Correctmns other than Informalltles Noted by the Drawing Review Branch on the Form PTO 948
..... RN B

All changes o lhe drawmgs other than mformahtles noted by the Drawing Review Branch MUST be approved by -

the examiner before the application will be:allowed, No changes will be permitted to be made, other than correction )

of informalities, unless the examiner has approved the proposed changes.
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Attorney Docke

IN THE UNITED STATES PATENT
AND TRADEMARK OFFICE

Abplidant(s):
Serial No.
Filed :
For

Art Unit

Examiner

Hiroyasu YAMADA et al
08/976,217

November 21, 1997
DISPLAY APPARATUS
2778

V. Kovalick

AMENDMENT

Assigtant Commissioner of Patents
Washington, D.C. 20231

8 IR

G
0
= a9
- Y

N
CERTIFICATE OF MAILING “7 o «ﬂ%‘

1 hereby certify that thisZ: T OO
correspondence 15 being ¢ pe2]
deposited with the United -
States Postal Service as First
Class mail in an enveiope -,
addressed to: Assistant CommisSioner
for Patents, Washingtonm,. D.C. 20231,
on the date noted below

Attoiney: Rﬁg[ﬂ’ﬁl Mgcg;!.

Dated: _November 30, 1999

In the event that this Paper
is Jate filed, and the
necessary petition for :
extension of time is not filed
concurrently herewith, please
consider this as a Petition
for the requisite extension of
time, and to the extent not
tendered by check attached
hereto. authorization to
charge the extension fee,

or any cther fee required

in cennection with this
Paper, to Account No. 06-1378.

This is responsive to the Office Action mailed August 31,

1999, the term for response to which expires on November 30, 19909.

Please amend the application as follows.

IN THE SPECIFICATICN:

Page 7,

Page B,

Page 22,

line 1, change “A-A“ to --2-2--,
line 3, change “B-B” to --18-}g;_
line 4, change “C-C" to --19-1f--;
line 17, change “K-K" to --222--,
line 18, change “B-B” to hhlg;;éé_;
line 19, change “C-C* to --19-19--.

~

."‘
r
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s IN THE CLATMS: / / )

/
( / J Pl%gse‘fancel claim 2 without prejudice, amend claims 1, 4,

N5/8, 10, 15 and 16, and add new claims 18-19 as follows:

1. (Amended) A display apparatus comprising:
a substrate;
active elements [which are] formed over said substrate and
\\ " [which are] driven by an externally supplied signal;
QXTS an insulation film formed over said substrate so as to cover

said active elements, [and] said insulation having at least one

centact hole;
at least one first electrode formed on said [at least one]
insulation film so as to cover gaid active elements, and
10 connected to said active elements through said at least one
contact hole, said at least one first electreode being made of a
material which shields visible light; |
an grganic electroluminescent layer having an-organic
electroluminescent material formed on said at least.one first
15 electrode go as to cover gaid active elements and including at
least one layer which emits-light in'acdofdénce with a voltage
applied to gaid at least one 1ayer; and |

at least one second electrode formed on said organic

electroluminescent layer which covers said active elements.
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Claim 4, line 2, between "said" pnd "electroluminescent
layer" insert --drganic--.
Claim 5, line 5, between "gaid" anpd "electrocluminescent
layer" insert —-oéZanic--.
Claim 8, line 7, between "said" and “qZéctroluminescent
layer" insert --organic--.
Claim 10, line 4, between "said" and "electroluminescent
layer" insert --organic--.
Claim 15, line 1, bétween "gaid" and_"electroluminescent
layer" insert --organic--.
line 2, between "said" :Zf/ﬂelectroluminescent .3

layer" insert --orgdanic--,

e

5

}é. (Amended) A display apparatus comprising:
a substrate;

selection transistors formed over sald substrate and

Cﬂ7 arranged in a matrix pattern;

5

drive transistors formed over said substrate and arranged in

a matrix pattern, each of said drive transistors being connected

to one of said selection transistors;

address lines connected to said selection transistors and

through which a signal for turning on said selection transistors

10 is supplied;

data lines connected to said selection transistors, a signal

which corresponds to image data being supplied to said drive

-3-
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transistors through said data lines and said selection
transistors while said selection transistors [is] are on;

15 an insulation £ilm formed over said substfate so as to cover
said drive transistors, said address lines and said data lines,
said insulation film having contact holes formed in
correspondence with said drive transistors;

first electrodes made of almaterial which shields visible

20 light, and formed on said insulation film so as to cover said
[election] selection transistors and said drive transistors, said
first electrodes being arranged in a matrix pattern in areas

‘ﬁjgk!surrounded by said address lines and said data lines, and being

Cﬁ1 connected to said drive transistors through said contact holes;

25 an grganic electroluminescent layer formed on said first

electrodes which covers said selection transistors and said drive

transistors and including at least one layer which emits light in
accordance with an applied voltage;

a second electrode formed on said organic electroluminescent

30 layer which covers said selection transistors_and said drive
transistors;
a first driver circuit for selectively supplying said
address signal to said address lines in sequence; and
a second driver circuit for supplying said image data to

said data lines.

IPR2020-01059
Apple EX1002 Page 297



Pleage add the following new claims: -

—7;g1 The display apparatus according to claim 1, wherein
sald display apparatus further comprises at least one filter,
formed above said at least one second electrode, which
selectively permits light rays in a firsflwaveleﬁgth range to
pass therethrough when incident light rays in a second wavelength
range including said first wavelength range enter said at léast
one filter.

/7
The display apparatus according to claim'}é, wherein
gaid at least one filter has a red filter which permits light in
a red wavelength range to pass therethrough, a2 green filter which
pexrmits light in a green wavelength range to pass therethrough,
and a blue filter which permits light in a blue wavelength range

to pass therethrough.-- ' o

o
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REMARKS

Reconsideration of this application, as amended, is
respectfully requested.

The August 31, 1899 Office Action and the Examiner’s
comments have been carefully considered. In response, the
specification and drawings are amended, claims are cancelled,
amended and added, and rémarks'are set forth below in a éincere
effort to place the present application in form for allowance.
The amendments are supported by the application as originally

filed. Therefore, no new matter is added.

Drawings

Attached to the August 3i, 1999 Office Action is a Notice of
Draftspersons Patent Drawing Review (Form PT0-948) wherein the
Official Draftsperson objects to Figes. 1 .and 17 as including
sectional designations which are not Arabic or Roman numbers. In
response, Figs. 1 and 17 are amended such that the sectional
designations . include Arabic numbers. ' Submitted concomitantly
herewith is a Letter to.the Official Draftsperson‘requesting

approval of the proposed drawing changes to Figs. 1 and 17.
Specification

The specification is amended to coincide with the amendments

to Figs. 1 and 17 of the drawings. No new matter is added.

Y
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The Present Claimed Invention

The present claimed invention as defined by claim 1 is
directed to a display apparatus which includes at least one first
electrode, an organic electroluminescent layer and at least one
second electrode placed just above active elements. The active
elements are being driven by an externally supplied signal. This
configuration enables entrance of electrons and holes into the
organic electroluminescent layer from the at least one first
electrode and the at least one second electrode. Thusg, the
organic electroluminescent layer emits light ewven if it is
placed just above the active elements. Since the organic
electroluminescent layer is flexibly arrangeable regardless of
the positional relationship with the active elements, the present
claimed invention can enlarge a luminescent area of the
electroluminescent layer. This is different than the
conventional devices whose electroluminescent layer just above
active elements does not emit light.

If the active elements comprise thin film transistors each
having an amorphous silicon layer, such active elements may make
errors when visible light enters. In the present claimed
invention, however, the at least one first electrode prevents the
visible light emitted by the electroluminescent layer from
entering the active elements because the at least one first

electrode includes a material that shields the visible light.

S
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Generally, the heat resistance of the oxganic
electroluminescent material of the organic electroluminescent
layer is poor. This characteristic may cause crystallization or
the like when a temperature exceeds a glass transition
temperature. Therefore, light emission capability of the organic
electroluminescent layer may deteriorate easily. On the contrary,
a substrate for the thin film transistors isg heated up to several
hundred degrees Celsius in a reactive chamber during the
manufacturing process of the active elements (for example, thin
film transistors). According to the present invention, the active
elements are formed on the substrate, and the organic
electroluminescent layer is formed on the active elements.
Therefore, the organic electroluminescent layer is not exposed to
high temperature heat during the manufacturing of the active
elements. Accordingly, the present invention prevents the organic
electroluminescent material from being deteriorated.

According to the present iﬁvention as defined by claim 16,
since a set of first electrodes, an organic electroluminescent
layer and a second electrode for one pixel cover a selection
transistor and a drive transistor, light emission is realized at
most of an area surrounded by address lines and data lines. This
configuration provides a brighter display. Moreover, errors by
the selection transistors and drive transistors are prevented
from being made because ;he first electrodes are made of a

material which shields wisible light. Since the selection

2
‘l
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transistors and drive transistors are formed on the substrate and
the organic electroluminescent layer is placed above them, the
organic electroluminescent layer is prevented from being exposed
to high temperature heat during the manufacturing process for the
transistors. Thus, it prevents deteriocration of the organic

electroluminescent material.

Rejection under 35 U.5.C. 102 (e}

In the Office Action claimsg 1, 2 and 6 are rejected under 35
USC 102 (e) as being anticipated by USP 5,684,365 (Tang et al).
In response, claim 1 is amended and claim 2 is cancelled.

Claim 1 is patentable over Tang et al because Tang et al do

not disclose, teach or suggest, inter alia:

1. at least one first electrode formed on said insulation
film so as to cover said active elements, and connected
to saia active elements through said at least one
contact hole, said at l@qﬁt first electrode being made

of a material which shields visible light (claim 1,

lines 7-11);

2. an crganic electroluminescent 1ayer having an organig
electroluminescent material formed on said at least one
first electrode so as to cover said active elements and

including at least one layer which emits light in

.
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accordance with a voltage applied to said at least one

layer (claim 1, lineg 12-16); and/or

3. at least one second electrode formed on said organic
.electroluminescent layer which covers said active

elements (claim 1, lines 18-~19).

FIG. 2 of Tang et al. teaches that the EL PAD does not cover
TFT1 and TFT2. In the organic EL elements disclosed in Tang et
al., only areas where an anode layer, an EL layer and a cathode
layer are overlaid with each other emit light because of the
light emission mechanism (see column 7, line 56 to column 8§,
line 4 of Tang et al). Each pixel's luminescent area depends on a
transparent electrode material (ITO) 72 because an organic
electroluminescé?t layer 82 and an EL cathode 84 are formed over
a plurality‘of pixels as shown in FIG. 3. Since a transparent
electrode material 72 does not cover the TFT1 and TFT2, the pixel
resolution is defined by the feature size of the TFT (see
column 5, lines 19 to 23 of Tang et al). Such restriction
reduces the ratio of the luminescent area in each pixel.

