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DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a display apparatus, and more particularly to an 

5 electroluminescent (hereinafter referred to as EL) display apparatus with a matrix display 

panel including EL elements. 

Desaiption 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 

1 O conventionally. A passive matrix type EL display apparatus is available as such an EL 

display apparatus. In th_is type of EL display apparatus, parallel cathode lines serve as 

common lines, while parallel anode lines which are perpendicular to the cathode lines 

and which are made of rro (indium tin oxide) serve as data lines. An organic EL layer 
.. j. . ' 

is arranged between the set of the cathode lines and the set of the anode lines. A 

15 positive voltage is applied to the data lines in each of c;athode 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 apparatus 

which displays an image by driving such organic EL elements, the larger the number of 

20 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 organic 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 instantaneous luminance of the organic EL layer of 

25 each pixel during the selection periods is intensified so that the organic EL layer 

apparently emits light over 1 frame period. The organic EL layer can .emtt light at a high 

instantaneous luminance by applying a high voltage to the organic EL layer. In this 
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• 2 • 
case, however, the organic EL layer can easily deteriorate. 

In the passive matrix 1ype EL display apparatus, the larger the number of common 

lines and data lines, the more possibility of the oocurrenoe of crosstalk This makes it 

difficult to enable the passive matrix 1ype EL display apparatus to display a highly precise 

5 image. 

Proposed as a display apparatus free from the above-described problems is an 

active matrix type display apparatus which includes, as shCl'Ml in Fig. 22, pairs of thin film . . 

tram;;istors which µinfer 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 

1 0 selection transistor T1 is connected to a data line DL for supplying a data signal and a 

gate line GL for supplying a gate signal. , The gate electrode of the drive transistor T2 is 

connected to.the selection transistor T1. . The source of the drive transistor T2 is 

connected to a constant voltage line VI... In this display apparatus, as shown in Fig. 23, 
. /. 

the thin filni transistors T1 and T2 are formed in a pixel area .on a glass substrate 101, 

15 and the gaieis 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, atransparent 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 

20 electrode 1. 03 is formed in that part of the passivation film 104 which is located on the 

transparent anode electrode 103. An organic EL layer 106, which absorbs the energy 

.genefil!ed 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 plurality of 

25 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 earners into the organic EL layer 106 

depends on the ionization potential of the anode electrode 103 and the electron affinity 
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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 100 which depends on the canier 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 

5 work function is low, the cathode electrode 107 reflects light having a wavelength in a 

range of wavelength of light which the organic EL layer 100 emits. Due to this, in the 

above EL di~play apparatus, the light emitted by the organic EL layer 100 travels 

through the anod~ electrode 103 and the substrate 101. The organic EL layer 100 is 

arranged so as not to overlap the thin film transistors T1 and T2. The purpose of thus 

1 O arranging the organic EL layer 100 is to prevent the light emitted by the orgariic EL layer 

100 from entering the thin film transistors T1 and 12. If the emitted_ light entered the thin 

film transistors T1 and 12, unnecessary photoelectromotive force would be generated in 

the channel regions of the thin film transistors T1 and 12, which entails the possibility of 
. l . . . 

the thin filni transistors T1 and 12 malfunctioning . 

15 In the ~i:tive 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 12 are not located, and therefore the ratio of 

the light emitting area to the pixel area is small. If the light emitting area is enlarged and 

if a voltage applied to the organic EL layer 100 is intensified to attain the desired 

20 luminance, the organic EL layer 100 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 

100 together in a preferred .condition. As time passes, a gap can easily occur between 

the cathode electrode 107 and the organic EL layer 100, which entails the possibility that 

25 the organic EL layer 106 may become emit no lighl The organic EL layer can emit light 

at the same luminance as that of an inorganic EL layer even when the organic EL layer 

is formed as thin as 40nm to 250nm. The thicker the organic EL layer 100, the higher 
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an effective voltage/a.irrent for causing the organic EL layer to emit light at the desired 

luminance. This limlts the range of value at which the thickness of the organic EL layer 

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 oca.irrence of a 

5 parasitic capacitance in the thin film transistors T1 and T2. Owing to a difference in 

thickness between the passivation film 104 and the organic EL layer 100, a step is 

present on lt]e upper surfaces of the passivation film 104 and organic EL layer 100. 

There is the possjbilily that the cathode electrode 107 may break at that step. If the 

cathode electrode 107 breaks, the display apparatus cannot perform a display 

1 0 operation. 

SUMMARY 0F THE INVENTION 

It is accordingly one object of the present invention to provide a display apparatus . . 

which has a light emitting area enlarged so as to eniit light at a satisfactorily high 
I, . . 

luminescence even though a voltage applied to an EL layer is low, and which has a long 

15 luminance l~e. 

. It is another object of the present invention to provide a display apparatus which 

prevents light from entering active elements such as transistors, to thereby avoid the 

malfunction of the active elements. 

In order to achieve the above objects, a display apparatus a=rding to one aspect 

20 of the present invention comprises: 

a substrate; 

active elements which are formed over the substrate and which are driven by an 

externally supplied signal; 

an insulation film formed over the substrate so as to cover the active el13ments and 

25 having at least one oontact hole; · 

at least one first electrode formed on the at least one insulation film so as to oover 

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

( 
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contact hole, the at least one first electrode being made of a material which shields . 

visible lighi 

an electroluminescent layer fanned 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 

5 one layer; and 

at least one second electrode fanned on the electroluminescent layer. 

In this di~play apparatus, the at least one first electrode is fanned so as to cover the 

active elements, and the electroluminescent layer and the at least one second electrode 

are laminated sequentially on the at least one first electrode. Under those conditions, 

1 O the area occupied by an electroluminescent element, which is fanned 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 a light emitting area can be enlarged acoordingly. 
' ' ' 

This enables the electroluminescent layer fa emit light at the same luminescence as that 
' ' J, ' ' ' 

of a conventional display apparatus, even though a voltage applied to the 

15 electrolumiriesoent layer is low. · · In this case, the load on the electroluminescent layer is 

small, which ensures a long life to the display apparatus. Since the at least one fJrSt 

electrode is made of a-material which shields visible ligh~ the light emitted by the 

electroluminescent layer does not enter the active elements, and therefore the active 

elements do not malfunction due to the light 

20 In order to achieve the above-described objects, a display apparatus acoordirig to 

the second aspect of the· present invention comprises: 

a substrate; 

selection transistors formed over the substrate and arranged in a matrix pattern; 

drive transistors fanned over the substrate and arranged in a matrix pattern, each of 

25 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; 
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. data lines connected to the selection transistors, a signal which corresponds to 

image data being supplied to the drive transistors through the data lines and the 

selection transistors while the selection transistors is on; 

an insulation film formed over the substrate so as to cover the drive transistors, the 

5 address lines and the data lines, the insulation film having contact holes formed in 

correspondence with the drive transistors; 

first electrodes made of a material which shields visible light, and formed on the 

insulation film so fiS to cover the election transistors and the drive transistors, the first 

· electrodes being arranged in a matrix pattern in areas surrounded by the address lines 

1 O . and the data lines, and being connected to !tie drive transistors through the contact 

holes; 

an electr:oluminesceJJ! layer formed on the first electrodes and including at least one 

layer which emits light in a=rdance with an applied voltage; 
/. . 

a serond electrode formed on the electroluminescent layer; 

15 a first driver circuit for selectively supplying the adgress signal to the address Jines in 

sequence; and . 

a second driver circuit for supplying the image data to the data lines. 

In this display apparatus, the first electrodes are arranged in the areas surrounded 

by the address Jines and the data lines. Under this condition, electroluminescent 

20 · elements, each being formed of one· of the first electrodes and the electroluminescent 

layer and the second electrode, do not overlap the address Jines or the data lines. 

Consequently, no parasttic capacitance CiccUrs between the address/data lines and the 

electrodes of the electroluminescent elements, thus preventing signal transmission from 

25 

being slowed down. / · 

BRIEF DESCRJry6N OF THE DRAWINGS 

Fig. 1 is a plan vi= of an display apparatus a=rding to one err'bodiment of the 

present invention; 

IPR2020-01059 
Apple EX1002 Page 14



, 
7 

:L".,_J 
Fig. 2 is a cross section taken along the line~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 

5 EL display circuit; 

Fig. 5 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 diijgram illustrating driver circuits used in the display apparatus depicted 

inFig.1; 

1 O Fig. 8 is a diagram showing waveforms for driving the display apparatus; 

Fig. 9 is a sectional vifm of a display apparatus which includes cathode electrodes, 

an organic Et layer, and a dielectric film between the organic EL layer and the cathode 

electrodas; 
j 

Fig. 1 O is a .sectional vieN of a display apparatus having R, G and B wavelength 

15 range conv"eirsion layers; 

Fig. 11 is a sectional vifm of a display apparatus having R and G wavelength range 

conversion layers; 

Fig. 12 is a sectional vifm of a display apparatus having R, G and B wavelength 

range conversion layers and colorfilter layers; 

20 Fig. 13 is a sectional vieN of a display apparatus having color filter layers; 

Fig. 14 is a sectional vifm of a display apparatus having Rand G wavelength range 

conversion layers and color filter layers; 

Fig. 15 is a sectional vifm of a display apparatus having concave R, G and B 

wavelength range convt;rsion layers and colorfilters; 

25 Fig. 16 is a diagram 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 vieN of a display apparatus a=rding another embodiment of the 

present invention; 
12-rr 

J Fig. 18 is a cross section taken along the line lr-&shown in Fig. 17; 
l'f-/'I 

Fig. 19 is a cross section taken along the line,e-:e.shown in Fig. 17; 

5 Fig. 20 is a diagram showing driver circuits used in the display apparatus illustrated 

inFig.17; 

Fig. 21 i~ a sectional vieN of a display apparatus including a cathode electrode 

having a rough s4rface; 

Fig. 22 is a plan vieN of a display apparatus a=rding to the related art; and 

1 0 Fig. 23 is a sectional vieN of the display apparatus illustrated in Fig. 21. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT' 

Display apparatuses a=rding to embodiments of the present invention will now be 

described in detail, with reference to the a=mpanying drawings. 
j. . 

The structure of the display apparatus a=cling to one embodiment of the present 

15 invention wiir now be described with reference to Figs. 1 and 2. Fig. 1 is a plan vieN of 

that part of the displ9y apparatus of this embodiment which corresponds to one pixel. · ./ . . .,_-.)_) 
(I../ Fig. 2 is a cross section taken along the line 1'"=-K.shown in Fig. 1. In those drawings, a· 

reference numeral 1 denotes the display apparatus. That part of the display apparatus 

1 which is illustrated in Figs. 1 and 2 includes a substrate 2, an n-channel transistor Q1, 

20 an n-channel transistor 02, 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 through. Then-channel transistor Q1 serves as a selection transistor, while then

channel transistor Q2 serves as a drive transistor. 

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

25 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 aluminum 

(Al) orlhe like. The selection transistor Q1 has a gate electrode 4A formed in 
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integration with one address line 4. The drive transistor Q2 has a gate electrode 48. 

Anodic oxidation films 5 are formed on the gate electrodes 4A and 48 and the address 

lines 4. A gate insulation film 6 which is mace of silicon nitride is formed so as to cover 

the address lines 4, the gate electrodes 4A and 48 and the substrate 2. 

5 Semiconductor layers 7 A and 78, 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 4J\ and 48. Blocking layers BA and flB are formed on the middle portions of 

. · the semiconduct9r layers 7 A and 78, respectively, and extend in a channel widthwise 

direction. Ohmic layers 9A and 98 are formed on the semiconductor layer 7 A and are 

1 O 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? A which is dose to a drain, while the 

ohmic layer 98 is located on that side (the source side) of the semiconductor layer 7 A 

which is close to a source. Ohmic layers 9C and 90 are formed on the semiconductor 
. . . I 

layer 7E( and are isolated from each other at the blocking layer 88. · The ohmic layer 

15 9C is locate'a on the.drain side of the semiconductor layer 78, while the ohmic layer90 

is located on the source side of the semiconductor layer 7R In the selection transistor 

Q1, a data line 1 DA is laminated on and connected to the ohmic layer 9A located on the 

drain side, and a source electrode 1 OB is laminated on and connected to the ohmic layer 

98 located on the source side. The source electrode 1 OB is connected to a contact 

20 hole 11 formed in the gate insulation film 6 of the drive transistor Q2. In the drive 

transistor Q2, a constant voltage iine 12 which is set at a groLindpotential is laminated 

on and connected to the ohmic Jayer9C located on the.drain side, and a source 
. . . 

electrode 13 having two ends is laminated on the ohmic layer 90 located on the source 
. . 

side. One end of the source electrode 13 is connected to the ohmic layer 90, while the 

25 other end of the source electrode 13 is connected to one of cathode electrodes15 of 

organic EL elements 3. The gate electrode 48, the constant voltage line 12 and the 

gate insulation film 6 therebetween form a capacitor Cp. 