In view of the foregoing amendments and remarks, claim 1 is
patentable over Tang et al under 35 USC 102 as well as 35 USC
103. Claim 6 is patentable over Tang et al for the reasons set

forth above, inter alia, in comnection with claim 1.

=10~
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Rejecticon under 35 U.S8.¢C., 103 (a)

In the Office Action claims 5, 7-9 and 17 are rejected as
being obvious and unpatentable over Tang et al in view of USP
5,302,966 (Stewart). Claim 3 is rejected as being obvious and
unpatentable over Tang in view of USP 5,427,858 (Nakamura et al).
Claim 4 is rejected because the Examiner contends that

*at least one first electrode having a rough

surface which is in contact with the

electroluminescent layer is a design

manufacturing choice”.
Claims 10 and 12-14 are rejected as being obvious and
unpatentable over Tang in view of USP 5,909,081 (Eida et al).
Claim 16 is rejected as being obvious and unpatentable over Tang
et al taken with Stewart, and further in view of USP 5,847,516
(Kishita et al).

Stewart discloseg formation of a transparent electrode 304,
a first insulating layer 306, an EL phosphor layer 308, a second
insulating layer 310, a back electrode 312 and an insolation
layer 314 in order on a transparent substrate 302 (see column 8,
1ines 9 to 14 and Fig. 6). According to this structure, the first
insulating layer 306 is placed between the EL phosphor layer 308
and the electrode 304, and the second insulating layer 310 is
placed between the EL phosphor layer 308 and the electrode 312.
The first.and second insulating layers prevent entrance of holes.
This mechanism is embodied in inorganic EL elements made of an

inorganic material (see column 7, lines 42 to 46).

-11-
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In contrast, organig EL elements emit light when electrons
and holes enter the organié electroluminescent layer. Moreover, a
manufacturing process for the active elements includez a heating
process (see column 5, lines 57 to 67). Since Stewart utilizes
inorganic EL elements, the disclosed formation order of the
layers ontc the substrate 302 occurs regardless of the specific
formation order for preventing thermal deterioration caused
during the manufacturing process for the organic EL elements.

Accordingly, Stewart does not disclose, teach cor suggest the
organic electroluminescent laier featured in the present
invention and the specifig léyer formation order for preventing
the organic electroluminéscent layer from being deteriorated by
heat.

Similarly,'neither Nakamura et al. (USP 5,427,858) nor Eida
et al. (USP 5,909,081) disclose the speéific layer formation
order for preventing thermal déterioration, and the arrangement
of the first‘eleétrode, the organic electroluminescet layer and
the second electrcde which are placed above the active elements
so as to cover the active elements in order to realize a larger
1uminescent‘area. '

Kishita et al. (USP 5,847,516) disclose inorganic EL
elements (see column 4, line 66 to column. 5, line 8). Therefore,
Kishita et al do not disclose the specific layer formation oxder
and the characteristic arrangement featured in the organic EL

elements.

-12-
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In view of the foregoing, claimg 3-5, 7-10, 12-14, 16 and 17
are patentable over the references cited'bywthe‘Examiner taken
either alone under 35 USC 102 or in any logical combination under

35 USC 103,

ALLOWABLE SUBJECT MATTER

The Examiner’s indication that claims 11 and 15.wou1d be
allowable if rewritten in independent form to include all of the
limitations of the base claim and any intervening claims is
acknowledged and appreciated. Applicants have not placed
claims 11 and 15 in independegg form at this time because of
applicants’ belief that c¢laim I, upon which claims 11 and 15

depend, is patentable. ‘ £

FORM PTQ-892

Attached to the August 31, 1999 Office Action is a Form
- PTO-892 completed by the Examiner. The Form PTO-892 appears to
improperly identify one of the cited references. Specifically,
the patent identified as USP 6,640,067 (Ya@aguchi et al) should
have been identified as USP 5,640,067. It is respectfully
requested that the Examiner send a new Form PTO-832 to applicants
with the next Patent Office communication to indicate that the
patent number of Yamaguchi has been corrected in the Patent

Office records.

-13-
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If the Examiner disagrees with any of the foregoing, the
Examiner is respectfully requested to point out where in the
references there is support for a contrary view.

Entry of the amendment, allowance of the claims, and the
passing of the application to issue are regpectfully solicited.

If the Examiner has any comments, questions, objections or
recommendations, the Examiner is invited to telephone the
undersigned at the telephone number given below for prompt
action. '

Respectfully submitted,

RoggiiagiiMichal

Reg. No. 35,614

Frishauf, Holtz, Goodman, Langer & Chick, P.C.
767 Third Avenue - 25th Floor

New York, New York 10017-2023

Tel. No. (212) 319-4900

Fax Nos. (212) 319-5101

RPM:Jjh:ajj

Enc, - LETTER TO THE OFFICIAL DRAFTSFPERSON

~14-
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Attorney Docket No., 270715/LH
' PA‘I‘E‘W'& CERTIFICATE OF MATLING
IN THE UNITED STATES PATENT - 1 hereby certify this ",ﬂ

AND TRADEMARK OFFICE cur'resgondence is bei <A\
- = deposited with the United N NEAYS)
States Postal Servicegds Fnrgg ) 6\

Applicant(s): Hirovasu YAMADA et al Class mail in an envelope
PP ) 7 addressed to: AssistantECorymiss'iQner 2.

N

. 30r Patente. Washington, B C. 50981 on” FHA dat
Serial No. : 08/976,217 Tt pe gy, o naten. .. 251 o gesgete
‘ Y 0%,
Filed :  Neovember 21, 1997 5 i

arngy: . ()0
For : DISPLAY APPARATUS , Dated: Movember 30. 1999 -
. t t that this P
Art Unit . 2778 S A A

necessary petition for ¥

. . extension of time is not_filed

Examinex : V. Kovalick concurrentiy herewith, please
consider this as a Petition

for the requisite extension of

LETTER TO THE OFFICIAL DRAFTSPERSON time, and to the extent not
ﬁendgred B{hghgckta.ttagged

ASSISTANT COMMISSIONER FOR PATENTS Chargs the extension fee,

Washington, D.C. 20231 or any other fee reguired

EQPS?'.'"%’EtREQo'JEE“Ng'.” 86- 1378,

S IR

Attached heretc are Figs. 1 and 17 which have been marked in
red to show the amendments being proposed thereto. The
amendménts are necessary to cbviate the Cfficial Draftsperson’s
objection set forth in Form PTO-948 attached toc the August 31,
1999 0Office Action wherein the sectional designations were not in
Arabic or Roman numerals. , -

Upon approval of the drawing amendments and upon allowance
of at least one claim, new formal drawings for Figs. 1 and 17
will be provided.

Regpectfully submitted,

0 oD L

ROCBERT P. MICHA N
REG. NO. 35,614

FRISHAUF, HOLTZ, GOCDMAN, LANGER & CHICK, P.C.
767 THIRD AVENUE - 25TH FLOOR

NEW YORK, NEW YORK 10017-2023

Tel. No. (212) 31%-4900

Fax No. Group 3: (212} 319-5101

RPM:ajj .

Enc.- Figs. 1 and 17 marked in red
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UNITED STATES DEPARTMENT OF COMMERCE

A g Patent and Trademark Office
; & Address:  GOMMISSIONER OF PATENTS AND TRADEMARKS
Stares of . Washington, D.C. 20231
| “APPLICATIONNO.. | FILINGDATE | . FIRSTNAMED INVENTOR' | ATTORNEY DOCKETNO. |
d2/FT7E, 217 11/21/97 YAMADA _ _ H TR 715 /LH v
LMEL /D114 ] EXAMINER |
FRISGHAUF HOLTZ GOOBMAN LANGER % CHICK ROVALICK .V
767 THIRDr AVENUE 25TH FLOOR | . . )
NEW YORK MY 10@17 _ ‘ _ [ - artunm .. | PaPER NUMBER |
27

q

- DATEMAILED: ©1/14/7@@

- Please find below and/or attached an Office communication concerning this application or
proceeding. SN

Commissioner of Patents and Trademarks -

FTC-90C (Rav. 2/95) 1- Flle'Gopy
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M Application No. Applicant{s)
. . 08/976,217 Hiroyasy Yamada
Notlce OfAﬂowab’hty Examiner Group Art Unit
Vincent E. Kovalick 2778

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance and Issue Fee Due or other appropriate communication will be mailed
in due course.

& This communication is responsive to _applicant's ameandment dated 11/30/99
K] The allowed claim(s) isfare _1 and 3-19

[J The drawings filed on are acceptable.

& Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
Rl All [JSome* [Tlone of the CERTIFIED copies of the priority documents have been
K received, ‘
[1 received in Application No. (Series Code/Serial Number) .
[ received in this national stage application from the International Bureau (PCT Rule 17.2(a)).

*Certified copies not received:
[ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHEROM THE "DATE MAILED" of this Office action. Failure to timely comply will resultin
ABANDONMENT of this application, Extensions of time may be obtained under the provisions of 37 CFR 1.138(a).

[ Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTC-152, which discloses that
the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATICN IS REQUIRED.

i Applicant MUST submit NEW FORMAL DRAWINGS
[0 because the originally filed drawings were declared by applicant to be informal.

K including changes required by the Notice of Draftsperson's Patent Drawing Review, PTO-948, attached herefo or to
Paper No. 4&7

K] including changes required by the proposed drawing correction filed en Nov 30, 1999 , which has been
approved by the examiner.

O including changes required by the attached Examiner's Amendment/Comment.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the reverse side of
the drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official
Draftsperson.

O Note the atiached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL,

Any response to this fetter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBER). if applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should also be included.
Attachment{s)

X) Notice of References Cited, PTO-892

3 Information Disclosure Statement(s), PTO-1449, Paper No{s).

Notice of Draftsperson's Patent Drawing Review, PTO-948

[ Notice of Informal Patent Application, PTO-152

[ Interview Summary, PTO-413

[J Examinet's Amendment/Comment

[0 Examiner's Comment Regarding Requirement for Deposit of Biological Material

(X] Examiner's Statement of Reasons for Allowance

U, Patent and Trademark Office _
PTO-37 (Rev. 8-95) Notice of Atlowability Part of Paper No. ___7
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Application/Control Number: 08/976,217 ‘ Page 2
Art Unit: 2778
DETAILED ACTION
Response to Amendment

1. This Office Action is in response to Applicant’s Amendment dated November 30, 1999 in
response to PTO Office Action dated August 31, 1999. The amendments to the specification;

the cancellation of claim 2, the amendments to claims 1, 4, 5, 8, 10, 15 and 16; the addition of
claims 18 and 19, and the consideration of Applicant’s remarks are sufficient to overcome the
rejections of the claims as set forth in said PTO Office Action, |

2. The submitted proposed amendments to Figs. 1 and 17 have been réviewed and noted by
the Official Drafisperson, Form PTO 948 is submitted herewith.

3. A substitute Form PTO-892 is herewith submitted changing the Patent No. that was

identified as 6,640,067 to Patent No. 5,640,067 (Yamauchi et al.).

Allowable Subject Matter
4. Claims 1-19 are allowed.
5. l The following is an examiner's statement of reasons for allowance:
Relative to claim 1, the prior art of record does not teach a display apparatus comprising:
a substrate; active elements formed over said substrate and driven by an externally supplied
signal; an insulation film formed over said substrate so as to cover said active elements-, said

insulation having at least one contact hole; at least one first electrode formed on said insulation
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film so as to cover said active elements, and connected to said active elements through said at
least one contact hole, said at least one first electrode being made of a material which shields
visible light; an organic electrolumineécent layer having an organic electroluminescent material
formed on said at [east one first electrode so as to cover said active elementé and including at least
one layer which emits light in accordance with a voltage applied to said at least one layer; and at
least one second electrode formed on said organic electroluminescent layer which covers said
active elements.

Regarding claim 16, the prior art of record does not teach a display apparatus comprising: a
substrate; selection transistors formed over said substrate and arranged in a matrix pattern;

drive transistors formed over said substrate and arranged in a matrix pattern, each of said drive
transistors being connected to one of said selection transistors; adﬁress lines connected to said
selection transistors and through which a signal for turning on said selection transistors is
supplied; data lines connected to said selection transistors, a signal which corresponds to image
data being supplied to said drive transistors through said data lines and said selection transistors
while said selection fransistors are on; an insulation film formed over said substrate so asto
cover said drive transistors, said address lines and said data lines, said insulation film having
contact holes formed in correspondence with said drive transistor.s; first electrodes made of
material which shields visibl-e light, and formed on said insulation film so as to cover said selection
transistors and said drive transistors, said first electrodes being arranged in a matrix pattern in

areas surrounded by said address lines and said data lines, and being connected to said drive
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transistors through said contact holes; an organic electroluminescent layer formed on said first
electrodes which covers said selection transistors and said drive transistors and including at least
one layer which emits light in accordance with an applied voltage; a second electrode formed on
said organic electroluminescent layer which covers said selection transistors and said drive
transistors.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for

Allowance."

Conclusion
6. The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure.

U. S. Patent No, 5,828,181 Okuda
U. S. Patent No. 5,640,067 Yamauchi et al.

U. S. Patent No. 5,302,468 Nimiki et al.
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Responses
7. Responses to this action should be mailed to: Commissioner of Patents and

Trademarks Washington, D.C. 20231. I applicant desires to fax a response, (703) 308-9051 may
be used for formal communications or (703) 308-6606 for informal or draft communications.
NOTE: a Request for Continuation (Rule 609 or 62) cannot be faxed.

Please label “PROPOSED” or “DRAFT” for informal facsimile communications. For after
final responses, please label “AFTER FINAL” or “EXPEDITED PROCEDURE” on the
document.

Hand-delivered responses should be brought to Crystal Part II, 2121 Crystal Drive,
Arlington, VA., Sixth Floor (Receptionist)

Ingquires

8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Vincent E. Kovalick whose telephone number is (703) 306-3020.
The examiner can normally be reached on Monday-Thursday from 9:00 a.m. to 4:00 p.m.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Bipin Shalwala, can be reached on (703) 305-4938.

9. Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the Group receptionist whose telephone number is
(703) 305-3900,

Vincent E. Kovalick
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IE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
IOSECUTION ON THE MERITS IS CLOSED.

IE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
’PLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

DW TO RESPOND TO THIS NOTICE:
Jeview the SMALL ENTITY status shown above.

f the SMALL ENTITY is shown as YES, verify your
surrent SMALL ENTITY status:

\

If the SMALL ENTITY is shown as NO:

\. If the status is changed, pay twice the amount of the
FEE DUE shown above and notify the Patent and
Trademark Office of the change in status, or

3, if the status is the same, pay the FEE DUE shown
above.

A, Pay FEE DUE shown above, or

B. File verified statement of Small Entity Status before, or with,
payment of 1/2 the FEE DUE shown above.

Part B-Issue Fee Transmittal should be compleied and returned to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even if the ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section “4b" of Part-
B-Issue Fee Transmittal should be completed and an extra copy of the form should be submitted. -

All communications regarding this application must give application number and batch number.

Please direct all communications prior to igsuance to Box ISSUE FEE unless advised to the contrary.

IPORTANT REMINDER: Utilily patents issuing on appiications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. if is patentee’s responsibility to ensure timely payment of maintenance
fees when due.

" PATENT AND TRADEMARK DFFICE COPY

IL-BS (REV. 10-96) Approved for use through 06/30/89. {0651 0033)
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Attorney Docket No. 970713/

USSN: 08/976,217
Allowed: Jan. 14, 2000
" .Batch: @G89

IN THE UNITED STATES PATENT
AND TRADEMARK OFFICE

Applicant (s) : H. YAMADA et al ' CERTIFICATE OF MAILING
S “. I hereby certify that this
Serial No. : 08/976,217 . correspondence is being
" deposited with the United
States Postal Service as First

Filed : Nov. 21, 1997 Class mail in an envelope
addressed to: Assistant
For . DISPLAY APPARATUS Commissioner for Patents,

Washington. D.C. 20231 on the'
date noted below. '

Art Unit : 2778

Examiner : V. Kovalick ‘ Attorney: Leonard Ho
Dated: February 22,7000

In the event that this Paper
is late filed, and the

LETTER TO THE OFFICIAL DRAFTSPERSON necessary petition for
SUBMISSION OF CORRECTED FORMAL DRAWINGS extension of time is not_filed
- concurrently herewith, please
%, considar this as a Petition
* }E‘qr the Eeguis;"te extension of
Asgt. Commissioner for Patents Ime. and to the extent not
: tendered by check attached
Washington, D.C. 20231 hereto, authorization to

charge the extension fee,
or any other fee required
in connection with this
S IR: ATTN: ISSUE BRAWNCH Paper, to Account No. 06-1378.

Submitted herewith are corrected sheets of formal drawings
for Figs. 1 and 17, which include the proposed drawing correction
filed on November 30, 1999, which has been approved by the
Examiner. The amended sheets of formal drawings overcome the :
cbjections set forth in the PTO-948 attached tc Papers Nos. 4 and ;
7. .

It is respectfully requested that the corrected sheets of
formal drawings for Figs. 1 and 17 be approved and entered in
full compliance with all outstanding Patent Office drawing
requirements.

Respectfully submityed,

Reg, No. 22,974

February 22, 2000

Frishauf, Holtz, Geodman, Langer & Chick, P.C.
767 Third Avenue - 25th Floor

New York, New York 10017-2023

Tel. No. (212) 319-4900

Fax No. (212) 319-5101
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} attorneys or agents CR, alteratlvely, (2) r
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3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 4a. The following fees are enclosed (make check payable 1o Commlsslnner
PLEASE NOTE: Unless an assignee Is dentified below, no asslgnes data will appear on the patent. " of Patents and Trademarks):
Inclusion of assignae data Is only approplate when an assignment has been previously submlitted to Issuo Fea
the PTO oris being submitted under separale cover. Completion of this form Is NOT a suhsltltue for
filing &n assignment. O Advance Order - # of Copiss
{A}NAME OF ASSIGNEE CASTO COMPUTER CO. , LTD,
4b. The following fees or deficiency in these fees should be charged to: ¢

(B) RESIDENCE: (CITY & STATE ORGOUNTRY)  Tokyo, JAPAN DEPOSIT ACCOUNT NUMBER— 0.6 4 9.0

{ENCLOSE AN EXTRA COPY OF THIS FORM)
FPlease check the appropriate assignee category indicated belaw {will not be prinded on the patent) \B{Iss e Fea

O individual | comporation or other private group enmy {J govemment

[ Advance Order - # of Coples
The COMMISSIONER OF PATENTS AND TRADEMAFIKS)S‘requested 10 apply the Issue Fee to the application identified above.
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NOTE; The Issue Fea will not be accemed.ﬁﬁ; anyone other than the applicant; a registerad attomey
or agent; or the assignee or other party in interest as shown by the records of the Patentand
Trademnark Office.

Burden Hour Statement: This form is estimated to take 0.2 hours to complete, T:me will vary
depending on the needs of the individual case. Any comments on the amount of time required
to complete this form should be sent to the Chief information Officer, Patent and Trademark
Cffice, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, Assistant Commissioner for
Patents, Washington D.C, 20231

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.
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USPAT NO: 5,923,308 [IMAGE AVATLABLE] L5:120f 13
TITLE: Array of leds with active pull down shadow canceling circuitry

ABSTRACT: ‘ , .

An array of OEDs is arranged in rows and columns with a plurality of row "
buses and a plurality of colurmn buses. Each of the OEDs has a first terminal
coupled toan associated row bus and a second terminal coupled to an
associated column bus. A switching circuit is connected to a shadow canceling
row bus of the plurality of row buses. The switching circuit is constructed

to receive a shadow canceling signal on a terminal thereof and to connect the
shadow canceling row bus to a pull down potential in response to the shadow
canceling signal, whereby all of the OEDs in the array, other than those

*! associated with the shadow canceling row bus, are coupled to the pull down

| potential and discharged.

USPATNO: 5,319,491 [IMAGE AVAILABLE] L5:13 of 13
TITLE: Optical display :

ABSTRACT:

An optical display in which at least one pixel is selectively-controlled to
shutter light out of a light guidance substrate by violating the ght
guidance conditions of the medium, and in which a full color palette is
provided by multiplexing the three additive primaries in relation to the
inherent limitations of the human eye.
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1
DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display apparatus, and
more particularly to an electroluminescent (hereinafter
referred to as EL) display apparatus with a matrix display
panel including EL elements.

2. Description of the Related Art

An EL display apparatus with organic EL elements, that
is, display elements which emit Light spontaneously and
which are arranged in a matrix pattern, is known conven-
tonally. A passive matrix type EL display apparatus is
available as such an EL display apparatus. In this type of EL.
display apparatus, paralle] cathode lines serve as common
lines, while parallel anode lines which are perpendicular to
the cathode lines and which are made of ITO (indium tin
oxide) serve as data lines. An organic EL layer is arranged
between the set of the cathode lines and the set of the anode
lines. A positive voltage is applied to the data lines in each
of cathode selection periods, thereby driving organic EL
elements located at the intersections of the common lines
and the data lines. The display apparatus displays an image
which corresponds to the voltage applied to the data lines. In
the case of the passive matrix type EL display apparamus
which displays an image by driving such organic EL
elements, the larger the number of common lines and/or the
number of data lines, the shorter the selection period (duty
H) per pixel. The period of time over which the erganic EL
layer keeps emitting light even after the application of a
voltage between the set of the cathode lines and the set of the
anode lines is short. In consideration of this, according to the
conventional passive matrix type EL display apparatus, the
instantanecus luminance of the organic EL layer of each
pixel during the selection periods is intensified so that the
organic EI layer apparently emits light over 1 frame period.
The: organic EL layer can emit light at a high instantaneous
Iuminance by applying a high voltage to the organic EL
layer. In this case, however, the organic EL layer can easily
deteriorate. .