/D 
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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 400nm to 1200nm on selection transistors Q1, drive transistors Q2 

and the gate insulation film 6. Contact holes 14A are formed in those parts of the 

5 interlayer insulation film 14 which are located at end portions of the source electrodes 13 

of the drive transistors Q2. Each of the oontact holes14A and a oorresponding one of 

the aforemer:tioned end portions of the source electrodes 13 are located almost in the 

center of one pix~! area The cathode electrodes 15 which are made of Mgln or the like 

are patterned on the interlayer insulation film 14. Each cathode electrode 15 has an 

10 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 lines1 OA and the adjacent 

. . 

address linElS!-4. The selection transistors Q1 and the drive transistors Q2 are formed 

under the cathode electrodes 15. 
j. 

In the entire display area, an organic EL layer 16 is formed on the cathode· 

15 electrodes i 5 and the interlayer insulation film 14, and .a transparent anode electrode 17 

which is made of !TO (indium tin oxide) or IZnO (indium zinc oxide) is formed on the 

organic EL layer 16. A driving pow.er source (not sho.vn) is connected to the anode 

electrode 17. 

The organic EL layer 16 includes an el~n canylng layer, a luminous layer and a 

20 hole canying layer. . Of those layers included in the organic Ellayer 16, the electron 

canying layer is closest to the cathode electrodes 15, and the hole canying layer is · 

farthest from the cathode electrodes 15. The electron canying layer is made of . 

. aluminum-Iris (8-hydroxyquinolinate) {hereinafter referred to as Alq3). The luminous 

layer is made of 96wt"A, 4,4'-bis (2,2-<liphenylvinylene)biphenyl (hereinafter referred to as 

25 DPVBi) and 4wt% 4,4!-bis((2-carbazole )vinylene)biphenyl (hereinafter referred to as 

BCzVBi). The hole canying layer is made of N,N' -<li( a-naphlhyl)-N,N'-<liphenyl-1, 1 ' -

biphenyl-4,4'-<liamine (hereinafter referred to as a-NPD). The thickness of the organic 

II 
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EL layer 16 is on the order of 40nm to 250nm. 

The constitutional formulas of Alq3, DPVBi, BCzVBi and o:-NPD are shown below: 
------

1)) [Formula 1] 

,,< o\ 
, \ ) 5 . 

0 10 
ro 

. '.O [Formula 2] 
.\! 
i1i 
ru .1-i: 

J. 
"'.J 
j'. 

: i,;. 
15 !al: 

l'J ':. '* 
11:l [Formula 3] ',..j 

20 

25 

)L 

IPR2020-01059 
Apple EX1002 Page 19



J ' • • 12 

[Fonnula4] 

Q 
N 

0 
N 

5 

The organic EL layer 16 thus formed emits blue light upon the application of a 

1 O predetennined vo~e. 

When !he organic EL layer 16 belvJeen the anode electrode 17 and the cathode 

electrodes 1~ includes a luminous Jayerwhich can C8fJY electrons and which is made of 

·beryllium-bi5i(10-hyclroxybeinzo[h] qtiinolinate) (hereinafter referred to as Bebq2), and a 

hole canying layer made of o:-NPD, the organic EL layer 16 can emit green Jig,!. 

15 The cci'ristitutional formula of Bebq2 is shoM"l bel~ 

[Formula 5] 

I 
N ,, ·. ,, 0 ,,, ,,,, 

'Be 
0

.,. ,,, ,,, 
. IJI 

I 20 

N 
I 

In the display apparatus 1 of this embodiment, each cathode electrode 15 covers 

25 one pixel area surrounded by ttie adjacent data lines 10A and the adjacent address Jines 

4, and therefore each EL element 3 emits light over the entire!¥ of one pixel area This 

remarkably improves the aperture ratio per pixel in the display apparatus 1 of this 

I_) 
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embodiment over that of the convenfional active matrix type EL display apparatus. The 

cathode electrodes 15 are formed of Mgln which reflects 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 

5 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 Q~ and Q2 due to the photoelectromofive force is avoided. The light emitted 

by the 019anic El, layer 16 goes out of the display apparatus through the transparent 

anode electrode 17, without the light being absorbed by the substrate 2, etc., and 

10 therefore bright display is realized. 

The area of the interface between the organic EL layer 16 and the cathode 

electrodes 1 &is large: This permits the cathode electrodes 15 and the organic EL layer 

16 to be joined together in a preferred condition, and ensures to the display apparatus 1 
J .. 

of this embbcliment a luminous life improved over that of the conventional acfive matrix 
. . 

15 type EL display apparatus. The cathode electrodes 1.5 are formed on a flat layer 

having no steps, and therefore are fi"ee from the possibmty 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 1 DA Consequently, the slowing down of signal 

transmission, caused by a parasitic capacitance which would occur if the catliode 

20 electrodes 15 were arranged so as to overlap the address lines 4 or the data lines 1 OA , 

is prevented. 

When a layer like the organic EL layer 16 is subjected to a temperature higher than 

a glass-transition temperature for an organic EL material, its light emitting characteristic 
. . 

deteriorates considerably. In consideration of this, according to ttie display apparatus 

25 of this embodiment, the organic EL layer 16 is formed alter the selection transistors Q1 

and the drive transistors Q2 are manufactured by a heat treatrnert under a temperature 

of several-hundred degrees. The organic EL layer 16 is not subjected to a temperature 
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higher than the glass-iransition temperature, and therefore the deterioration of the light 

emitting characteristic does not occur. 

Toe organic EL layer 16 is thinner than an inorganic EL layer. Moreover, the 

thickness to which the organic EL layer is formed through vapor deposition using the 

5 organic EL material can be very easily cxmtrolled 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 luminance peak of the light emitted by the 

organic EL layer.16 (in other words, the wavelength of the most intense component of 

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

1 O easily come out from the organic EL layer 16 can 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 40nm to 50nm. In the case of an organic 

EL element which emtts green light, the resonance effect can be attained when it is 
I 

formed to the thickness of 50nm to 60nm. 

15 The drMng principle of the display apparatus accqrding to this embodiment will now 

be described. Figs. 3 and 4 are equivalent circuit diagrams showing that part of the 

display apparatus 1 which corresponds to one pixel. As shown in 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 

20 · controller Cv has a selection transistor Q1, 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 controller Cv is 

connected to the cathode electrode of the organic EL element 3. The drain. electrode of 

the drive transistor Q2 in the voltage controller Cv is grounded via the constant voltage 

25 line12. 

The voltage controller Cv can control a voltage so that the luminance of the organic 

EL element 3 varies in a=rdance with gradation data corresponding to image data 

;·( 
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which is input at the time of selection. AA address line 4 is connected to the gate 

electrode 4A of the selection transistor Q1, and a data line 1 DA is connected to the drain 

electrode of the selection transistor Q1. The gate of the selection transistor Q1 is 

turned on in response to a selection signal supplied through the address line 4. While 

5 the selection transistor Q1 is on, an image data voltage supplied through the data line 

1 DA is accumulated in the capacitor Cp. The capacitor Cp retains the image data 

voltage almo~ over 11i'ame period. The resistance in the drive transistor Q2 is 

controlled by the yoltage retained in the capacitor Cp. The organic EL element 3 emits 

light a=rding to written information, in other words, the retained voltage. 

1 O The electric characteristic of the organic EL element 3 will now be described with 

15 

20 

reference to Figs. 5 and 6. k. shown ir,i Fig. 5, the source-drain current Ids of the drive 

transistor Q2is shifted in accordance with a gate voltage Vg applied to the-gate 

elecirode of the drive transistor Q2. The source-drain current Ids of the drive transistor 
j 

Q2 becomes saturated when a source-drain voltage Vsd applied between the source 

and drain c:if'the drive transistor Q2 exceeds approxim~ely SV. k. 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 embodimelit, the luminance (gradation) 

of the organic EL element 3 is controlled by controlling the anode-cathode voltage Vac in 

a range of O(V) to Vdd (V). 

The souroe electrode 1 OB of the selection transistor Q1 is connected to the gate 

electrode 48 of the drive transistor Q2 through a contact hole 148. A writing/deleting 

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

line10A 

Driver circuits used in the display apparatus 1 will now be explained with reference 

25 to Fig. 7. k. 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 1 DA 

I~ 
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is connected to the drain electrode of each selection transistor Q1. Moreover, as 

sh01M1 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 Vnad having a ground 

potential is applied to the other non-selected address lines 4. In the selection periods, a 

5 writing voltage Vr a=rding to the luminance is applied to the data lines 1 OA The 

driving power source Ps continually applies the constant voltage Vdd to the anode 

electrode 17 . 

. The operation of the display apparatus 1 a=rding to this embodiment will now be · 

desaibed. 

1 O A gate driver circuit DC1 illustrated in Fig. 7 applies voltages through its terminals 

X1 to Xm to the address lin_es 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-
. J 

selectipn voltage Vnad to the other address lines. .Af. that time, a drain driver circuit 

15 DC2 appli~ 'the writing voltage Vr through iis terminals. Y1 to Yn and the data lines 1 OA 

to the drain electrodes of those of the selection transistors Q1 which are connected to 

the address line 4 connected to the terminal X1. In acrordance wilh the writing voltage 

Vr, a voltage of (Nto Vdd M is applied to those of the organic EL elements 3 which 

correspond to pixels P (1, 1)toP (1, n), and the organicELelemenl:s 3appliedwith the 

20 voltage emit light at the luminance (gradation) a=rding to the applied voltage. In a 

non-selection period during which the address line 4 connected to the terminal X1 is not 

selected, the capacttors Cp connected to that address line retain the writing voltage Vr 

over 1 frame period. Consequently, currents keep flowing into the drains of drive 

transistors Q2 and then into organic EL elements 3 over 1 fi"ame period, and those EL 

25 elements emit light over 1 fi"ame period. . In place of the selection voltage Vad, the gete 

driver circuit DC1 applies the non-selection voltage Vriad to the address line 4 

connected to the terminal X1. In order to select another address line 4 connected to 

(1 
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the tenninal X2, the gate driver cira.iit DC1 applies the selection voltage Vad to the 

address line 4 connected to the tenninal X2. In the same manner as that descried 

above, those of the organicELelements3which correspond to pixels P (2, 1) to P (2, n) 

emit light at the luminance a=rding to the applied voltage. 

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

keep emitting fight even while their corresponding address fines 4 are not selected. 

Accordingly, _even though the display apparatus 1 is designed to display a highly precise 

image, the lumirn~nce of the organic EL elements 3 need not be set high. For example, 
. . 

in order to attain a luminance of 100cd/m2at the surface of tt,e screen of a conventional 

1 O passive matrix type display apparatus, !he organic EL elements have to emit light at a 

luminance of about 48000cd/m2. However, in !he case of !he display apparatus of !his 

embodiment, :a luminance of. approx 100cd/m2suffices as the luminance of tt,e organic 

EL elements 3. 
j. . 

According to !he. display apparatus 1 of this .embodiment, unlike in the case of !he 

15 passive matiix type organic EL display apparatus proppsed conventionally, !he organic 

EL elements 3 can keep emitting light over 1 frame period, and the display apparatus 1 

can display an image without causing !he organic EL elements 3 to emit light at a high 

luminance, The display apparatus 1 oflhis embodiment can display a highly precise 

halftone image, and !he expressivity of the displayed image is improved. In order to 

20 vary a carrier potential at a high s~, a writing voltage which is applied to tt,e data 

lines 10A while the organic EL elements 3 are emitting no light can be set at a negative 

potential in a=rdance with an inaease in the number of address lines 4, insofar as a 

P-channel curreni is not adversely affected. 

Further, as.shown in Fig. 9, a dielectric film having a thickness of 5nm or less and 

25 which is fonnecl of at least one material selected fi'om a group consisting of Si02, Lif, Naf, 

Caf'.2 and Mgl2, may be provided between the organic EL layer 16 and the cathode 

electrodes 15. When a voltage having a predetennined value is applied between the 

(( 
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anode electrode 17 and the cathode electrode 15, electrons are injected fiom the 

cathode electrodes 15 into the organic EL layer 16 through the dielectric film 18 due to 

the tunneling effect. Aller the formation of, for example, the cathode electrodes 15 

which are easily oxidized, the dielectric film 18 is formed so as to cover the cathode 

5 electrodes 15 by a vacuum deposition method or the like. The cathode electrodes 15 

covered by the dielectric film 18 are not exposed to the air. A=rdingly, the electron 

injecting capability of the cathode electrodes 15 is maintained in an excellent condition. 