In the passive matrix type EL display apparatus, the larger
the number of common lines and data lines, ‘the more
possibility of the occurrence of crosstalk, This makes it
difficult to enable the passive matrix type EL display appa-
ratus to display a highly precise image. )

Proposed as a display apparatus free from the above-
described problems is an active matrix type display appa-
rams which includes, as shown in FIG, 22, pairs of thin film
transistors which confer a voltage storing capability on the

pixels. Each of the pairs of thin film transistors consists of -

a selection transistor T1 and a drive transistor T2. The
selection transistor T1 is connected to a data line DL for
supplying a data signal and 2 gate line GL for supplying a
gate signal. The gate electrode of the drive trangistor T2 is
cornnected to the selection transistor T1. The source of the
drive wansistor T2 is connected to a constant voltage line
VL. In this display apparatus, as shown in FIG. 23, the thin
film transistors T1 and T2 are formed in a pixel area on a
glass substrate 101, and the gates of the thin film transistors
are ‘covered with a gate insulation film 102, In an area
- adjacent to the thin film transistors T1 and T2, a fransparent
anode electrode 103 is provided on the gate insulation film
102. The transparent anode electrode 103 is connected to the
drain of the drive transistor T2. A passivation film 104
covers the thin film transistors T1 and T2. A contact hole
extending up to the transparent anode electrode 103 is

65

2

formed in that part of the passivaton film 104 which is
located on the transparent anode electrode 103. An organic
EL layer 106, which absorbs the energy generated due to the
recombination of electrons and holes when a current flows,
is deposited in the contact hole 105 extending up to the
transparent anode electrode 103. A cathode electrode 107,
which reflects visible light and which extends over a plu-
rality of pixels, is laminated on the passivation film 104 and
the organic EL layer 106. In this EL display apparatus, the
efficiency of the injection of carriers into the organic EL
iayer 106 depends on the ionization potential of the anode
electrode 103 and the electron affinity (the work function) of
the cathode electrode 107. In order to improve the light
emitting efficiency of theé orgamic EL layer 106 which
depends on the carrier injection efficiency, the cathode
electrode 107 is formed using a material whose work
function is low. Since the cathode electrode 107 is normally
formed of a metal such as magnesium whose work function
is low, the cathode electrode 107 reflects light having a
wavelength in a range of wavelength of light which the
organic EL Jayer 106 emits, Due to this, in the above EL
display apparatus, the light emitted by the organic EL layer
106 travels through the anode electrode 103 and the sub-
strate '101. The organic EL layer 106 is arranged so as not to
overlap the thin film transistors T1 and T2. The purpose of
thus atranging the otganic EL layer 106 is to prevent the
iight emitted by the organic EL layer 106 from entering the
thin film transistors T1 and T2, If the emitted light entered
the thin film transistors T1 and T2, unnecessary photoelec-
tromotive force would be generated in the channel regions of
the thin film transistors T1 and T2, which entails the
possibility of the thin film transistors T1 and T2 malfunc-
tioning. o

In the active matrix type EL display apparatus described
above, the light emitting area of each pixel in which a part
of the organic EL layer 106 is located is limited to an area
in which the thin film transistors T1 and T2 are not located,
and therefore the ratio of the light emitting atea to the pixel
area is small. If the light emitting area is enlarged and if 2
voltage applied to the organic EL layer 106 is intensified to
attain the desired luminance, the organic EL layer 106 will
be considerably deteriorated. The cathode electrode 107 is
made of a metal, while the organic EL layer 106 is made of
an organic material. Hence, it is difficult to join the cathode
electrode 107 and the organic EL layer 106 together in 2
preferred condition, As time passes, a gap can easily ocour
between the cathode elecrode 207 and the organic EL layer
106, which entails the possibility that the organic EL layer
106 may become emit no light. The organic EL layer can
emit light at the same Iuminance as that of an inorganic EL
layer even when the organic EL layer is formed as thin as 40
nm to 250 nmm, The thicker the organic EL layer 106, the
higher an effective voltage/corrent for causing the organic
EL layer to ernit light at the desired luminance. This limits
the range of value at which the thickness of the organic EL
Jayer can be set Meanwhile, the thickness of the passivation
film 104, which covers the thin film transistors T1 and T2,
is set at such a value as to prevent the occurrence of a
parasitic capacitance in the thin film twansistors T1 and T2.
Qwing to a difference in thickness between the passivation
film 104 and the crganic EL layer 106, a step is present on
the upper surfaces of the passivation filtn 104 and organic
EL layer 106. There is the possibility that the cathode
elecrode 107 may bireak at that step. If the cathode electrode
107 breaks, the display apparatus cannot perform a display
operation.

SUMMARY OF THE INVENTION

It is accordingly one object of the present invention to
provide a display apparatus which has a light emitting area
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enlarged so as to emit light at a satisfactorily high lumines-
cence even though a veltage applied to an EL layer is low,
and which has a long luminance life.

It is another object of the present invention to provide a
display apparatus which prevents light from entering active
elements such as transistors, o thereby avoid the malfunc-
tion of the active elements,

In order to achieve the ahove objects, a display apparatus
according to one aspect of the present invention comprises:

a substrate;

active elements which are formed over the substrate and

which are driven by an externally sunpplied cignal;

an insulation film formed over the substrate so as (o cover

the active elements and having at Jeast one contact
hole; '

at Jeast one first electrode formed on the at least one

insulation film so as to cover the active elements, and
connected to the active elements through the at Jeast

one contact hole, the at least one first electrode being 1

made of a material which shields visible Hght:
an electroluniinescent layer formed on the at least one first
electrode and including at least one layer which emits
light in accordance with a voltage applied to the at least
one laver; and
at least one second elecwrode formed on the electrolumi-
nescent layer.
1a this display apparatus, the bt least one first electrods is
formed so as to cover the active elements. and the electrolu-

minescent layer and the at least one second electrode are

v A=+ Bume alaatemels
A1 OTie iFAT SiIlSligoe,

Lnminwed sequentiolly s e a e
Under those conditions, the area occupied by an electrolu-
mincscent element, which is formed of the at least one first
electrode. the electroluminescent layer and the at least one

second electrode, is not limited by the active elements, and 35

a light emitting area con be enlarged accordingly. This
enables the electroltimiinescent layer (o emit light at the same
luminescence as that of a conventional display apparatus,
even though a voltage applied o the electroluminescent
layer is low. In this case, the load on the elecuoluminescent
layer is small. which ensures a long life to the display
apparatus. Since the at least one first ¢lectrode is made of a
material which shields visible light, the light emitted by the
eleciroluminescent layer does not enter the active elements.
and therefore the active elenients do not malfunction due to
the light.

In order to achieve the above-deseribed objects, a display
apparatus according to the second aspect of the present
invention comprises:

a substrate;

selection transistors formed over the substrate and

arranged in 2 mawix pattern;

drive transistors formed over the substrate and arranged in

a matrix pattern,” each of the drive transistors being
connected to one of the selection transistors:

address lines connected to the selection transistors and

through which a signal for turning on the selection
transistors is supplied;
data lines connected to the selection transistors, & signal
which corresponds to image data being supplied to the
drive transistors through the data lines and the selection
trnsistors while the selection transistors is o

an insulation film formed over the substrate so as to cover
the drive transistors. the address lines and the data
Tines, the insulation film having contact holes formed in
comespondence with the drive transistors:
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first electrodes made of n materal which shields visible
light, and formed on the insulation film so as to cover
the election ransistors and the drive transistors. the first
electrodes being arranged in 2 matrix pattern in areas
sturounded by the address lines and the data lines, and
being connected to the drive transistors trough the
coniact holes;

an electroluminescent layer formed on the first electrodes

and including at least one layer which emits light in

accordance with an applied voltage:

second electrode formed on the electroluniinescent

laver. a first driver circuit for selectively supplying the

address signal to the address lines in sequence; and

a second driver circuit for supplying the image data o the

data lines.

In this display apparatus, the first elecrodes are arranged
in the areas swrrounded by the address lines and the data
lines. Under this condition, electroluminescent elements,
each being formed of one of the first electrodes and the
electroluminescent layer and the second electrede. do not
overlap the address lines or the data lines, Consequently, no
parasitic capacitance occurs between the address/data lines
and the elecwodes of the electroluminescent elements, thus
preventing signal ransmission from being slowed down.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an display apparatus according Lo
one embodiment of the pregent inveption;

FIG. 2 is a cross section taken along the line Z—2 show
in FIG, 1:

FIG. 3 is an equivalent circuit diagram showing an EL
display circuit corresponding to one pixel:

FIG. 4 is an equivalent cireuit diagram which specifically
shows the structure of the EL display circuit;

FIG. § is a graph showing the electric characteristic of a
drive transistor Q2

FIG. 6 is a graph showing the luminance of an organic EL
element:

FIG. 7 is a diagram illustrating diiver circvits used in the
display apparatus depicied in FIG. 1;

FIG. 8 is a diagram showing waveforms for driving the
display apparatus;

FIG. 9 is a sectional view of a display apparatus which
includes cathode electrodes. an organic EL layer. and a
dielectric film between the organic EL layer and the cathode
electrodes:

FIG. 10 is a sectional view of a display apparatus having
R. G and B wavelength range conversion layers;

FIG. 11 is a sectional view of a display apparaius having
R and G wavelength range conversion layers;

FIG. 12 is a sectional view of a display apparatus having
R, G and B wavelength range conversion layers and color
filter layers:

FIG. 13 is a sectional view of a display apparatus having
color filter layers;

FIG. 14 is a sectional view of a display apparatus having
R and G wavelength range conversion layers and color filter
layers;

FIG. 15 is a sectionai view of a display apparatus having
concave R, G and B wavelength range conversion layers and
color filters:

FIG. 16 is a dingram showing driver circuits used in a
display apparatus which includes drive transistors Q2 and
anode electrodes connected to the drive transistors Q2:
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FIG. 17 is a plan view of a display apparatus according
another embodiment of the present invention;

FIG. 18 is a cross section taken along the line 1818
shown in FIG. 17;

FIG. 19 is a cross section taken along the line 19—19
shown in FIG. 17;

FIG. 20 is a diagram showing driver circuits used in the
display apparatus illustrated in FIG. 17;

FIG. 21 is 2 sectional view of a display apparatus includ-
ing a cathode electrode having a rough surface;

FIG. 22 is a plan view of a display apparatus according to
the related art; and

FiG. 23 is a sectional view of the display apparams
illustrated in FIG. 21,

DETAILED DESCRIPTICN OF THE
PREFERRED EMBODIMENT

Display apparatuses according to embodiments of the
present invention will now be described in detail, with
reference to the accompanying drawings,

The structure of the display apparatus according to one
embodiment of the present invention will now be described
with reference to FIGS. 1 and 2. FIG. 1 is a plan view of that
part of the display apparatus of this embodiment which
cotresponds to one pixel. FIG. 2 is a cross section taken
along the line 2—2 shown in FIG. 1. In those drawings, a
reference numeral 1 denotes the display apparats, That part
of the display apparatus 1 which is illustrated in FIGS. 1 and
2 includes a substrate 2, an n-channel transistor Q1, an
n-channel transistor 2, an organic EL element 3, etc. which
are formed over the substrate 2. The substrate 2 is made of
glass or synthetic resin, and make visible light pass throngh.
The n-channel ransistor Q1 serves as a selection transistor,
while the n-channel transistor Q2 serves as a drive transistor.