It is preferred that the dielectric film 18 be one which can be successfully joined with the 

cathode electrodes 15 and the organic EL layer 16 in a preferred state. 

1 O In the multicolor (full-color) type display apparatus 1 illustrated in Fig. 10, 

wavelength range conversion layers 52R, 52G and 52G, sandwiched between an 

insulation film·53 formed on the anode electrode 17 and a substrate 51, are provided in 

one-to-one correspondence with the cathode electrodes 15. A black mask containing 
J 

chromium oxide is formed in the areas corresponding to the address lines 4 and the data 

15 lines 1 DA ··n,e wavelength range conversion layers q2R have the photoluminescence 

effect of absorbing light which the organic EL layer 16 emits in a blue wavelength range 

and emitting light in a longer red wavelength range. The wavelength conversion layers 

52G have the photo luminescent effect of absorbing light which the organic EL layer' 16 

emits in the blue wavelength range and emitting light in a longer green wavelength 

20 range. The wavelength conversiDi1 layers 52B have the photoluminescent effect of 

absorbing light which the organic 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 blue light of a single 

color is satisfactory. The wavelength conversion layers 52R convert the blue light 

25 emitted by the organic EL layer 16 into red light, and emit the converted red light Toe 

wavelength conversion layers 52G convert the blue light emitted by the organic EL layer 

16 into green ligh~ and emit the converted green lighl The wavelength conversion 
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layers 528 convert the blue light emitted by the organic EL layer 16 into blue ligh~ and 

emit the converted blue light Therefore, the display apparatus 1 can easily display a 

full-color image. The areas occupied by the wavelength conversion layers 52R, 52G 

and 528 are set equal to those occupied by the cathode electrodes 15, and therefore 

5 the light emitting area of each pixel is not small even through the transistors Q1 and Q2 

are present This pennits the wavelength conversion layers to perfonn the energy 

conversion ~ efficiency. 

It is preferred, that a material having a refractive index which approximates to that of 

the wavelength conversion layers 52R, 52G and 528, which are in contact with the 

1 0 insulation film 53, be selected as the material of the insulation 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 ~elength conversion layers 

52R, 52G and 528 is small. 
J. 

The_display apparatus 1 illustrated in Fig. 11 includes the wavelength conversion 

15 layers 52R ~nd 52G. This display apparatus 1 displays a multicolor (full-color) image, 

using al> is the blue light emitted by the organic EL layer 16. 

· In the display apparatus 1 illustrated in Fig. 12, color filters 55R, 55G and 558 are 
. . . . . . . 

provided between a substrate 1 and the wavelength conversion layers 52R, 52G and 

528, respectlvely. Of the light incident on the color filter layers 52R, the light 

20 components 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 colorfilte~ layers 

52R Of the light ·incident on the color filter layers 52G, the light components in the 

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

components in the other wavelength ranges are absorbed by the color filter layers 52G. 

25 Of the light incident on the color filter layers 558, the light components in the wavelength 

range in which the blue light emitted by the wavelength conversion layers 528 falls pass 

through the color filter layers 558, but the other light components are absorbed by the 
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colorfilter layers 558. In other words, the colorfilter layers 558 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. 

The color filter layers 55R have such a characteristic that they absorb, of the 

5 incident light entering the wavelength conversion layers 52R !hrough the substrate 51, 

the light components in the wavelength range of the light by which the wavelength 

conversion l'o/ers 52R are excited (i.e., the light components in the same wavelength 

range as that in w)lich excitation light components of the blue light emitted by the organic 

EL layer 16 fall). Under this condition, the wavelength conversion layers 52R are not 

1 O excited by the light coming from !he 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 conversion layers 52G through the substrate 51, the light components in the 

wavelength range of the light by which the wavelength conversion layers 52G are 
j . 

excited (i.e'., the light components in the same wavelength range as that in which of the 

15 excitalion light components of the blue light emitted by jhe organic EL layer 16 fall). 

Therefore, thE! color conversion layers 52G are not excited· by the external light coming 

from the outside of the display apparatus 1. The wavelength conversion layers 528 
. . . 

em~ blue light in a blue wavelength rangEcl wider!han that of the blue light emitted by the 

organic EL layer 16. The color filter layers 558 have such a characteristic that they 

20 absorb the blue light emitted by the organic EL layer 16 but allow the blue light emitted 

· by the wavelength conversion layers 528 to pass through the color filter layers 558. 

Consequently, the wavelength conversion layers 528 are not excited by the external 

light coming from the outside of the display apparatus 1. 

· When the light emitted by the wavelength range conversion layers 52R, 52G and 

25 528 enter the colorfilter layers 55R, 55G and 558, light in narrower wavelength ranges 

than those of the light emitted by the layers 52R, 52G and 528 and having higher 

luminance peaks than those of the light emitted by the layers 52R, 52G and 528, come 

cl I 
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out from the filter layers 55R, 55G and 558. Accordingly, the color purity of light going 

outside the display apparatus 1 is high. The black mask 54 shields areas between the 

colorfilter layers 55R, 55G and 558 from the external light radiated toward those areas, 

and therefore the external light do not enter the wavelength conversion layers 52R, 52G 

5 and 528 so as to cause the layers 52R, 52G and 528 toperform light emission. The 

black mask 54 also prevents light from being reflected by the address lines 4 and the 

data lines 1 Of,. This ensures a considerably excellent display characteristic to the 

display appara!U$1. Since no light enters also the ~nsistors Q1 and Q2 by virtue of 

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

1 O transistors Q1 and Q2 does not occur. 

As shown in Fig. 13, the organic EL: layer 16 may include. a red EL layer 16R, a 

green EL layer 16G and a blue EL layer 168. It is possible to cause light emitted by 

those EL layers 16R, 16G and 168 to enterthe colorfilter layers 55R, 55G and 558, J . . . . 

respectively, and to come out therefrom as light having higher luminance peaks. 

15 In Fig. ·14, color filter layers 568 have such a characteristic that when the blue lig,t 

emitted by the organic EL layer 16 enters thE1 color filter layers 568, 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 568. Hence, without_ using a wavelength 

20 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 528 are provided in 

correspondence with the color filter layers 55R and 55G. 

The display apparatus 1 illustrated in Fig. 15 has wavelength conversion layers 57R, 

.57G and 578 each having a concave surface facing the organic EL layer 16. Even 

25 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 578, the most 

part of the reflected light is reflected by the cathode electrodes 15. The light reflected 
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by the cathode electrodes 15 falls on the interfaces between the insulation film 53 and 

the wavelength oonversion layers 57R, 57G and 57B at an incident angle different from 

the initial incident angle. Under this oondition, it is easy for the wavelength oonversion 

layers 57R, 57G and 57B to catch the light reflected by the cathode electrodes 15. 

5 Thus, in the display apparatus 1 illustrated in Fig. 15, the light emitted by the organic EL 

layer 16 enters the wavelength oonversion layers 57R, 57G and 57B without the light 

being wast9<:!. 

The display ~pparatus 1 ofthei above embodiment has the s)ructure shown in Fig. 7. 

However, as shown in Fig. 16, the positions of the anode and cathode electrodes can be 

1 O reversed. · In this case, the driving power source Ps oontinually !3pplies a oonstant 

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 
J. 

Figs.10to ~5. 

15 The str'i.icture of a display apparatus a=rding to i;lnolher embodiment of the 

20 

presentinventionwill now be described with refarence to Figs. 17 to 20. . Fig. 17 is a 

plan view of that part of the display apparatus of this embodiment which oorresponds to 
. ' . lf•/f;'° . 

one pixel. Fig. 18 is across section taken along the line13"::-B.shown in Fig. 17. Fig. 
if-/j . 

19 is a cross section taken along the line "J:}<C.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 a substrate 22 over the entire display area. A base insulation 

film 24, which is made up of a silioon oxide film and/or the like, is patterned on the 

grounded electrode 23. Formed on the base insulation film 24 are parallel address 

25 lines 48, which are oonnected each to one of terminals X1 to Xm oonnected to a gate 

driver cira.iit ( 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. 

IPR2020-01059 
Apple EX1002 Page 30



• 23 

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 

5 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 th~ upper and side surfaces of the second semiconductor layer 27. Toe 

blocking layer 28 and the second gate insulation film 29 are made of silicon nitride· 

and/or the like, and are fanned by a CVD method. . A source electrode 30 and a drain 

1 O . electrode 31 are formed on.tJi?tll sides of the first semiconductor layer 26 with respect to 
. . 

a gate widthwise direction so that the souoe and drain electrodes 30 and 31 are 

connected to the first semiconductor layer 26 (in Fig. 18, the source electrode 30 is 

formed on the right part of the first semiconductor layer 26, while the drain electrode 31 is 
l . . 

formed on the left part of the first semiconductor layer 26). The address lines 48, the 

15 first gate insUlation film 25, the first semicond~ctor 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 in Fig. 17 is patterned and fanned 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 

20 driver cirruit (described later). The source electrode 31 shown in Fig. 17 is patterned 

and formed in integration with a gate electrode 32 which aosses 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 patterned and formed in integration with a 

25 capacitor upper electrode 34 irduded in a capacitor Cp2. The capacitor Cp2 includes 

the capacitor upper electrode 34, the second gate insulation film 29 formed under the 

capacitor upper electrode 34, the first gate insulation film 25 and a capacitor lower 
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electrode 35. The capacitor lower electrode 35 is CXJnnected to the grounded electrode 

23 through a CXJntact hole 24A formed in the base insulqlion film 24. 

A sourca electrode 36 and a drain electrode 37 are formed on both sides of the gate 

electrode 32 of the seCXJnd semiconductor layer 27. The seCXJnd semiconductor layer 

5 27, the seCXJnd gate insulation film 29, the gate electrode 32, the sourca 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 sourca line 38 which is parallel with the data 

lines 47 and whic;t, applies a voltage for driving organic EL elements 39. The sourca 

. electrode 36 is CXJnnected to an EL upper electrode 40 included in an organic EL 

1 O · element 39. In the display apparatus 21, the selection transistor Q3, the drive transistor 

Q4 and the capacitor Cp2 form a voltage controller. 

As shown in Figs. 17 and 19, each organic EL element 39 includes a light-shielding 

EL lower electrode 42 made of Mgln andfor the like and serving as a cathode electrode, 
I . . 

an organic· EL layer 41 formed on the EL lower electrode 42, and a transparent EL 

15 upper layef .!ID made of ITO andfor the like and formed on the organic EL layer 41. The . . . 

EL upper electrode 40 serves as an anode electrode. 

The organic EL layer 41 includes an electron carrying layer, a luminous layer and a 

hole carrying 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 

20 farthestfi"om the EL lower electrode 42. The electron carrying layer is made of Alq3. 

The luminous layer is made of 96wt"Ai DPVBi and 4wt% BCzVBi. The hole carrying 

layer is made of N,N'-di( a-naphthyl)-N,N' -diphenyl-1, 1 '-biphenyl-4,4'-diamine (referred 

to as a-NPD). 

The organic EL element 39 is formed on an interlayer insulation film 43 which 

25 CXJvers the selection lral)sistor Q3 and the drive transistor Q4 and which is formed over 

the entire display area. The EL lower electrode 42 is CXJnnected to the grounded 

electrode 23 through a CXJntact hole 44 formed in the first gate insulation film 25 and the 

IPR2020-01059 
Apple EX1002 Page 32



• 25 

base insulation film 24. Of the area surrounded by a two-dot chain line in Fig. 17, the 

part except a projecting portion 40A is oovered by the EL lower electrode 42. The EL 

lower electrode 42, which is a rectangular electrode oovering the selection transistor Q3, 

the drive transistor 04 and the capacitor Cp2, etc., occupy the most part of the area 

5 occupied by one pixel. The organic EL layer 41 is a layer extending over the entire 

display area. The EL upper electrode 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 

oonnected to the ?Duree electrode 36 of the drive transistor Q4 through a oontact hole 

45, as shD'W11 in Fig. 17. The power source line 38 is oonnected to the driving power 

1 O source Ps which oontinually applies the oonstant voltage Vdd. 

Fig. 20 is a diagram showing driver circuits included in the display apparatus 21 

illustrated in Fig. 17. 

A drive method for having the display apparatus 21 of this embodiment emit light will 
j. . . 

now be described. 

15 . A gate "driver circutt DC3 is driven to output a selection signal to any one of the 

address lines 48. In 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, 1 scanning period during 1 frame 

period Tis TIN, and the selection signal has such a vottage value as.to enable the· 

20 writing voltage Vr exceeding the gate threshold value Vth of selection transistors Q3 to. 

tie applied to the address line 48 during 1 scanning period. Upon the application of the 

selection signal, selection transistors Q3 in Fig. 20 are turned on, and a voltage 

a=rding to the daia signal· output to the data lines 47 is applied to the gate electrodes 

32 of drive transistors 04, and is stored in capacitors Cp2. The capacitors Cp2 retain 

25 the voltage a=rding to the data signal over 1 frame period, and the value of the 

resistance in the drive transistors Q4 is oontrolled to a substantially constant value until 

the next selection period by the potential Ve retained in the capacitors Cp. In 

' 
2~ 
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a=rdance 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. fts a result, a 

substantially constant current flows through the organic EL layer 41, and the organic EL . 

layer 41 emits light at a supstantially constant luminanoe during 1 frame period. By 

5 repeating those operations, the display apparatus 21 can maintain the state of emitting 

light, and acoordingly the contrast in an image displayed on the display apparatus 21 is 

remarkably in,proved over the conventional passive matrix type EL display apparatus. 

Sinoe a current SLJpplied 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 

1 0 display with ease. If wavelength conversion layers and/or color filter layers are used as 

shown in Rgs. 10 to 15, the display apparatus 21 can perform full-color (multicolor) 

display as well. 

In the display apparatus 21 of this embodiment, the area occupied by each EL. 
I . 

lower electrode 42 is not limtted by the thin film transistors Q3 and Q4. Therefore, the 

15 ratio of the light emitting area to each pixel area can be. enhanced, with the result that the 

organic EL elements 3~ can emtt light at the desired l_uminanoe without the application of 

an exoessively high voltage. 

Sinoe the EL lower electrodes 42 ~ mad~ of a light-shielding material, the light 

emitted by the organic EL layer 41 does. not enter the selection transistors Q3 or drive 

20 transistors Q4 located below the EL lower electrodes 42. A=rdingly, 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 permtts the organic EL 'layer 41 and the EL lower 

25 electrodes 42 to be joined together in a preferred condttion; 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 
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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 electrode 23 formed over the entire display area is made of a light

shielding metal such as Al, and therefore can shield the light coming from the substrate 

5 22 and can make the light enter the transistors Q3 and Q4. 

In the embodiments described above, polyaystalline silicon can be used in place of 

amorphous silicon in order to form· the semioonductor layers of the transistors. 

However, amorp~ous silioon elements are preferable to polyaystalline silicon elements. 

In the above-described embodiments, impurity-doped silicon nitride films, which has 

1 0 a capability to catch earners and store a gate voltage, can be employed as the gate 

insulation films of the drive transistors. By thus conferring the voltage storing capability 

on the drive tr,msistors them.selves in addition to the use of the capacitors, the voltage 

storing capability of the entire cirruitry is improved. 
/. 

In the above embodiments, the transistors are MOS transistors. However, they 

15 may be bip61ar transistors. Due to the input impedanc;e of each of the selection 

transistors being set at a large value, the selection transistors have the effect of 

suppressing the amount of a.irrent flowing 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 oonnected to each se.lection signal line is large. 

20 A=rdingly, the amount of a.irrent which the organic EL elements require can be made 

small, and the life of the power souroe can be enhanced.· Similarly in the case where a 

data signal voltage 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 

25 those msistors being set at a large value. 

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

changes can be made without departing from the soope of the present invention. For 
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example, the cathode electrodes are made of Mgln in the above embodiments. 

However, a visible-light shielding material having a low work function and oontaining 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 rough . 

5 surfaces, as shown in Fig. 21. The cathode electrodes 15 having such rough surfaces 

can be formed using an Mg material doped with Pv;J. 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 int~rface between the organic EL layer 16 and the cathode electrodes 15 

is increased such that suooessful joining is attained between the organic EL layer 16 and 

1 O the cathode electrodes .15, ensuring a long luminous life to the organic EL elements 3. 

The display apparatuses a=rding to the above embodiments display images through 

utilization of the light emitted by the organic EL elements 3 only. However, the display 

apparatuses may indude liquid crystal display panels as shutters. 
j . 

In the above-described embodiments; the driving power source Ps CXlll!inually 

15 applies a c6nstant voltage 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 curren~ 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 a=rding 

20 to the above embodiments. 
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What is claimed is: 

1. display apparatus comprising: 

a sub 

active eleme which are fanned over said substrate and which are driven by an 

5 externally supplied sign · 

an insulation film fonn over said substrate so as to cover said active elements 

and having at least one conta . ~ . . 

at least one. first electrode fa ed on said at least one insulation film so as to cover 

said active elements, and connected t said active elements through said at least one 

1 O · contact hole, said at least one first electrO<lli being made of a material which shields 

visible ligh~ 

an electroluniinescerit layer fanned on said least one first electrode and 

including at lyast one layerwhich emits light in aooo oe with a voltage applied t6 said 

at least one layer; and . 

15 at lea~ one second electrode fa ed on said electroluminescent layer. 

b: · 2. "fhe display ap · in said electrelc, , ,i, ,escent 
lh~llt,A._, 

. . aAi alefial- . . . 

i· The display apparatus aooording to claim 1, wherein said at least one first 

20 
/. 

25 

electrode is fanned of a conductive material oontaining magnesium. . 

j ' ~play.apR?[alus aooordirig to claim 1, whereir:.-saia-at-least-ooe first 

electrode has a rough surface which is.i=Fiiact with-said electrol1:1f!'linesGeRtlayer .. 

, ff The display apparatus aooording to claim 1, wherein said active elements are 

a selection transistor which is turned on in response to an externally supplied address 

signal and a drive transistor, which is driven by a signal corresponding to image data 

supplied externally through said selection transistor while said selection transjstor is on, 

for controlling a voltage to be applied to said electroluminescent la~ection 

transistor and said drive transistor fanning a pair . .. 
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5 4 
fa The display apparatus a=rding to claim.e, wherein said at least one first 

el~e is a:innected to said drive transistor through said at least one a:intact hole. 

i'. The display apparatus a=rding to claimM wherein: 

said display apparatus further a:imprises a capacitor for retaining the signal 

5 a:irresponding to the image data externally supplied through said selection transistor 

while said selection transistor is on; and 

while ~id selection transistor is off, said drive transistor is driven by the signal 

retain?f:, in said ~pacitor. . · . 

. j( The display apparatus a=rding to claim 1, wherein: 

1 0 said active _elements are transistors forming pairs and arranged in a matrix pattern, 

~ 15 

one transistor of each of said pairs being a selection transistor which is turned on 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 corresponding to image 
. I. 

data supplied externally through said selection transistorwhile said selection transistor is 
. . ' . ~a,u.'.<t.,. 

on, for controlling a voltage to be applied to said eleclr()luminesoent !aye~ U 

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 

substra,te and being supplied with said image data; and 

20 . 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 said address lines 

and said data lines. 

J··The display apparatus a=rding to claim 1, wherein a constant voltage is 

appli~ to said second electrode. · 

25 f'. . The display apparatu! a=rding to claim 1, further comprising at least one. 

wavelength conversion layerform!3(:l over said at least one sea:ind electrode, said at 

least one wavelength conversion layer emitting light in a first wavelength range by 
' . 

3( 
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~ 
~ absorbing light in a second wavelength range emitted from saidfleclroluminescent 

5 

10 

. 15 

layer.ID· q 
%1. The display apparatus a=rding to claimJ.e;wherein said at least one 

wavelength conversion layer has a concave surface facing said at least one second 

electrode. (] . 
\I. vi 

..,11. The display apparatus a=rding to claim,.16', wherein said at least one 

wavelength conversion layer has at least two of a red conversion layer which emits light 

in a red wavelength range, a green conversion layerwhich emits light in a green 

wavelength range, and a blue conversion layerwhich emits blue light 

j · The display apparatus a=rding to claim 1, wherein: 

said display apparatus further comprises at least one filterfonned above said at 

least one second electrode; and 

light lays in a first wavelength range pass through said at least one filter selectively 
. I . . 

when incident light rays in a second wavelength range including said first wavelength 

range ,e,rrefsaid at least one filter. . t~ .. 

JR The display apparatus aooording to clai~ 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 wavelength range pass through, 

and a ~filter which makes light in a blue wavelength range pass through. · . 

. J)( ·The display apparatus a=rding to claim 1, wherein ta1cPe~uminescent 

layer has a thickness whose value falls in a rang~ of wavelength of l~ht which said: j .,,,,., c_.. 

"61ectrolu;,,inescent layer emitl'? '· · · . 

16. A display apparatus mprising: 

a substrate; 

selection transistors formed over said s · 

arranged in a matrix pattern; 

drive transistors fanned over said substrate and arrang 
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said drive transistors being connected to one of said selection transistors; 

address lines connected to said selection transistors and through which a signal 

for tumi on said selection transistors is supplied; 

data !in connected to said selection transistors, a signal which corresponds to 

5 image data being upplied to said drive transistors through said data lines and said 

selection transistors ile said selection transistors is on; 

an insulation film over said substrate so as to cover said drive transistors, 

said address line;; and said lines, said insulation film having contact holes formed in . 

correspondence with said drive nsistors; 

1 O first electrodes made of a mate · I which shields visible light, and formed on said 

15 

20 

insulation film so as to cover said electi nsistors and said drive transistors; said first 

electrodes being arranged in a matrix patte . areas surrounded by said address lines 

and said data lines, and being connected to sai rive transistors through said contact 
j 

holes; 

an eliictroluminescent layerformed on said first el 

one layer which eniits light in a=rdance with an applied vo 

es and including at least 

e· 
' 

a second electrode formed on said electroluminescent Jay 

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

IH"ies-meacleJ'1ice:-~r-_,... -lines in sequer tee, and 

a second driver circutt for supplying said image da~ ~ said data lines. · 

J1, · The display apparatus a=rding to daim % wherein a constant voltage is 

applied to said second electrode. 
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ABSTRACT OF THE DISCLOSURE 

Selection transistors and drive transistors are formed in indMdual pixel areas on a 

substrate. Cathode electrodes which reflect visible light are formed above the selection 

transistors and the drive transistors so as to cover the pixel areas, with flat insulation 

5 films between the cathode electrodes and the selection and drive transistors. An 

organic EL layer and an anode electrode are sequentially formed on the cathode 

electrodes . 

... 
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.G{""f, ELtv,:,) .-:fl;::J:IJ ~·-:, ~"<"~1J9'.7...ffeJ~;J\Jvl.JiltTGEL.ffe 

ami;::OOTG, 

[0002] 

[ 1Jt* 0) :fsHftr] 

1Jt*· grn%•ffe•r--e.!iiG.:!IE L•rl F'Y ~"<" ~ 1) 9' .7,.:fkl;::ffillftLt;:.• 

ffeMMiJt~~n-rv,Q, ~O)-ffe8lftc'li. n'J- F, .7.."f-"1'>'5-1>' C~Jia 

a-OIJJ) l::I"E>'5-1>'tl,, ITO (indume tin oxide) c'7.i!GY/-F· .7..:\'

"1'>'5-1>'17-J5-1>'tL. ~®7-J5-1>'.CEaffl1J'J-F~fiM 

M~c'-~Cl:IJmL-r. ::i=c::;5,1::;t7-J5-1>'t~a~TG8:$3-®·ffiE 

L~rl~Jl!l@!?j{)))g~ L "riW~ t•ffe L "r •'G, LiJ' L. ~O)J:? 7-i!•ffeMJ'if!;::;!b 

~-rtt. ::I"E>'5-1'>'t7-J5-1>'t~a~TG8:$3-®·ffiEL.rl~Ea 

)))li\!f!J L "riW~l-ffeT G J:? 1;::7-i!~ "r •'G ~b1.l. ::i=c >' 5-1 >'~a3 J: '()(7- J 5 

2 llifillf'#-'120 9 - 3 0 8 8 9 3 7 
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0 1/'ff:ijl 8-331388 

-1 ::,,~;If~< ~ G 1;: L, t::. ;I}"'.) 't, 1 OO*~ t::. IJ O)~fR~lffl ( 7.:1-.,=- 1' H) ;IJ'l'ffl 

< 7J: IJ, ~ff-~11 t. 1., 't &,.~)lljl~R~f ,5:::: t. 7J'1:~ ~ ~\ c: ~\:, lfflml#,,;IJ,;!b Q. 