The structure of the display apparams 1 will be more
specifically described. Parallel address lines 4 extending in
a predetermined direction are formed at equal intervals on
the substrate 2 by patterning a gate metal film which is made
of alurinum (Al) or the like. The selection transistor Q1 has
a gate electrode 4A formed in integration with one address
line 4. The drive transistor Q2 has a gate electrode 4B.
Anodic oxidation filins 5 are formed on the gate electrodes
4A and 4B and the address lines 4. A gate insulation film 6
which is made of silicon nitride is formed so as to cover the
address lines 4, the gate electredes 4A and 4B and the
substrate 2. Semiconductor layers 7A and 7B, which are
made of amorphous silicon (a-Si} or polycrystalline silicon
(p-5i), are patterned on the gate insulation film 6 covering
the gate electrodes 44 and 4B. Blocking layers 8A and 8B
are formed on the middle portions of the semiconductor
layers 7A and 7B, respectively, and extend im a channel
widthwise direction. Ohmig layers 9A and 9B are formed on
the semiconductor layer 7A, and are isolated from each other
at the blocking layer 8A. The ohmic layer 9A is located on
that side (the drain side) of the semiconductor layer 7A
which is dose to a drain, while the ohmic layer 9B is located
on that side (the source side) of the semiconductor layer 7A
which is close to a source. Ohmic layers 9C and 9D are
formed on the semiconductor layer 7B, and are isolated from
each other at the blocking layer 8B. The ohmic layer 9C is

6

located on the drain side of the semiconductor layer 7B,
while the chmic layer 91 is located on the source side of the
semiconductor layer 7B. In the selection transistor Q1, a
data line 10A is laminated on and connected to the ohmic
layer 9A located on the drain side, and a source electrode
10B is laminated on and connected to the ohmic layer 9B
located on the source side. The source electrode 10B is
connected to a contact hole 11 formed in the gate insulation
film 6 of the drive transistor Q2. In the drive transistor Q2,
a constant voltage line 12 which is set at a ground potential
is laminated on and connected to the chmic layer 9C located
on the drain side, and a source elecirode 13 having two ends
is laminated on the ohmic layer 9D located on the source
side. One end of the source electrode 13 is connected to the
ohmic layer 9D, while the cther end of the source electrode
13 is connected to one of cathode electrodes 15 of organic

* EL elements 3. The gate electrode 4B, the constant voltage

25

line 12 and the gate insulation film 6 therebetween form a
capacitor Cp.

The structures of the organic EL elements 3 will now be
described. In the entire display area of the display apparatus,
a flat interlayer insulation film 14 is deposited to a thickness
of about 400 nm to 1200 nm on selection transistors Q1,
drive transistors Q2 and the gate insulation film 6. Contact
holes 14A are formed in those parts of the interlayer insu-
lation film 14 which are located at end portions of the source
electrodes 13 of the drive transistors Q2. Each of the contact
hales 14A and a corresponding one of the aforementioned
end portions of the source electrodes 13 are located almost
in the center of one pixel area, The cathode electrodes 15
which are made of Mgln or the like are patterned on the
interlayer insulation film I4. Each cathode electrede 15 has
an area and a shape (almost square in this embodiment)
which are enough to cover the most part of one pixel area
surrounded by the adjacent data lines 104 and the adjacent
address lines 4. The selection transistors Q1 and the drive
transistors Q2 are formed under the cathode electrodes 15,

In the entire display area, an organic EL layer 16 is formed
on the cathode electredes 15-and the interlayer insulation
film 14, and a transparent anode electrode 17 which is made
of ITO (indivm tin oxide} or IZnO (indium zinc oxide) is
formed on the organic EL layer 16. A driving power source
(not shown) is connected to the anode electrode 17. )

The organic EL layer 16 includes an electron carrying
layer, a luntinous layer and a hole carrying layer. Of those
layers included in the organic EL layer 16, the electron
carrying layer is closest to the cathode electrodes 15, and the
hole cartying layer is farthest from the cathode electrodes
15. The electron carrying layer is made of aluminum-tris
(8-hydroxyquinolinate) (hereinafter referred to as Alg3),
The luminous layer is made of 96 wt % 4.4-bis(2,2-
diphenylvinylene)biphenyl (hereinafter referred to as
DPVBi) and 4 wt % 4,4"-bis((2-carbazole)vinylene)biphenyl
(hereinafter referred to as BCzVBi). The hole carrying layer
is made of N,N'-di(c-naphthyl)-N,N'-diphenyl-1,1'-
biphenyl-4,4'-diamine (hereinafter referred to as &-NPD),
The thickness of the organic EL layer 16 is on the order of
40 nm to 250 nm,

The constimtional formulas of Alg3, DPVBi, BCzVBi
and o-NPD are shown below:
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[Formula 1]

[Formula 2}

[Forinuta 3|

The organic EL layer-16 thus formed emits blue light upon
the application of a predetermined voltage,

When the organic EL layer 16 berween the anode elec-
trode I7 and the cathode electrodes 15 includes a luminous
fayer which can cany electrons and which is made of
berylliumbis( 10-hydroxybenzo[h] quinolinate) (hereinafter
referred to as Bebg2). and a hole carrying layer made of
0-NPD, the organic EL layer £6 can emit green light.

The constitutional formula of Bebq?2 is shown bhelow:

[Formula 5|

In the display apparatus 1 of this embodiment. each
cathode electrode 15 covers one pixel wrea surrownded by

=
by

=

58

[&i¢]

o

Ci,CH-

[Formuta 4]

the adjacent data lires 10A and the adjacent address lines 4,
and therefore each EL element 3 emits light over the entirety
of one pixel area. This remarkably improves the aperture
ratio per pixel in the display apparatus 1 of this embodiment
over that of the conventional active matrix type EL display
apparatus. The cathede electrodes 15 are formed of Mgin
which refiects light. Therefore, the light emitted by the
organic EL layer 16 when a voltage is applied between the
anode electrode 17 and the cathode electrodes 15 comes out
through the anode electrode 17 without leaking downward
{toward the substrate 2). Thus, the light does not enter the
selection transistors Q1 and the drive transistors Q2. and
hence the malfunction of the transistors Q1 and Q2 due to
the photoelectromotive force is avoided. The light emined
by the organic EL layer 16 goes out of the display apparatus
through the ransparent anode electrode 17, without the light
being absorbed by the substrate 2. ete., and therefore bright
display is realized. \

The area of the interface hetween the organic EL layer 16
and the cathode electrodes 15 is large, This permits the
cathede electrodes 15 and the organic EL layer 16 to be
joined together in a preferred condition, and ensures to the
display apparatus 1 of this embodiment o luminous life
improved over that of the conventional active matrix type
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EL display apparatus. The cathode electrodes 15 are formed
on a flat Jayer having no steps, and therefore are free from
the possibility of the cathode electrodes 15 breaking at steps.
The cathode electrodes 15 are arranged so as not to overlap
the address lines 4 or the data lines 10A. Consequently, the
slowing down of signal transmission, caused by a parasitic
capacitance which would oceur if the cathode electrodes 15
were arranged 50 as to overlap the address lines 4 or the data
lings 10A, is prevented,

When a layer like the organic EL layer 16 is subjected to
a temperamre higher than a glass-transition temperature for
an organic EL material, its light emitting characteristic
deteriorates considerably, In consideration of this, according
to the display apparatus of this embodiment, the organic EL
layer 16 is formed after the selection transistors Q1 and the
drive transistors Q2 are manufactured by a heat treatment
under a temperature of several-hundred degrees. The organic
EL layer 16 is not subjected to a temperature higher than the
glass-transition temperature, and therefore the deterioration
of the light emitting characteristic does not occur.

The organic EL layer 16 is thinner than an inorganic EL
layer. Moreover, the thickness to which the organic EL ldyer
is formed through vapor deposition using the organic EL
material can be very easily controlled during the process of
forming the organic EL layer. When the organic EL layer 16
is formed to the thickness corresponding to the wavelength
at the Juminance peak of the light emitted by the organic EL
layer 16 (in other words, the wavelength of the most intense
component of the light emitted by the organic EL layer 16),
the resonance effect which permits light to easily come out
from the organic EL layer 16 car be achieved. For example,
in the case of an organic EL element which emits blue light,
the resonance effect ¢can be attained when it is formed to the
thickness of 40 nm to 50 nm. In the case of an organic EL
element which emits green light, the resonance effect can be
attained when it is formed to the thickness of 50 nm to 60
am, -
The driving principle of the display apparatus according
to this embodiment wiil now be described. FIGS. 3 and 4 are
equivalent circuit diagrams showing that part of the display
apparatus 1 which corresponds to cne pixel. As shown in

s
t

FIG. 3, a display circuit in that part of the display apparatus

1 which corresponds to one pixel includes an organic EL
element 3 and a voltage controller Cv. As shown in FIG. 4,
the voltage controller Cv has.a selection transistor Ql, a
drive transistor Q2 and a capacitor Cp. The driving power
source Ps for supplying a constant voltage Vdd is connected
to the anode electrode 17 of the organic EL element 3. The
voltage controlier Cv is connected to the cathode electrode
of the arganic EL element 3. The drain electrode of the drive
transistor Q2 in the voltage controller Cv is grounded via the
constant voltage line 12,

The voltage controller Cv can control a voltage so that the
luminance of the organic EL element 3 varies in accordance
with gradation data cormresponding to image data which is
input at the time of selection. An address line 4 is connected
to the gate electrode 4A of the selection transistor Q1, and
a data line 10A is connected to the drain electrode of the
selection transistor Q1. The gate of the selection transistor
Q1 is axned on in response to a selection signal supplied
through the address line 4. While the selection transistor Q1
is on, an image data voltage supplied through the date line
104 is accumulated in the eapacitor Cp. The capacitor Cp
retains the image data voltage almost over 1 frame period.
The resistance in the drive transistor Q2 is controlled by the
voltage retained in the capacitor Cp. The organic EL element
3 emits light according to written information, in other
words, the retained voltage.
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The electric characteristic of the organic EL element 3
will now be described with reference to FIGS. 5 and 6, As
shown in FIG. 5, the source-drain current Ids of the drive
transistor Q2 is shifted in accordance with a gate voltage Vg
applied to the gate electrode of the drive transistor Q2. The
sowrce-drain current Ids of the drive transistor Q2 becomes
saturated when a source-drain voltage Vsd applied between
the source and drain of the drive tramsistor Q2 exceeds
approximately 5V. As shown in FIG. 6, the organic EL
element 3 has a luminance characteristic according to an
anode-cathode voltage Vac (a forward bias is positive). In
this embodiment, the Juminance (gradation) of the organic
EL element 3 is controlled by controlling the anode-cathode
voltage Vac in a range of O(V) to Vdd (M),

The source electrode 10B of the selection transistor Q1 is
connected to the gate electrode 4B of the drive transistor Q2
through a contact hele 14B. A writing/deleting voltage is
applied to the drain electrode of the selection transistor Q2
through the data line 10A.

Driver circuits used in the display apparatus 1 will now be
explained with reference to FIG. 7. As shown in this
drawing, one selection transistor Q1, one drive transistor Q2
and one organic EL element 3 are provided in each pixel
area. One address line 4 is connected to the gate electrode 4A
of each selection transistor Q1. One data line 10A is con-
nected to the drain electrode of each selection transistor Q1.
Moreover, as shown in FIG. 8, a selection voltage Vad
having a positive potential is applied to a selected one of the
addréss lines 4, and a non-selection voltage Vnad having a
ground potential is applied to the other non-selected address
lines 4. In the selection periods, a writing voltage Vi
according to the luminance is applied to the data lines 10A.
The driving power source Pg continually applies the constant
voltage Vdd to the anode electrode 17.

The operation of the display apparatus 1 according to this
embodiment will now be described.

A gate driver circuit DC1 illustrated in FIG. 7 applies
voltages through its terminals X1 to Xm to the address lines
4, thereby ‘sequentially selecting the address lines 4. When
selecting one address line 4 connected to the terminal X1,
the gate driver circuit DC1 applies the selection voltage Vad
to that address line, and applies the non-selection voltage
Vnad to the other address lines. At that time, a drain driver
circnit DC2 applies the writing voltage Vr through its
terminals Y1 to Yo and the datz lines 10A to the drain
electrodes of these of the selection transistors Q1 which are
connected to the address line 4 connected to the terminal X1,
In accordance with the writing voltage Vr, a voltage of 0V
to Vdd (V) is appHed to those of the organic EE. elements 3
which correspond to pixels P (1, 1) to P (I, n), and the
organic EL elements 3 applied with the voltage emit light at
the luminance (gradation) according to the applied voltage.
In a non-selection petiod during which the address line 4
connected to the terminal X1 is not selected, the capacitors
Cp connected to that address line retain the writing voltage
Vrover 1 frame period. Consequently, currents keep flowing
nto the drains of drive transistors Q2 and then into organic
EL elements 3 over 1 frame period, and those EL elements
emit light over 1 frame period. In place of the selection
voltage Vad, the gate driver circuit DC1 applies the non-
selection voltage Vnad to the address line 4 connected to the
terminal X1. In order to select another address line 4
connected to the terminal X2, the gate driver circuit DC1
applies the selection voltage Vad to the address line 4
connected to the terminal X2. In the same manner as that
descried above, those of the organic EL elements 3 which
correspond to pixels P (2, 1) to P (2, n) emit light at the
luminance according to the applied voltage.
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Thus, in the display apparatus 1 of this embodiment. the
organic EL elements 3 ¢can keep emitting light even while
their corresponding address lines 4 are not selected,

Accordingly, even though the display apparaws 1 is
designed to display a highly precise image. the luminance of
the orzanic EL elements 3 need not be set high. For example,
in order o attain a Juminance of 100 cd/m> at the surface of
the screen of n conventional passive matrix type display
apparatus, the organic EL elements have 1o emit light at 2
luminance of about 48000 cd/m>. However, in the case of
the display apparatus of this embodiment, a luminance of
approx 100 cd/m” suffices as the lumvinance of the organic

s

According to the display apparatus I of this embodiment,
unlike in the case of the passive mawix type organic EL
display apparatus proposed conventionally, the organic EL
glements 3 can keep emitting light over 1 frame period. and
the display apparatus 1 can display an image without caws-
ing the organic EL elements 3 to emit light a1 a high
luminance. The display apparatus T of this embodiment can
display a highly precise halltone image. and the expressivity
of the displayed image is impraved. In order to vary a camier
potential at a high speed. a writing voltage which is applied
to the data lines EOA while the orgdnic EL elements 3 are
emitting no light can be set at a negative potential in
accordance with an increase in the number of address lines
4, insofar ag o P-chanmel current is not adversely affected.

Further. as shown intFIG. 9. a diclectric film having a
thickness of 5 nny or less and which is formed of at least one

materia) selected from & group consisting of $102, Lif, Naf, ;

Caf? and Mgf2. may be provided between the oreanic EL
layer 16 and the cathode electrodes 15, When a voltage
having o predetermined value is applied between the anode
elecirode 17 and the cathode electrode 15, electrons are

injected from the cathoade electrodes 15 into the organic EL -

layer 16 through the dieleetric film 18 due o the wnneling
effect, After the formation of. for example. the cathode
electrodes 15 which are easily oxidized, the dielectric filin
18 is formed so as to cover the cathode electrodes 15 by a

vacuum deposition method or the like. The cathode elec- .

trodes 15 covered by the dietectrie film 18 are not exposed
1o the air. Accordingly, the electron injecting capability of
the cathode electrodes 15 is maintained in ar excellent
condition. It is preferred that the dielectric film 18 be one
which can he suceessfully joined with the cathode electrodes
15 and the crganic EL layer 16 in a preferred state.

In the multicolor (full-color) type display apparats 1
illustrated in F1G. 10, wavelength range conversion layers
52R, 52G and 52G. sandwiched between an insulation film

33 formed on the anode electrode 17 and a substrate 51, are 3

provided in one-lo-one comespondence with the eathode
electrodes 15, A black mask containing chromitm oxide is
formed in the areas corresponding to the address lines 4 and
the data lines 19A. The wavelength range conversion layers

52R have the photoluminescence effect of absorbing light -

which the organic EL layer 16 emits in 2 blue wavelength
range and emitting light in a longer red wavelength range.
The wavelength conversion layers 52G have the photolu-
minescent effect of absorbing light which the organic EL
layer 16 emits in the blue wavelength range and emitling
light in a longer green wavelength range. The wavelength
conversion layers 2B have the photoluminescent effect of
ahsorbing light which the ovganic EL layer 16 emits in the
blue wavelength range and emitting light in a longer blue
wavelength range,

In this display apparatus 1. the organic EL layer which
emits hlue light of a single color iy satisTactory, The wave
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length conversion layers S2R convert the blue light emitted
by the organic EL layer 16 into red light, and emit the
converted red light. The wavelength conversion layers 52G
convert the blue light emitted by the organic EL layer 16 into
green light, and emit the converted green light. The wave-
length conversion layers 52B convert the blue light emitted
by the orzanic EL laver 16 into blue light, and emit the
converted blue light, Therefore, the display apparatus 1 can
ensily display  full-color image. The areas occupied by the
wavelength conversion layers 52R, 52G and 52B are sot
equal to those occupied by the cathode electrodes 15, and
therefore the light enitting area of each pixel is not small
even throngh e nansistors Q1 and Q2 are present. This
permits the wavelength conversion layers to perforns the
energy conversion with efficiency.

It is preferred that a material having a refractive index
which approximates to that of the wavelength conversion
layers 52R, 52G and 52B. which are in contact with the
tnsulation film 53, be selected as the material of the insu-
Tation film 53. This is because when the insulation film 53 is
formed of such a material, the degree of the reflection of
light at the interface between the insulation film 53 and the
wavelength conversion layers 52R. 52G and 52B is small.

The display apparates 1 illustrated in FIG. 11 includes the
wavelength conversion layers 52R and 52G. This display
apparatus 1 displays a multicolor (full-color) image, using as
is the blue light emitted by the organic EL layer 16.

In the display apparatus 1 illustrated in FIG. 12, cotor
filters 55R. 55G and 55B are provided between a substrate
1 and the wavelength conversien layers S2R, 52G and 5ZB,
respectively, Of the light incident on the color filter layers
52R. the light compunents in the red wavelength range pass
through the color filter layers 52R. but the light components
in the other wavelength ranges are absorbed by the color
filter layers 52R. Of the light incident on the color filter
fayers 5§2G. the light components in the green wavelength
range pass through the color filter layers 526, but the light
components in the other wavelength ranges are absorbed by
the color filter layers 52G. Of the Yight incident on the color
filter Jayers 55B. the light components in the wavelength
range in which the blue light emited by the wavelength
conversion layers 52B falls pass through the color filler
layers 55B. but the other light components are absorbed by
the color filter layers S5B. In other words, the color filter
Tayers 55B absorb the blue light emitted by the organic EL
layer 16, but allow the blue light emitted by the wavelength
conversion layers 528 10 pass through the color filier layers
§5B. .

The color filter Jayers 55R have such a characteristic that
they abgorb, of the incident light entering the wavelength
conversion layers $2R through the substrate 51, the light
components in the wavelength range of the light by which
the wavelength conversion luyers 52R are exciied (i.e., the
light components in the same wavelength range as that in
which excitation light components of the bive light emitted
by the organic EL layer 16 fall). Under this condition, the
wavelength conversion layers 52R are not excited by the
light coming from the outside of the display apparatus 1. The
color filter layers 55G have such a characteristic that they
absorb, of the incident light entering the wavelength con-
version layers 52G through the substrate 51, the light
components in the wavelength range of the light by which
the wavelength conversion layers 52G are excited (i.e., the
light compenents in the same wavelength range as that in
which ol the excittion light components of the blue light
emitted by the organic EL layer 16 fall). Therefore, the color
conversion layers 52G are not excited by the external light
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coming from the ocutside of the display apparatus 1. The
wavelength conversion layers 52B emit blue light in a blue
wavelength range wider than that of the blue light emitted by
the organic EL layer 16. The color filter layers 55B have
such a characteristic that they absorb the blue light emitted
by the organic EL layer 16 but allow the blue light emitted
by the wavelength conversion layers 52B to pass through the
color filter layers 55B. Consequently, the wavelength con-
version layers 52B are not excited by the external light
coming from the outside of the display apparatus 1.