:".'. 0) t::. /t.J, 1 00*§ t::. IJ O))llj!~ RiWi/t.J G tc:./t.J !;:;(i~ E L *CJ-1;:~piJU't G fflEE R iWi 

< T G i:'..;/i~E L)ifOJ~f~~~F~:3'£!~7t (:5t-t, .7,.~,y 1') ;/Jt}lx;~ L,£ < ~Q ~ 

c: 0 lffl ml ;Ii~§: -t Q • 

[0003] 

:::OJ J: :i ~lfflml!;:M7!11.,t::.*iR~llt. 1., 't, 00*~1;: 2 -:::i0)$Jll,i; 1' 5::,, ~7' ~ 

'(J;i r, T F T I:'.. ~' :, ) ~ ~JldJ.ft bit't ~,llx; L, 't ~ imi* 1;: )t "E 1J '1:1 R 'El t::. it t::. 'El 

0) ;IJ,:flE~ ~ ti, 't ~' G. :".'. 0) 2 '? 0) T F T 0) :, '!:,, -:1.i lil!UR ]-, 7 ::,, V 7' ~ 1:' ;lb IJ 

, f&:1.ili)t =c 1J 1' 5::,, V :7. ~ t. L, 't' OJ~iW R-ffli.:t 't ~' G. ~ 0*7.R~1ili, i/5 

7'~;fli(J:(7)~@*$l.~1;: :".:ti, !:i 2 '? 0T F T;/Jt~}lx;~tl,, ~iffii*$l.~!;:;IS!t 

GT F T;ll~,llx;~tl,"(~\7J:~\$J•1;:, JiliH1', aa_g~y }- F'fflti, ;/i~E L}if, 

;z-aa.n~n Y - F'fflt1;1J,flt!i a nbl\\\:}lx;t. ~ "'.) t ~' Q. :::: 0*iR~J11;: ;13 Pt 1;1: 
I 

, ~a- t.iE?L I:'.. 0)¥.j'.*,f/i';!;: J:: IJ ~1:-t GmiJii!.r.*Jv:¥-1;: J: IJ ·~E L Ji/;/J'~* 

TG~:ffi:!;:~"'.)"('~,G. T~tJ'!:,, fflEE~P:fJU~!;:, 7.;- i'fflti;IJ,e,iE?[.;IJI, ;iJ 

Y-F"fflffi~!:iffl~~ ~t1,~t1,;/i~ELJif~ttAat1,G:".:i:'..~~G. ::::::::1:, 

~¥1J7ttA •• tt, 7J-F'fflti0-1'~::,,~~.,=-::,,~¥~ :iJY-F'fflffi0• 

~~iftl:f.7 (tf::/Jl'.lffl~) !;:,ati3'L,'t';IS iJ, ~-v 9 YttA••1;:,a!i1S)'t-5~:3'£-·R 

f/i.JJ: 't Gt::. /t.J, 7J Y- F'•t11;: !i-11\;tf:·~~(7);[:i~;IJ,~fR a ti, 't ~' t::.. L, ;/J' L, ~ 

;IJI e,, {1\;tf:·jffl~O);f:.it~!;I:~ if*~ ry .l:.·O)~~;/J' e, ~G ft./)), ;/i~ E L)if;IJI~ 

:3'£'"t-5:3'£~ML,RftttR•L,tS9, :./i~ELJifttB~tJ:IT0.07J-F'ffl 

;fi{J(IJ;IJ, !:i~;fliR:fr L, 't~3'f.'t G J:::, ~ffl:;ij[!;:~ "'.) 't ~'G. ij:;Js, J:tlii L,t::.J::, 1;: 

, ~J'/;T G;/i~ E L Jif l:l: 2 '? (7) T FT ;IJl~,Jlx;~ tl,i::.$l. /:'..lj!ilffi'lf.Jl;:!J!iJ: e, ~ ~'i!ftl 

11 I:'.. iJ: "'.) "C ;IS IJ, *iR:Y£;1JI T F T "'-AitT -5 (7) R llf;.If:. T G J:: ? i!ft!J.i ~ ti, 't' ~' G. 

:".'.O)~m~, TFTA.3'{;~Aft'tGi:'.., TFTOJ~-V*~ffl•~~-~:Ytii!ffl:f.7 

;/JI§:;~ 't~l/Jf'F 'a: 5 [~,al:".'. 'tlfflml;/JI~§:: T G ;IJ, !:i 1:' ;lb G. 

[0004] 

r~aE;1JIMil!: 1., J:::, t. 't Q ~mlJ 

L,;IJ, L,~;IJI b, J:ru\ L,f::.*ff-~-fl<:'l;I:, ~00*(;:;IS~\"(~J'/;'a:,a\:".'. 't$Jl.;IJI 2 

3 ili~/f'ff:ijl09-3088937 
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,, 

0 %1]1 8-331388 

-:>O)T FT 111&~,fti.l'i~l::::~K~att,7., ft~. iiliiii!H.l'i~I:::: ~~7.ift:l'GfJ'i~0)1'l!J~ ( 

lffl P*) tiffl; ~' t ~'? r,11/1.!i;l/*l'f I:> :h, t ~' ft. ll: ft. ;ff~ E L )17:ft§; L, t::.% l:l: 

• #5 7-l!;;t&~ -'f O)J: 1:::: ~,ox; a ihft if- 1-M~Jmt.i: l:I:::: J: I) !Qk!& a :h, t ~il\\\t' 7-> 

ft~. #5 7-ill!ilf&iJ'; mt.ta ;tt, 7.i ~mJ'G0)1f.~~•*~:fJ*iJ'fi£ < t.i: 7., t.,:iJtrnma ;tt, 

t ~' ft. ~ :h, I:> 2 -:> 0) lllf /1.!ii!.1:::: J: -:it. ~m~ll:iJ>i\iliffi*BJftt' 7., !:I: I: lffl p;;filiJtf.[£ 

rt., -rm~O)ilifllf!'. lffl-7.i ~ t iJtlz!!!JtH:::: t.i: 7.i t ~'? lllfllliiJ'® 7->. 

[0005] 

~ O)ftaJ.JiJ,ffili<Jc t., J: :i c: t- 7-> ID!!/1.!il:t. ~ooirn~:5.tO) lffl i:r;;f!l I ilili < t- 7-> ~ c: 1:::: J: 

IJ lliiR:YGilill!!'. ll7t1*t- 7-> ~ c: iJ,1: a 7-> t c: :ti 1::::. ililiffi*Jllft t., t :ttM!Jtffl:f.70)~1Jo 

131lHfiIT1." 8. L, iJ, :tRJ\5~~0)~ ~,~m~-fi': 14!7.i 1:::: l:l:. l: 0) J: ? t.i:-=¥.®: I Ill t 

ih It J: ~' iJ' t ~'? ffil::: "1> 7->. 

[0006] 

[IDl!/1.!i lffili<Jc t' 7., ft Y.> O)=.p.®'.J 
I 

•-•1E~O)•~~ a&J:~&n1:>ih.!E•5-1~&~••5-1~~• 

Maihft.7-.-fo/+~if•~c:. 7--1o/+~if•+O)J:$~&n1:>ihftM1ffl& 

Ml fflaJ:1::::&lt 1:,tt,, •9it1::::z tt:l'GIR:l'Gt'7.iffl9itft%Ji&~il!J'Effl9itft:l'G 

JiJ:~&n;~ MEffl.R:l'GJi<7J:l'Gl~il\\\t'7.>M2ffla. l;fit-7.>R:YG•+c: 

• iJ, 1:,i",J!,?;, ~ t llf'#~t L,t~,7.,. 

[0007] 

•*•IEt\lO)ft~~~tt,~ R:YG•+O)ffl9JtR:l'GJi~ffl9it~ZttRJ\5t'7.i 

3151. ••R315Jil#Uv<-'f.i:7.i. r$1::::.7--1 o/+~~·-~iJ,&lt 1:>ihftM l ffla 

tM2•a<7J?~. M2•a0)$~1:>ilit.tat7.i~t~1."87.>0)1.", 7-.-fo/+~ 

tr•+1::: ~ 1J lfflP;;f!l 1g < t- 7., ~ t t.i: <. ~m* IR:Y6t' 7-> ~ c: iJ,<-' a 7->. 

[0008] 

·-·2E~O)ft~~. 7-.-fo/+~if•+~. M~Jlltl~L,tooEMifflat 

·~,n2itl,t~,7., ~ t llf'#~t L,t~,7.,. 

[0009] 

·-·31!tlt\l<7JRaJ.J1:t. 7--1 o/+~9'•+1:t. miE!E.5-1 ~&~miE •• 5 

-1~~••aihft~fiI-5~V.7-~t.ooE~fiI-5~V.7-J~••att,ft~~ 

4 ili~!f'#:i]Z09-3088937 

IPR2020-01059 
Apple EX1002 Page 91



! ' 

0 

,, 

!fif-¥ 8 - 3 3 1 3 8 8 

I- 5 ::; ~ .7- 51 t. , ;IJ, G 7d: 7-> .::: t. R /fifm t. t., -r ~' 7-> • 

[0010] 

•*JJl 4 E"O)ftllJHi, :i~tfR !- 5::; ~ .7- 51 Ii, mf1ftljE:/i5-1 ::; 1:MR;n ~ tLt: 1' 

~-1::;ffl.t.,ITTIEM•:;;-1::;KM~~~t:if-t-ffl•t., ~-~Mt., R•T 

7-> ¥i:D; 1' 5 ::; ~ .7- 51 'Z: "1> IJ , mfftl!Jl~ll!b I- 5 ::; ~ .7- 51 Ii, mflitlit!R I- 5 ::; ~ .7- 51 0) 

Y-.7-ffl.l:•l/in~tLt:if- f-ffl.t., ITTIEffil ffl•1:•R;n~~t:~-.7-ffl•t. 

, ~-~Ji t., R.T 7->~fili; 1' 5::; ~ .7- 51 'Z:"1>7.>.::: t. R/fifW:t. t., "[ ~,7.,. 
[0011] 

•*JJ{51ftl"O)ft~tt, H%•+tt, vt-U~.7-«l:•B~-~~.ME.7--1 

-.:,:f-::; ~·•+1;1:, ITTIEH%•+0)r1n:4}k~-~ ti, -r ~,7.,.::: t. R!fifW: t. t., -r ~' 
7->. 

[0012] 

•·*JJ{ 611tl"O)ft~ Ii, ffi 1 ffl. Ii, ,W~fili; R 1)- t., -r ITTIE~:fR I- 5 ::; ~ .7- 51 & 
I 

Z)(mfE!Jl~ll!lJ I- 5::; ~ .7- 51 O)J::til:~tt G ~. ITTIE.W~fili;l:aft'.11 GtLt: ::i::; 51 ~ 1' 

;fl - Jv R 1)- t., "[ mfftl~ll!b 1' 5 ::; ~ .7- 511: Ml/in~ ~ t ~' 7-> .::: t. R !fifm I:: L, T ~, 7-> • 

[0013] 

9*JJl 711tl"O)ftllJHi, ffi 1 ffl• 1;1:, ffiJ'f.H%Ji O)ft%T 7-> :)'(; I:: llil tflilffe:~O) 

%KML,RffttR.T7->~Y-1'ffl.'Z:"1>1J, ffi2ffl.tt, fflJ'f.H:)'(;JiO)ft%T 

7->% I:: llil ttlilffe:~0):)'{;1:M t.,~~·l!E R•T 7-> '? J - Fffl•-z: "1> 7->.::: I:: R!fifm t. t., 

:::O)t:.~, ffilffl•~efr•00BO)ffl•MRR~fflT7.>.:::c:~-z:a,H:)'(;• 

*Rf/;JJ:'t7.> I:: /:::ti:, fflJ'f.HJ'GJiO)ft:)'{;T7.>:l'6iJ,.7--{-.:,:f-::;~·•+1:Alt't7.> 

::'.:.i::RWS'Z:97.>0)'Z:, .7--1-.:,:F-::;if•+~O):)'{;.AffKJ:7.>all!b~RE~'t7.>.::: 

t. 7J'<: 9, .!lltlf ld:·./t~ff-RfJ':, .::: I:: iJ,-z: 9, ~ GI: 7--1 'Y :f-::; tf•+0)5'f.%1: 

J: 7-> t, G-:J ~7J'ld: ~'O)'Z:ffi11i•f!E;1J,f/;JJ:T 7->. t t:., fflJ'f.H:l'6Jil/O)ftJ'6't 7-> :l'6 RR 

ff t.,, ffi 2 fflffi{J!IJI: lliffT 7-> 0) 'Z:~ff-·.ltl<:li*n' J: ~,. 

[0014] 

9*JJl8E~O)ftgtt,~:fRf-5::;~.7-51tt, ITTIEffl.5-1::;~GO)mfEfflJ'f. 

HJ'6JiO)ft:)'{;•.1t~-51K~tt:M•fflffiK~tt:ffiffiRITTIE~ll!bf-5::;~.7-51 

5 lli~/fif-¥09-3088937 
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,', 

() ~!J! 8-331388 

1;:J,p1Ju't Q i,. 5::,, ~ .A ;i-r i!b 1J, lliiiin.lml/J i,. 5::,, ~ .A ;i 1i, 1ruia~**-r0J?~OJ 

~#Ufflltl!* "l:mfiin~3'6ilil!.!fET- ?I 1;::µ1,; t f:: •EE ~ooEm 1 .;f.!rn;::~p1J[i l,iHt oQ J,. 

5 >' ~ .7. ?I "l: iii, Q .:'.: i:: ~ ~j!lj; i:: L, 't ~, Q • 

(0015] 

~:,Jt)J( 9 El!GOJ~ HJHi, ~fR J,. 5 ::,, ~ .7. ?I Ii, t~:itl&ltl! 1;:: lliiiin9 ~ 5-1 ::,, iJ, i:, 

•*•EE*mwanwa~~•rm~•E•~5-,::,,~;•a~~•EE*mwan 

Q.:: i:: ~~j!lj; i:: L, 't ~' Q. 

(0 0 1 6) 

jjj:,jt)J(l Oi/nl!GOJ~l!§'li, -~~W;Jili, ffl~l;::J;l,;tt~3'/;T<Q,fi~:r.v~ J,. 

011t~ :l\o/-e>'.7.Ji"l:ilb.5.::i:: ~~mi:: t.,t~,Q. 

(0017] 

[~HJ.IOJ~;&fgOJ%11.U 

~ r, .:: OJ~HJ.11;:: f*Q*:i.K~ll:OJ~ii!lf R ffi!!Jliil;:::i.K't~~;&fg%J'l;\H;::~:5 ~' tBPJ.I 
I 

T<Q. 

(0018] 

(~Mg%~ 1) 

ll: i', ffi!/ l jS.J: V:ffi!/ 2 RJti ~''t*~aJ.11;::f*Q'*:i.K~iftOJ~;&fg%~ 1 OJ.JiltRB 

HJ.IT Q. ffi!/ l li*~;&fg%1itl.OJ*:i.K~ilOJ 1 i@*'S~:$:t ~:i.K't!J!Jliiffi!/"l: iii, IJ, ffi!/ 2 Ii 

ffi!/ l OJ A- A t/!Jilliiffi!/"l: ilb.5. ffi!Jq:t l li'*:i.K~il R:i.K L, 't P oQ. .:'.: OJ'*:i.K~il 1 Ii 

, ffi!/ l ;F.).J: !1ffi!/ 21;:::i.K't .J: ::> 1;::, ~f*i:: L, tOJ;tJ5 .7.~:t'ii 2 OJ ... t.1;::, n 'r-V ;j\JJ., 

OJ~:/R J,.5::,,~.7.,1Q 1 /::, n'f--V:J\Jt,O),li&l/JJ,.5::;~.7.,1 i:: l,'t)t'c lJ J,.5>

~.7.?1 Q2 i::, 11~E L*-1-3 ~i::iJ,%Jiltan-r•.i,x;an-r~,Q. 

(0019] 

A•B~-.6.ltRBl!§''t<Q/::, ~5.7.~:t'ii20J~~-~~7JJ.,~=~A(Al) 

"l:~,Qif-J-.1-~JJ.,~*~;i-=::;ifan-r,m~~•~m~-r!J!ff~~••m 

~ ~'t~~O) 7 F' v .7.fJi!4 i::, .:'.: OJ 7 F' v .7.i'M!4 1;::-{l!l:ft~, ~:JR J,. 5 >' ~ .7. ?I 

Q l OJ if- J-.a~4 Ai::, 1- 'c lJ J,. 5::; ~ .7. ?I Q 20)if- J,.ffl~4 B /::, iJ,%Jilta 

n-r~,Q. t.i:;Js, .::ni:iif- i,.a~4A, 4 B;Js.J:"()(7 F'v.7.fJi!40J'*llii1;::1i, 

~~lllHtHl 5 iJ,%.i,x; ant~' Q. * t::, .::n; r F v ;(.i'M! 4, if- i,. •~ 4 A, 
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0 lf'#3J2 8 - 3 3 1 3 8 8 

4BS~0#5A&&20x~~.~~~l)~::,,~~Qij-~M~~6~••a 

;ti,t,,Q. a 1:>1::. if- ~m•4 A. 4 B0x1J0ij- ~1W!~~s. if- ~M~ 

~ 6 A0xl::l:;J:. Y"!:J!,7 7 A~ IJ ~::,, ( a - S i) <:~7.>*•fl!l;JI 7 A, 7 B 

;1J,1~ ?C - ::--•• a ;ti, t,, 7->. ~ it. .:t;ti,-:f ;ti,w¥•fJll:JI 7 A. 7 e 0 i:f:r:J!!:1:: 11. 

7"'17 ;j\J!,l[Jjlj)'Jf/UI;::~-:, t••a ;!1,it 7·0 'Y "f::,, !lJI 8 A. 8 B ;IJ, •• a ;ti, "C v'Q 

• .:tLt. ¥•fJ!l:Jl7Awx~~. 70'Y"f>'~JlsAx-r:Y-AatFv4::,, 

a1:::B-fta;ti,it::t- ~ 'Y !7 JI s A. s A;IJ•. ••a;ti,t,,Q. ff!l1J. ¥•fJ!l:JI 7 

B (7.)xl:: I:;!:. 70 'Y "f::,, !lJI 8 Bx<: Y- A at F 1/4 ::--a1:::B-fta ;ti,it;t- ~ 

,y '.'.7 JI 9 B. 9 B 7J'. ••a;ti, L V,Q, a!:> 1::. :@m ~ 5::,, ~A ?1 Q 11;::s,,t 

I:;!:. J-'t,,4::,,aw::t-~ 'Y'.'.7Ji9Al::ff!Jia;ti,t.MTQT-?11n!i!l OAt. Y 

-,A•(7.)::t-~'Y'.'.7Ji9A~ffl)ia;ti,tMMTQY-.Am•10Bt. ~--a 

;!1,tv,Q, .:::0Y-AtltfiiU OBI:;!:, ;l."!:IJ ~5Y~A?CQ20if- ~ffla4 B 

l:::MLt. if- ~f,(!!~~ 61::Jffli:r Lit~>'?I !7 ~;i,-JI, 1 1 ~:1)-L,t•Ma;ti,t 

,,Q. ;1.=c1J ~5>'~.A?CQ21;::;13,,t11. Y-.Aa0::t-~ ..Y'.'.7/i9 Bl;::ffiJi 

a;ti,t.Mi"'QGND1Ji!l 2 t. -)lf/J;/JtFt,,4::,,.(7.);t-~ 'Y'.'.7Ji9 Bl;::ff!Jia 

nt•ML,tff!lilf/J~·ffiEL.*3(7.).ETQnY-Fffla15~••TQFI/ 

4 ::--ma 1 3 7J'••an t ,,Q . .:::0 ~ :i ~~!R ~,::,,~A~ Q1 t ;1. =c 1J ~, 

::,, ~ A ?I Q21:: .:fflEEifirrjaj)~~;IJ,:fll.a;tL t v, Q. 

[0020] 

?j(I::. *ffiE L•*3 (7.):/11.~ajtffJ.!TQ, ii'. xELit~m ~5Yti.A?I Q 

1• ;1.=c!J ~5>'ti.A?CQ2t.,~Oif- ~M~~60xl::. ~:i.K~Ml0~5.Rft~ 

:@:~l::lii.-:, t. MffflM~~ 1 4 ;IJ,~ffta n t ,, Q • .:t Lt. xE L it;1. =c 1J ~ 5 

>'ti.A~ Q2(7.) F 1/4 Yffla 1 3 WilfiiHl~x(l.)Jir,IJM~~ 1 41;::~::,,,$( '.'.7 ~;j;-J!, 

1 4 A;/J'•• a ;ti, t ,,Q. ~ s. ;1. =c lJ ~ 5::,, ~A~ Q 20 F 1/4 >'ffl;fi 1 3 0 

ilf/Jf!~I:;!:. 1 ii!ii•i.l'i~(l.)~$:J!!:l;::fil:MTQ ~ :> 1;::~~antv,Q. "'fl,"(, JlffflM 

~~140x~. -~~Mgln~~QnY-Fffla15~~~-::,,-dant 

,,Q • .:::0nY- r'ffla1 51:;1:. 1 ii!ii•iI~0x$:B-~!t:i ~:i~iilffffls~a• 

:!Ji; C::i.J;:~h'fii•:fltj-r:1:;1:~IE1J•) ~•Lt,,Q. ~s. *~Ml•1i».1::s,,t1:l:. n 
Y-1-'fflal 5;/J\ :ffi~·TQ'i"-?1,rJi!l OA. 1 OAt:ffi~·TQYFvA~Ji! 

7 !fl ID.E~3J2 0 9 - 3 0 8 8 9 3 7 
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() !fij'3j! 8-3 3 1 3 8 8 

4 • 4 c '<: lffl it ti, G tl~ ( 1 ii!ii•tl~) ~ IIIP.1 :> J: :> 1:•Ji)t ~ ti, -C ~,Go ::: ::: '<: 

• ~:fR I- 7 ::,, ::J A ~ Q 1 c >l "E 9 I- 7 ::,, ~ .A ~ Q 2 ~ 1:1:. :lJ Y - r'ffl. 1 5 '<::@: ii!ii 

a31:/,l;btl, -C ~' Go 

[0021] 

:::©J::,~. ~ii!ii••~~~-::,,•Jilt~:nt=:lJY-Ffflffil5. SJ:~-~~ 

~Jllt; 1 4 ©..ti:. ;{ij~E L. 1 6 ii~7.Rilfi~:@:~1:li-::i -c•/ilt~ ti, -C ~'Go ~ 6 

1:. ;{ijfiE L• 1 6 0..t.1:1:1:. ,laJj:tJ: ITO (indume tin oxide) '<:7J:G 7 J -

Fffl• 1 7 ;IJ,~7.Rtl~:@:t\H:li-::i -c•Jilt~ ti, -c~,Go :IJ:S. ~7.R L,:!J:~,iJ\ 7 J 

- Fffl• 1 7 ©ftif~;g~1:1:1: • .!Jltl/Jffllw.iJ,:fj1~~:n-c~,Go 

[0022] 

::::::'<:. :ifi:~:M!i-:ft\l©~7.R~ffltl ©f'Fffl · ~:h:IIH:·::H,-cJmaJJTGo ..tm!L,t=• 

/ilt'<::IJ:G;ifi:~:M!i-:PJ.©~~~il: 11:s~,-cl:I:. :/JY- Ffflffi 1 5 ;/J\ *§~:fj1TG 

'r-~*ll OA. 1 OAcffi~:fj1TG7FVAf..a!4. 4 c"<:ifflit:nGtl~ (lii!ii 
' ~HI~) ~111/HI:> J: :> 1:•Ji)t~ ti, -C ~'Gt=~. ;g~E L•-=.r 3 1:1: 1 ii!ii•tl~©lifll 

:@:~1:li-::i-CR:Y6~fi:> :::ciJ,°l:~Go :::0tc:.~. :ifi:~:M!i-:ft\l©~iR~il:17:1:1: 

• 1ii!ii•§t=1J0r.1Ji:r1¥~ffl:Jiia31:~~G:::ciJ,-e~Go itt=. :lJY-Ffflffil 

5 iJ,f6/itM¥-I: ~1iiT GM g I n '<:·/ilt~tl, -c~,G t=~. :lJ Y- Fffl• 1 5 c 7 J 

-Fffla17c©~~~!l!/Jfflffi~~-~:nt=a~~.-~EL.1B.:R~L,t= 

~7.R:Y6 l:I:. r:1:f (:lJ'7 .A.;/& 21Jli/) 1:t\itl,G ::: c :IJ: < 7 J - Fffla 1 7 j){!fl;: IBM 

~ :nG t=~. ~:fR I- 7::,, ~A~ Q l SJ:~ >l "E 9 I- 7::,, ~A~ Q 20~,M:Pfi;. 7 A 

• 7 BA.:;fJH::YoiJ,AMTG©~llfHl::TG::'.'.CiJ,-e~Go :::©t=~. ~ J-5::,,~ 

A~ ©:Y6re!ffl:i.J I: J: G ~!l!/Jf'F ~ IEJ~T G::: c iJ,'<: ~Go it t=. ~7.R:}'61:1:. ,l11J.! :IJ: 

7;-r:-11a17~6IBM~:nGt=~. :/J'5.Aaa2:1J:~~J:9:Yoau~:nG::: 

c iJ,:!J: <. l$J.lf © ~~ ,:ff(::ft\l-e IBM~ :n Go 

[0023] 

?'kl:. :ifi:~:M!i-JilJ.©~7.R~fflt 1 ©.!J~!l!/J}.ff(l'!~Jmaf!TGo iti". :ifi:~:M!i-:ft\l©~ 

iR*-'f 1 0 1 ii!ii·;g~:5-t ~ ~ 3 SJ:~~ 4 1:7.RT~-/illilE!Jm~ ~ ffl ~' -cJmaJJT Go ~ 

3 1:7.RT J: :> I:. :if;:~:M!i-:ft\l©~iR·-'.r© 1 ii!ii·;g~:5-t© E L~7.RIEJ]ml:I:. ;{ij~E 

L•.:Y.3 cfflffiifi!J~~¥.Jtv c ciJ'6;f'/tlilt~:n-c~,Go :::0fflffiifi!J~~¥.Jtv c 1:1:. 