‘When the light emitted by the wavelength range conver-
sion layers 52R, 52G and 52B enter the color fiiter layers
55R, 55G and 55B, light in narrower wavelength ranges than
those of the light emitted by the layers 52R, 52G and 52B
and having higher luminance peaks than those of the light
emitted by the layers 52R, 52G and 52B, come out from the
filter layers 55R, 55G and $5B. Accordingly, the color purity
of light going outside the display apparatus 1 is high. The
black mask 54 shields areas between the color filter layers
55R, 55G and 55B from the external light radiated toward
those areas, and therefore the external light do not enter the
wavelength conversion layers 52R, 52G and 52B so as to
cause the layers 52R, 52G and 52B to perform light emis-
sion. The black mask 54 also prevents light from being
reflected by the address lines 4 and the data lines 10A. This
ensures 4 considerably excellent display characteristic to the
display apparatus 1. Since no light enters also the transistors
Q1 and Q2 by virtue of the presence of the black mask 54
and cathode electrodes 17, the malfunction of the trans:smrs
Q1 and Q2 does not occur.

As shown in FIG. 13, the organic EL layer 16 may include
ared EL layer 16R, a green EL layer 16G and a blue EL layer
16B. It is possible to cause light emitted by those EL layers
16R, 16G and 16B to enter the color filter layers 55R, 55G
and 55B, respectively, and to come-out therefrom as light
having higher luminance peaks.

In FIG, 14, color filter layers 56B have such a character-
istic that when the blue light emitted by the organic EL layer
16 enters the color filter layers 56B, blue light in a narrower
wavelength range than that of the blue light emitted by the
organic EL layer 16 and having a higher luminance peak
than that of the blue light emitted by the organic EL layer 16,
comes out from the color filter layers 56B. Hence, without
using a wavelength conversion layer for blue, the display
apparatus 1 illustrated in FIG. 14 can display a full-color
image if the wavelength conversion layers 52R and 52B are
provided in correspondence with the color filter layers 55R
and 55G,

The display apparatus 1 illustrated in FIG. 15 has wave-
length conversion layers SR, 57G and 57B each having a
concave surface facing the organic EL layer 16. Even when
the light emitted by the organic EL layer 16 is reflected at the
interfaces between the insulation film 53 and the wavelength
conversion layers 37R, 57G and 57B, the most part of the
reflected light is reflected by the cathode electrodes 15. The
light reflected by the cathode electrodes 15 falls on the
interfaces between the insulation filmm 53 and the wavelength
conversion layers 57R, 57G and $7B at an incident angle
different from the initial incident angle, Under this
condition, it is easy for the wavelength conversion layers
57R, 57G and 57B to catch the light reflected by the cathode
electrodes 15. Thus, in the display apparatus 1 illustrated in
FIG. 15, the light emitted by the organic EL layer 16 enters
the wavelength conversion layers S7R, 57G and 57B with-
out the light being wasted.

The display apparatus 1 of the above embodiment has the
structure shown in FIG. 7. However, as shown in FIG. 16,
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the positions of the anode and cathode electrodes can be
reversed, In this case, the driving power source Ps continu-
ally applies a constant negative voltage (-Vdd) to the
cathode electrodes of the organic EL elements 3.

It is possible to provide the dielectric film 18 shown in
FIG. 9 between an anode electrode 16 and the cathode
electrodes 15 in the display apparatuses 1 illustrated in
FIGS. 16 to 15.

The structure of a display apparatus according to another
embodiment of the present invention will now be described
with reference to FIGS. 17 to 20. FIG. 17 is a plan view of
that part of the display apparatus of this embodiment which
corresponds to one pixel. FIG. 18 is a cross section taken
along the line 18—18 shown in FIG: 17. FIG. 19 is a cross
section taken along the line 19—19 shown in FIG. 17.

Reference numeral 21 in the drawings denotes the display
apparatus. In the display apparatus 21 of this embodiment,
as shown in FIGS. 17 to 19, a grounded electrode 23 is
formed on 2 substrate 22 over the entire display area. A base
insulation film 24, which is made vp of a silicon oxide film
and/or the like, is patterned on the grounded electrode 23.
Formed on the base insulation film 24 are paralle]l address
lines 48, which are connected each to one of terminals X1
to Xm connected to a gate driver circuit (described later),
and which are spaced at predetermined intervals. A first gate
insulation film 25 is formed on the address lines 48 and the -
base insulation film 24. As show in FIGS. 17 and 18, a first’
semiconductor layer 26 and a second semiconductor layer
27, which are made of amorphous silicon and/or the like, are -
patterned on the first gate insulation film 25, The first
semiconductor layer 26 enables the address lines 48 to
function as gate electrodes. A blocking layer 28 is patterned
on that part of the semiconductor layer 26 which is the
middle portion of the layer 26 in a gate lengthwise direction
{a vertical direction in FIG. 17). A second-gate insulation
film 29 is formed so as to cover the upper and side surfaces
of the second semiconductor layer 27, The blocking Jayer 28
and the second gate insulation film 29 are made of silicon
nitride and/or the like, and are formed by a CVD methed. A
source electrode 30 and a drain electrode 31 are formed on
both sides of the first semiconductor layer 26 with respect to
a gate widthwise direction so that the source and drain
electrodes 30 and 31 are connected to the first semiconduc-
tor layer 26 (in FEG. 18, the source electrode 30 is formed
on the right part of the first Semiconductor layer 26, while
the drain electrode 31 is formed on the left part of the first
semiconductor layer 26). The address lines 48, the first gate
insulation film 25, the first semiconductor layer 26, the
source electrode 30 and the drain electrode 31 thus formed
constitute a selection transistor Q3. The input impedance of
the selection transistor Q3 is set at a large value, The drain
electrode 31 shown iIn FIG. 17 is patterned and formed in
integration with a corresponding one of data lines 47, which
are connected each to one of terminals Y1 to Yn connected
to a drain driver circuit (described later), The source elec-
trode 31 shown in FIG. 17 is patterned and formed in
integration with a gate electrode 32 which crosses over the
middle part of the second semiconductor layer 27, with the
second gate insulation film 29 being located between the
second semiconductor layer 27 and the gate electrode 32.
The source electrode 30 and the gate electrode 32 are
pattemned and formed in integration with a capacitor upper
electrode 34 included in a capacitor Cp2. The capacitor Cp2
includes the capacitor upper electrode 34, the second gate
insulation film 29 formed under the capacitor upper elec-
trode 34, the first gate insulation film 25 and a capacitor
lower electrode 35. The capacitor lower electrode 35 is
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connected to the grounded electrode 23 through a contact
hole 24A formed in the base insulation film 24.

A source electrode 36 and a draiwelectrode 37 are formed
on both sides of the gate electrade 32 of the second semi-
conductor layer 27. The second semiconductor layer 27, the
second gate insulation film 29, the gate electrode 32, the
source electrode 36 and the drain electrode 37 form a drive
transistor Q4. The drain electrode 37 shown in FIG. 17 is
formed in integration with a power source line 38 which is
parallel with the data lines 47 and which applies a voltage
for driving organic EL elements 39. The source electrode 36
is connected to an EL upper electrode 40 included in an
organic EL element 39. In the display apparatus 21, the
selection transistor Q3. the drive transistor Q4 and the
capacitor Cp2 form a vohage conuoller.

As shown in FIGS, I7 and 19, each organic EL element
39 includes a light-shiclding EL lower electrode 42 made of
Mgln and/or the like and serving as a cathode electrode, an
organic EL layer 41 formed on the EL lower electrode 42,

and a wausparent EL upper layer 40 made of 1TO and/or the 2

like and formed on the organic EL layer 45. The EL upper
electrode 40 serves as an anode electrode,
The organic EL layer 41 includes an electron carrying

lnyer, a luminous layer and a hole camrying layer. Of those |
layers included in the organic EL layer 41, the electron ~

carrying layer is closest to the EL lower electrode 42, and the
hole carrying layer is furthest from the EL lower electrode
42, The electron carrying layer is made of Alg3. The
luminous layer is made of 96 wi ¢ DPVBi and 4 wi %

BCzVBi. The hole carrying layer is made of NN'-dilo.- *

naphthyl)-N.N'-diphenyl-I,1"-biphenyi-i,4 «diamine
(referred to as o-NPD).

The organic EL element 39 is formed on an interlayer
insulation film 43 which covers the selection transistor Q3

n

i

w

and the drive wansistor Q4 and which iy formed over the -

entire disptay area. The EL lower electrode 42 Is connected
10 the grounded electrode 23 through a contact hole 44
formed in the first gate insulation film 25 and the base
insulation film 24. Of the area surrounded by a two-dot chain
line in FIG. F7. the put except a projecting portion 40A is
covered by the EL lower electrode 42, The EL lower
electrode 42, which is a recrangular electrode covering the
selection wansistor Q3, the drive transistor Q4 and the
capacitor Cp2, ete., oceupy the most part of the area occu-
pied by one pixel. The organic EL layer 41 is a layer
extending over the entire display area. The EL upper elec-
trade 40 extends over the area surrounded by the two-dot
chain line in FIG. 17. The projecting portion 40A of the EL
upper electrode 40 is connected to the source electrode 36 of

theé drive transistor Q4 through a contact hole 45, as shown

in FIG. 17. The power source line 3§ is connected to the
driving power source Ps which continually appiies the
constant voltage Vdd.

FIG. 20 is o diagram showing driver circuits included in 4

e display apparatus 21 illusirated in FIG. 17.

A drive method for having the display apparatus 21 of this
embodiment emit light will now be described. .

A gate driver cireuit DC3 is driven to oulput a selection
signal to any one of the address lines 48. Ln synchronization
with the output of the selection signal to one address line 48,
a drain driver circuit DC4 is driven to output a data signal
to the data lines 47. When the number of address lines 48 is
N, | scanning period during | frame period T is T/N, and the
selection signal has such a vohage value as to enable the
writing voltage Vr exceeding the gate threshold value Vih of
selection transistors (3 10 be applied 10 the address line 48

e
bry

[ilt}

o
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during 1 scanming period. Upon the application of the
selection signal, selection transistors Q3 in FIG. 20 are
turned on, and a voltage according to the data signal output
to the daga lines 47 is applied to the gate electrodes 32 of
drive transistors Qd. and is stored in capacitors Cp2. The
capacitors Cp2 retain the voltage according (o the data signal
over | frame period. and the value of the resistance in the
drive transistors Q4 is controlled to a substantially constant
value until the next selection period by the potential Ve
retained in the capacitors Cp. In accordance with the value
of the resistance in the drive transistors Q4, the potential
Vdd is applied through the power source line 38 to the
organic EL layer 41. As a result, n substantially constant
current flows throngh the orgamic EL layer 4i. and uw
organic EL layer 41 emits light at a substantially constant
luminance during 1 frame period. By repeating those
operations, the display apparatus 21 can maintain the state of
emitting light, and accordingly the conwast in an image
displayed on the display apparatus 21 is remarkably
improved over the conventional passive matrix type EL
display apparatus. Since & current supplied to the organic EL
layer 41 can be precisely controlled through- the use of the
wansistors Q3 and Q4. the display apparatus 21 can perform
gray-scale display with ease. Iff wavelength conversion lay-

ers and/or color filter Iayers are used as shown in FIGS. 10
to 15, the display apparatus 21 can perform full-color
{multicolor) display as weil. /)

In the display apparatus 21 of this embodiment. ﬂu. areq
occupied by each EL lower electrode 42 is not limited by the
thin film transistors Q3 and Q4. Therefore. the ratio of the
light muumg areq to each pixel area can be cnhanr.ud with
the result thad the organic CL clements 39 can omi
the desired lumiinance without the application of an exces-
sively high voltage.