8 IBIDf!fij'3j! 0 9 - 3 0 8 8 9 3 7 
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4\f-112 8-331388 

~ 41;:ff-T J:? 1;:, ~fi 1' 5 ~ V 7.. :$1 Ql t ;,t 'I: 1J 1' 5 ~ V 7.. :$1 Q2t iJ' ;m.sx;a 

;h "C v' 7.,. ·~ E 1.-1- 3 1;: ;JS•' "C Ii, 1' J - Ffflm1){1J1;:-~0)~lfi!Wffl/W- (V d 

d) iJ,aaa n, Cf:(/) i1 '.l- Ffflm1){1J1;:fflJ£WJ•E¥av c iJ,aaa n, fflJ±WJ• 

E¥ftVcRmdi"7.,;>t'!:1J1'5~V7..?1Q20)'.l-7..fflm1){1JtiGND~l2R~ 

i., -c a:f!fl a ;11, -c • , 7-> • 

[0024] 

.:::;11,e,0)~1iHi1EIH&1;:;JS.,1:, fflEEWJ•E¥av c 1;:J: 1J, ~mll\\'1;:J..flii!li•-r

?1KJ:7.>~~-;=-?1KZc-c•~E 1•-1-3 (/)ftft••R•~at7.,J:?KfflJ£ 

RiliIT.i"7.>.:::tiJt<.:'a7.>. lg!4 !;:ff-L,ft.Jl'!:1J 1'5~~7..?1Q2!i, EE PRO 

MJl'!:1J~~R·i"7.,TFT<.:'Z9,~fi1'5~V7..?1Q 1©if-1'fflm4AK 

ti1'Fv7..~4#••an7.,tt~K, ~O)Fv~~1){1JK-;"-:$1~10A# •• 

an "C \,\ 7->. .::: (/)~fi 1' 5 ~ V 7.. :$1 Q l <.:' Ii, 1' 1" v 7,.~ 4 iJ' bAila ;11,7.,~fi 

M*KJ:9if-1'#0Nan7.>.:::tKJ:~"(,-,"-:$1~10A~GJ..iJa;h7.>J.. 
I 

ilii!ii•-r-?1#, Jl'!:1J1'5~V7..?1Q2K•~an7.,. Jl'!:1J1'5~V7..?1Q2 

<.:'Ii, t©if-1'ttm4 B 1;:J..iJa;h7.>J..ilii!li•-r-6!fflJ±V a 1;:-g~tt,7.,~imj 

M•KJ:9, if-1'fflm4BO)Jl,:1J•a c•a~~/M*KJ:7.,0N~··}± 

Vt i:/71':.I:) <.:'·~E 1.-1-3 O)ftft •• Rffi1J.T7-> • .:::(!)ft.IV, 1 7 v-.b. 
i:f:r <.:', Cf: (/) ii!li•-r - ?1 if a ~~II\\' F,U J;.(:9f-li, Cf: (/) =ii a~ ~·lif• 1;: z c tt. m ii c ~ 
ft) Ri"7->. 

[0025] 

.::: .::: <.:', ~ 5 R ffl v' "(;;g~ E 1 .-1-3 O)ffl~4',f•fi(!)alia}.I RT 7->" ~ 5 1;: ;JS v' "C 

ti, ~MtiJ'J-F-i.J'.l-F~fflJ±VacR, Cf:(l)~Mti •• R&~L,"C,. 

/±-••4',f•fg;Rff-L,"Cv'7., • .:::(I)~ 5 !;:ff-i" J:? 1;:, ;ifs:~:OOHiil!\O);;g~E 1•-1-

3 ti, 1'/-F-i.J'.l-F~ffl}±Vac#l/2Vdd-Vdd(!)~W<.:'M•a 

;11,7.,.:::tKJ:9, Cf:O) •• !f\l1tt~S•a;11,7.,. 

[0026] 

t.:::~<.:', Jl'!:1J1'5~V7..?1Q2ti, if-1'M-~6AK~N•~~~~F 

-~a;ht::.~~VlJ~~~<.:'~9, EEPROM~~R~? • .::::.(!)ft.IV, Jl'!:lJ 

1'5~V7..?1Q2~ ;;g~EL.-1-3R8l/Ji"7.,ft.1VO)iffii.Bi!Wffl1'5~V7..?1 

9 llifil4\f-1!209-3088937 
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'· 

t. T 7-> ::::. t. tJ 't' • 7-> • 

[0027] 

*JJZ 8-331388 

*i=:, ~ml-5>'V.7-51Q 10)~-.7,fflffil OBI:!:, Jl'f:lJ J,:,::,,V.7,51Q20) 

if- J-fflffi4 B1::••~n, F1.1-1::--001::1:J:-;=-51~Jil1 o AJ:: 1J••m.;tj.. M* 

fflff~~m~n7.>. ::::.nK.1::v,a~a1:&m•••O)Jl=c:1J1-:;;::,,v::z51Q2 
K-;=-51RW9m~O)~, ~ml-5::--V::z51Q10)1'J.;-{::,,·0)~,{7.7,~ffi· 

.,=-511:,~m1-:;;::--v::z51Q10)if-J-fflffi4A~YFv::z~mt.--tn~ • 

:i.K~-11 1 1:: a:H:r 7.> ,!ilm 5 -1::,, ,G.(7'1,0)fJi.0)3kffi.l:l:, Jl "E 1J J, 5::,, V .7- 51 Q 20) 

if-J,fflffi4B0)-;=-51~$tt:~~'t'H~GMn7.>. 

[0028] 

1.90::, ~ 6 1:::i.K""tS:i.K~il 1 O).!J~llllfillil&lsH::? v,tfiltffJ.I --t 7.,. ::::. O)~ll/lID'.n~ 

1:: .f.l p -c Ii, 4 m•,tO)S:i.KIID'.n R:i.K G -c v' 7., 0 li'i)~ l:::i.K--t J:: ? 1::, & m•ii• 

Ii, ~m J, 7::,, ~.7, 51 Ql t. .,l "E 1J J, 7::,, V::Z 51 Q2t.:;fj':fiE L.-1-3 t. I:: J:: IJ :f;W 

JJJ;~ h -C v' 7.>" &,!ilm J, 7::,, V ::Z 51 Q 1 O)if- J, fflffi 4 A I:: Ii 7 FI.I ::za4 tf• 

•~n,&~m1-:;;::,,v.7,51Q10)Fv-1::--oo~ttT-51•10Affi••~n-c 

., 7.>. it:, Y F 1.1 ::za4 1:: a:i .,-c, ~m ~ nt: :;;-1::,, 1:: 1:J:IEfflm:1: • 7.>~m• 

ffVadffi, *,!ilmO):,~::,,~tt~5>'Ffflm't'Z7.>*~m•ffVnadffi, ~ 

tJo~ n7.> J:: :ifiltfiE'. ~ n -c "' 7.>. ':f- 51fJil 1 o A 1:: 1:J:, ,!ilm:!!!fr,m::, H%liil!.ll'.1::$ 

tt:IEfflm't'.!b7.>W•m.;tj.•ffVrt., ~5::--F•m*t:ttAfflm't'Z7.>M*• 

ff Ve t., 7J'Fl11JO~ n7.> J::? l::~fiE'. ~ n t v' 7.>. 

[0029] 

.G.(r"I::, ;ifl:~ni!i~:PJ.O)S:i.K~ll': 1 O)ll/{'pl::? v, tfiltfff.lT 7.>. 

* f, ~ 6 l::;i.K°"t J:: :i 1::, 8MJU 0) 7 F I.I .7, a 4 R ,!ilm i" 7.> ffl"@i" 1:: .!:l v, -c alt aJ.j 

T7.>.8Mft0)7Jsv::za4~tt,!ilm•K,!ilmfflffVad#~W~~ ~O)MO) 

!Ul::1:J:iJ'.f=,!ilmfflffVn a d;IJ,~1JO~n7.>. 8M!Ul::•M~nt:,!ilm J,:,::,,V.7,51 

Ql~tt,~m-~0)817~-~FK, *f':f-51aloA~;M*fflffVe 

tJii::1111o~n, 000),!ilmar.111::.,t 9: 1J ":;; ::-- V.7- 51 Q 20)if- 1-ff.ftl~lllt 6 A 1::'iitfft 

~ ht:::\"--v 1J 70){it.lliUJ Rfi:i. ?}{v,1:,!ilm:!!!J~0)8 2 7 ~ -Jv Fl::, -;=- 51 

a10A~6W•m.;tj.fflffVrR~WT7.> ••• m.;tj.fflff~r~$t-C:;fj';fiEL 

1 0 If! IDE*.iJ! o 9 - 3 o s 8 9 3 7 
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0 %-'I' 8-331388 

-~36~~-%~ff?, ~~mD~$~ .• ft~~fflffVr!;:Ztt~~U~ 

5~~A~Q20if-~M~~6A~~~-a~t=~~U70.ffl!;:J::V. ~~ 

U ~ 5 ~ ::J A~ Q 20) F v-1 ~ffl1"Hirfii~*-1Ht G O)'c', 1 7 v-.L>.Dr,!JR¥£. L,jf;1t 

It G :'.:. t n''c' ft G, 

[0030] 

b(...tO)J::? 1;:, ;ifs:~:ofi!~J"ljO)*jf-~ji: 11;:;l:lv,tli. 7 F VAitt!l(4 n'liF~mllil' 

'c'0-~EL-~30R%~~~--TG:'.:.i:'..6'c'ft.gf=~. ···~t.,t:t

~E L·~3 ~-ili![.§!lftitfl;:ffiiR%~W.~·-TG :'.:. tn,'c'ftG, {?IJ.iU:l'.. fJE 

*0~Jl!JJ1R1k1:i;:'(;0*m~1&:i;:;l:l.,-rooili![1t 1 o o c d ~fflJ::? t t.,t=~i'i. r F 

VAitt!l(086480;ifs:aGt.TGi:'.., 48000cd • .§!l0R%•.§!l6~-~".'.l 

t=:t0nt. *~:Mi!~~'c'1:i:~mllil'1;:l!t,R*'1;:~".'.lt=t t.,:tr,; 1 o o c d•lt'c'.15l 

v':'.:.tl;:i'd!G, 

[0031] 
I 

t t=.. r F vA~Ji!Bnq o o o ;ifs:0~-fr:tfJE:*4 8 o o o c d 0R%ili![1tn,£, 

.. '/t.-::, t=. 'Ei 0) 7,1', ;ifs:~:ofi!~:m\ 'c' Ii. -'? l:l: IJ 1 0 0 c d •• 'c' ,l5l "'· f= '/t. l,, 6 0 