Since the EL lower electrodes 42 are made of a light-
shiclding material. the light emitted by the organic EL layer
41 does not enter the selection transistors Q3 or drive
transistors Qd located below the EL lower electrodes 42,
Accordingly, the transistors Q3 and Q4 are prevented From
malfunctioning due to such light, and the display apparatus
21 of this embodiment can be reliably driven.

~

The area of the interface between the organic EL layer 41

and the EL lower electrodes 42 is large. This permits the
organic EL layer 41 and the EL lower electrodes 42 o be
Jjoined together in a preferred condition, and ensures to the
display apparatus 21 of this embodiment a luminous life
improved over that of the conventional active matrix type
EL display apparatus. The EL lower electrodes 42 are
formed on a flat layer having no steps, and therefore are {ree
from the possibility of the EL lower elecirodes 42 breaking
at steps.

The grounded electrode 23 formed over the entire display
area is made of a light-ghielding metal such as Al, and
therefore can shield the light coming from the substrate 22
and can make the light enter the wansistors Q3 and Q4.

Tn the embodiments deseribed above. polycrystailine sili-
con can be used in place of amorphous silicon in order o
form the semiconductor layers of the transistors. However,
amorphous silicon elements are preferable to polyarystalline
silicon elemems,

In the above-described embodiments, impurity-doped
silicon nitride films, which has a capability to catch carriers
and store a gate vollage, com bhe employed as the gate
insulation Glms of the drive trangistors. By thus conferring
the voltage storing capability on the drive wansistors them-
selves in addition to the use of the capacitors, the voltage
storing. capability of the entire circuitry is improved.
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In the above embodiments, the transistors are MOS tran-
sistors. However, they may be bipolar transistors. Due to the
input impedance of each of the selection transistors being set
at 4 Jarge value, the selection transistors have the effect of
suppressing the amount of current fiowing through the
address lines to a great extent when a selection signal
voltages is applied to the bases, even in the case where the
number of selection transistors connected to each selection
signal line is large. Accordingly, the amount of current
which the organic EL elements require can be made small,
and the life of the power source can be enhanced. Similarly
in the case where a data signal voitage is applied to the drive
transistors, the attenuation of the voltage stored in the
capacitors can be suppressed to a great extent so as to
prolong the period of time over which the data signal voltage
is retained, due to the input impedance of those transistors
being set at a large value.

The present invention is not limited to the above
embodiments, and varioug changes can be made without
departing from the Scope of the present invention, For
example, the cathode electrodes are made of Mgln in the
above embodiments. However, a visible-light shielding
material having a Jow work function and containing Mg
and/or the like can also be used. It is also possible to form
the cathode electrodes 15 so as to have rough surfaces and
to form the organic EL layer 16 on those rongh surfaces, as
shown in FIG. 21. The cathode electrodes 15 having such
rough surfaces can be formed using an Mg material doped
with Ag. In this case, not only flicker due to the reflection of
the external light at the cathode electrodes 15 is suppressed,
but also the area of the interface between the organic EL
layer 16 and the cathode electrodes 15 is increased such that
successful joining is attained between the organic EL layer
16 and the cathode electrodes 15, ensuring & long lrminous
life to the organic EL elements 3. The display apparatuses
according to the above embodiments display images through
utilization of the light emitted by the organic EL elements 3
only. However, the display apparatuses may inclode liquid
crystal display panels as shutters,

In the above-described embodiments, the driving power
source Ps continually applies a constant voltage to the
organic EL elements. However, since the luminance of the
organic EL elements is determined by the amount of recor-
bination of electrons and holes, that is, the amount of
current, the structure wherein the driving power source Ps
applies a constant voltage is particularly advantageous when
the areas occupied by the pixels are substantially equal to
each other as in the case of matrix panels according to the
above embodiments.

‘What is claimed is:

1. A display apparatus compnsmg

a substrate;

active elements formed over sald substrate and driven by

an externally supplied signal;

an insulation film formed over said substrate 50 a5 to

cover said active elements, said insulation having at
least one contact hole;

at least one first electrode formed on said insulation film

so as to cover said active elements, and connected to
said active elements through said at least one contact
hole, said at least one first electrode being made of a
material which shields visible ight;

an crganic electroluminescent layer having an organic

electroluminescent material formed on said at least one
first electrode 80 as to cover said active elements and
including at least one layer which emits light in accor-
dance with a voltage applied to said at least one layer;
and

40
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at Jeast one second electrode formed on said organic
electroluminescent layer which covers said active ele-
ments,

2. The display apparatus according to claim 1, wherein
said at least one first electrode is formed of a conductive
material containing magnesium,

3. The display apparatus according t6 claim 1, wherein
said at least one first electrode has a rough surface which is
in contact with said organic electroluminescent layer.

4, The display apparatus according to claim 1, wherein
said active elements are a selection transistor which is turned
on in response to an extemally supplied address signal and
2 drive transistor, which is driven by a signal corresponding
to image data supplied externally through said selection
transistor while said selection transistor is on, fer controlling
a voltage to be applied to said organic electroluminescent .
layer, said selection transistor and said drive transistor
forming a pair,

5. The display apparatus accondmg to ‘claim 4, wherein
said at least one first electrode is conmected to said drive
transistor through said at least one contact hole.

6, The display apparatus according to claim 4, wherein:

said display apparatus further comprises a capacitor for
retaining the signal corresponding to the image data
externally supplied through said selection transistor
while said selection transistor is on; and

while said selection transistor is off, said drive transistor
is driven by the signal retained in said capacitor.

7. The display apparatus according to claim 1, wherein:

said active elements are tramsistors forming pairs and
arranged in a matrix pattern, one transistor of each of
said pairs being a selection transistor which is tumed en
in response to an externally supplied address signal,

and the other transistor of each of said pairs being a

drive transistor, which is driven by a signal correspond-

ing to image data supplied externally through said
selection transistor while said selection transistor is on,
for controlling a voltage to be applied to said orgamc
electroluminescent layer;

said selection transistor of each of said pairs is connected
to one of address lines and one of data lines, said
address lines being formed over said substrate and
being supplied with said address signal, and one of said
data lines being formed over said substrate and being
supplied with said image data; and

said at least one first electrode is plural in number, and the
plurality of first electrodes are arranged in a matrix
pattern in areas’surrounded by sa.id address lines and
said data lines.

8. The display apparatus according to claim 1, wherein a

constant voltage is applied to said second electrode.

9, The display apparatus according to claim 1, further
comprising at least one wavelength conversion layer formed
over said at least one second electrode, said at least one
wavelength conversion layer emitting light in a first wave-
length range by abscrbing light in a second wavelength
range emitted from said organic electroluminescent layer. -

10, The display apparatus according to claim 9, wherein
said at least one wavelength conversion layer has a concave
surface facing said at least one second electrode.

11. The display apparatus according to claim 9, wherein
said at}east one wavelength conversion layer has at least two
of a red convetsion layer which emits light in a red wave-
length range, a green conversion layer which emits light in
a green wavelength range, and a blue conversion layer which
emits blue light.
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12. The display apparatus according to claim 1, wherein:
said display apparatus further comprises at least one filier
formed above said at least one second electrode: and

light lays in a first wavelength range pass through said at
least one filter selectively when incident light rays in a
second wavelength range including said first wave-
length range enter said ot least one filter.

13. The display apparatus according to claim 12, wherein

said at least one filter has a red filter which makes light in

a red wavelength range pass through, a green filter
which makes light in a gieen wavelength range pass
diouglh, wad a blue fhicr whish makes light in a blue
waveleng(h range pass through.

14, The display apparatus according to claim 1. wherein
said organie electroluminescent layer has a thickness whose
valve falls in a range of wavelengih of light which said
organic electroluniinescent layer emits,

15. A display apparatus comprising:

a substrate:

selection transistors formed over said substrate and

wrranged in a matrix pattern;

drive transistors Tormed over suid substrate and arranged

in a matrix pattern. each of said drive transistors being
connected to one of said selection transistors:

address lines connected to said selection transistors and

through which a signal for wrning on said selection
transistors is supplied:

data lines connected to said selection wansistors, a signal

which corresponds to image data being supplied to said
drive wansistors through said data lines and said selee-
tion transistors while said selection transistors are on;
an insulation film formed over said substrate 50 as to
caver said drive transisiors. said address lines and said
data lines, said insulation film having contact holes
formed in correspondence with said drive transistors;

i

0
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first electrodes made of 2 material which shields visible
light, and formed on said insulation film 50 as 1o cover
said selection transistors and said drive transistors, said
first electrodes being arranged in a matrix pattern in
areas surrounded by satd address lines and said dat
lines, and being connected to sald drive transistors
through said contact hioles:

an organic eleciroluminescent layer formed on said first
electrodes which covers said selection transistors and
saicd drive wansistors and including at least one layer
which emits light in accordance with an applied volt-
age:

a second electrode formed on suid organic electrolumi-
nescent layer which covers said selection transistors
and said drive transistors;

a first driver circuit for selectively supplying said address
signal to said address lines in sequence; and

a second driver circuit for supplying said image data 10
said data lines.

16. The display apparatus according to claim 15, wherein

a constant voliaye is appiied to said second electrode.

17. The display apparatus accoreing to claim 1, wherein
said display apparatus further comprises at least one filter.
formed above smid at least one second electrode, which
selectively permits light rays in 2 first wavelength range 1o
pass therethrough when incident light rays in o second

wavelength range including said first wavelength range enter

said at least one filter,

18. The display apparatus according to claim 17, wherein
said at least one fiher hay a red Glier which permits light in
a red wavelength range 10 pass therethrough, a green filter
which permits light in a green wavelenglh range to pass
therethrough, and a blue filter which permits light in a blue
wavelength range (o pass therethrough,
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