Hz617v-.l>.i:'..TGi:'.., 7FvAitt!l(6~~.g/:'..WSf-~0•ft~~/M* 

9~6~Vi'd!(i'd!G .• ft~~.M*t:t50µs't''c'ftGtTGt, •*7F 

VA;ifs:8~J~-1~~v-A1:it(;'t'333~ -1~~1/-A1:ii(;'t'667;ifs:.)t 

/:'._i'j!.g, 

[0032] 

t,i'd!~I;:, ;ifs:~:M!!~~O)J:: ?I;:, Si N~~7'Y7~fflv\f=~~u ~7~!'.JA 

~ Q201*MIJ\l'r,1J1:tl/f;'ffil;::Rv' Ci!'ffi 1&p-1 o&p) t=~. woo0~ftg~1t~1t 

.ft1ftl~tv,(1:i:t'l;'c';ff>~la'.. •a~~· ~~:i!Hm.§!ln,ms e c;,J--'3f:t7U ..yt.J 

v A'-' o A*ml'~.t Jv v/'{J1,0*m1:ti'iJ"flf;'t'a v. •&imi'd!~.r.1::• ~*mT Q.::: 

tn,'t'ft.g, t.,t=n,-::,t. :ifs:~:Mi!~~0*m~1&:11:i:. fJE*~~a~-r:.,t:c.1111ii 

lk!l&iib1fi(;O)-~ E L *m/'I * Jl;l;::tii~ t. .ili![.ft L, t=.-;/1 E L -~ ~ m V' T 

l;:ffiiR%~~~--T Q:::. t nt't'ftG, :'.:. O)f=~. •ili![•n'-::> *~~w..!*ffe~i'iJ 

im /:'.. l, f=*ffe~-~ ~:!JlT G.::: t nt't'ft. t0A:f.7WS0*:!Jl:f.7 ~ Ji31...t a -Jt.g.::: 

tn,<-'@G, 

11 lli~l/'a'-'JZ09-3088937 
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0 ~-'f 8 - 3 3 1 3 8 8 

r F I/ Aiftlil 4 0).7.f;;~O);ijjiJO f;: -If•'• :\'--\' 9 r 0)1j;{ft R iWi:lmf;:~fft ~ it 7-> ft olJ f;: 

P ?'--V *Jv1i;~O)~!ft!j!tJ,~ v1:filll'.l:nttfflEEV e R~•&1;: L, t =l:i.lil •'• 

[0033] 

c•MJTfW. 2 ) 

lil!J7~B 1 l li.7.f;;~ffJH;:f*7.,~:m?!tJl:O).nfgBM2 R:mLtv,7->. B7 li.7.f;;. 

MB:IJ.\10)~:mi!tJl:O) 1 ®~~~ ~:mi"-'f<ffiiB.: tf1l 1J. B 8 Ii lil!J 7 (1) B - B lfliffiiB, 

B9ttB7(!)C-Clf!iffiiB.:Z7->. *1t. Blott••w•a Blltt.7.f;;•• 

-~K~~7.>rFvAiftlil~ilih~~QTFVA9-~-*~fflEEM•~•(!)fflEE 

~R:mi"~4~~if?'--\'-r1:Z7.,. 

[0034] 

trf. -*•MBM(!)~:m?!tJl:(1):f1/f./iltRmtffJ.Ji"7->. Bi:f:! 2 1 Ii. ~:m?!tllR:mL, 

-C v 17->. -*•••~(!)~:mi!t-Ji 2 1 1: Ii. B 8 ~ J: V:B 9 !:mi" J: :> 1;:, 715 A 

~;f&2 2J:l;:{91J;U;!'.A 1, I T07J:l:'1:'7J:7.,~:!f!l·ffi2 3 tJ~~miJi.ile:£:i.ilel:B./ilt 
j 

~~.::-.,Q. ::::.O)~:!f!ltffi2 3J:(1):£:ffii1:1i. {91Jxl:l'.v9 ~~fflff~)lj;.::>'J:Gr:l!!l 

;ffi~)lj; 2 4 tJ,BJiJt~ ~ -C •' 7.,. t L, -C, :::'..(!)"f:!f!lffi~)lj; 2 4 (!)J:l;: Ii. ~~(!) r 
F V A*Ji!X 1 ~ Xn;/Jli P l:m~f!llll1!i ~ ll/ii-Ct-'f<fil:B./ilt ~ ~ -C •' Q. * tt. r 1'' 

VA*Ji!X 1 ~xn~ J: -0:r:l!!liffi~)lj; 2 4 (!)J:l;: Ii, • 1 if- r ;ffi~)lj; 2 5 tJIBJiJt~ 

~ t •'G. ~ !:> 1:. • 1 if- rffi~)lj; 2 5 (!)J:l:li. B 7.1:l J: V:B s 1::mi" J:: :> 
~.00x~r~~77AV9~~1:7J:G, •1•••/j26~•2•••/i27 

~tJ,;, ~ - ~-./ilt~~ -C v'Q• ::::. :::'..1:, • 1 •••/j 2 6 Ii, J:lffi L,;'t r F VA 

tJl!xtJ,if- r fflffi ~ i, -c O)ffi~ R*tt -t J:: :> 1::>'J: ".'.) .::- ., Q. 

[0035] 

~!:>K. •i•••/i260)J:~tt. if-rA~~(/)i:f:!~Rif-r~~~~

".'.>L70,Y:\'-~tl/i2 8tJt;,~-~-./ilt~~tv1Q. -fl,-C. •2•••/j2 7 

O)J:ffii~ J:: 'l)(-IJO/Ji R5? J:: :> 1;:, • 2 if- rffi~)lj; 2 9 tJIBJiJt~ ~ t •' Q. :iJ: ~ 

• :fO,y:\'-~tl/j 2 8 ~J::V:.2if- rffi~/lj;2 9 Ii. CVD1*l:t./ilt/lj;~~i't 

, {91J;U;!'.jH~v 9 ~ ~'1:'B./ilt~~-c.,Q. t l,t, • i •••/j 2 6 O)if- r~ 

~~(!)W-IJO/Ktt. Y-A·;ffii30~J::'l)()'l/4~fflffi31~·1···/j26~ 

~~T G J::? 1:B./ilt ~ ~ -C •' 7.,. ::::. (1) J::? 1;:, J:fill L, tt r F V AiJi!X ~. • 1 if 

1 2 iliIDE<W'-'f<O 9- 3 0 8 8 9 3 7 

IPR2020-01059 
Apple EX1002 Page 99



r 

(') lfsf-'12 8-331388 

- 1'iffi~Jllt 2 5 t, ffi 1.f:.#:Ji 2 6 t, y -'.A · F 1/-1' ::--ffla 3 o, 3 1 t, 

1:~:/R 1' 5::., ~ '.A :51 t l, -C O)ffi 1 MJllt 1' 5::,, ::J '.A :51 Q 3iJt;ffl/)3X; 2i .ti, -C ~' G" 7J! ,El 

, ~O)ffi 1 MJllt 1' 5::,, ::J'.A :51 Q 30)J\fl-1'::,, l=- ~::,, '.A Ii, :ii:~< lJ!,g J::? 1;:~ 

'A:'.2i.t1-C~'G" -fl,-C, ~71:::ffet"J:::,I;:, Fv-1'>-ffla3 lli'J'-:51fJi!Y (Y 

j) t-#:®1;:1,:51-::,,*):ix;2i.tl,"l~'G" ltt::, Y-'.Affla3 0 Ii, ffi2.f:.#: 

J1270)$~.1::nem2lf-t-iW~Jllt29eftt.,t~WGlf-t-ffla32t-#: 

® 1;: /'i :51 - ::,, •• 2i .fl, L ~ \.Q O tJU ;t L' ~ 0) y - A ffla 3 0 ,El J:: V: 1f - 1' ffla 3 

211, B91:::ffe-tJ:::i1:::, 9;1;3 3 e••-t7.>W:l,:J::ftllffla3 4 t:t-fi!i;®1:::1, 

:51- ::;*):ix; 2i .ti, -C ~' 7.," t ~ o 1:, 1!;i:I; 3 4 Ii, J::i!il L, t::.1!;i:l,:J::~~ffla 3 4 t, 

~ 0)9:1:.J::~~ffl• 3 4 O)r 1:::••~ nt::ffi 2 lf- t- iffi~Jllt 2 g t, m 1 lf- t- iW 

~Jllt2 5 t, W:l:r~~ffl:fi3 5 t, iJ'!:>:ffl/J3X;2i.t1t~,7.," tJ!t.l, 9:l,:r~~ffla3 

5 11, r:li!!iffi~Jllt 2 4 1::: lffl i:r t., t:: ::1::,, :51 17 t- m - ;1, 2 4 A e ft t., -r•:11!!~• 2 3 

t•M2i .tl, "C ~'7->" 
I 

[0036] 

ltt::, m2•••J12701f-t-ffla320)w•n~~- m2••#:J127~ 

•M2i.t1t:: Y-'.Affla3 6 ;tJ::V: F 1/-1' >-ffl:fi3 7 ;IJ./:ix;2i.tl,"C~,7.," ~O)J:::, 
~ . . . 

I::, ffi 2 .f:.#:Jf 2 7 t, ffi 2 lf- 1'iffi~Jllt 2 9 t, lf- t-ffla 3 2 t, Y-'.A 

ffla36t.lJ::V:Fv-1::;ca37t, 1:~~9fflt-5::;::J'.A:51tt.,"C0ffi2Mm 

1' 5::,,::; A 51 Q 4iJt;ffl/):ix; 2i ti, L ~\ Q O 7J! ;13, F 1/-{ ::--ca 3 7 Ii, ~ 7 1;:ffe-t J:: 

? f;:, 'r- 51 ,Ml Y 1:::312n1:::%/:ix; 2i .ti, t:: fflililifJi! 3 8 1:::-#;®l:::%/:ix; 2i .ti, "C ~' G" lt 

t::., Y-'.A 1iffi3 6 Ii, ~iiilT ,g;;(iffiE L•-r- 3 9 e:ffl//:ix;T 7-> E L.1::~~-·4 0 

t -#;®I:: /'i 51 - >' •• 2i .ti, "C ~' 7., o .1:: 1itl l, t:: J:: ? f;:, ffi 1 MJllt 1' 5 >' ::J '.A 51 Q 

3tffi2MJllt1'5>'::J'.A51Q 4t.9:l,:33te•M·:ffl/J3X;t°7.>~t~J::~, fflffiM 

00=¥~iJ:ffl/J3X;2i .tl, -C~'G" 

[0037] 

tiffiEL.-r-39~, B8t.lJ::V:B9~ffet"J:::,~,•;t~ITOi:7J!G·~ 

iJ!YJ-Ffflffitl,"CO)ELJ::8ffla4ot, ~O)ELJ::81ia410)r~%/:ix; 

2i.tl,;lt;;(i:{lltE LJf4 1 t, ~O);;(iffiE L)i4 1 O)rl:::%/:ix;2i.tl,f::, {91J;tliM g I 

n;/J!~O)·%~e:t~~Y-Ffflatt.,-CO)ELr8ffla42t, 1::ffl/J3X;2i.t1-C 

1 3 lliIDE/fsf-'120 9 - 3 o 8 8 9 3 7 
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••ah-r~,7.,. TTd::b't>, B:)'{;tl•t• · $@RaM 1 5 t:iJ,-'Jt-lli:ia"Jl:::aTd:Q 

H~:£-1: l:l:, $-fs ©B:YtSff- RH:> ~ t iJ, 1: 9, ft:)'{;tl• t W · ~@RaJ!!/ 1 6 t 

~-'l'-lliia<JKaTd:7.>8~1:tt. ~@©ft%Sff-RH:>~t~1:8.R% •• KML, 

-r@RaJi:iJ,aTd: t> Td:~'H~:h'"el:l:W@©ft:)'{;Sff-RH:> ~ tiJ,1:97.>. ~©t::.lffJ 

. .::ti; s ::i0 r'.)/ H!~:£-0ft:)'{;Rffi!J~TQ ~t1:::.1:: 1;, isR:)'{;~@sff-Rfi3 

~ t 7J''Uil t 7d: Q. 

(0011] 

?}O::: • ...tEL,t::.;tfffltE L~'t-11 ©f/j:Jfi · itJf"Fl:::::i~1"(~aHT7.>. 

*f, W·$@RaJ!!/15KMZT7.>R%••1:R:Yt~&~QJ:::>K~~ffla 

7 llifil/f'.¥-'jt-09-3088940 

IPR2020-01059 
Apple EX1002 Page 128



l 
0 !fsi,.>JZ 8-3 3 1 3 8 9 

1 s t.1'\'imfflfi2 o t.iJ,it!Rant=.~-g-i;t, ~~•*• 1 e O)H:l'6iJt•1;:.fflffiJ, 

FJJ:/Jua n7.>.::::. t.1;:..1; 1J, -wis3'6iJ,'f O)H3'6iJt•1:n1;-t7.> • .::::.O)-w-@3'6!i, aaz 

fflffi 1 s .!SJ: V:1*ffl«Jllt 1 7 ea• t., tW · w@RM!i/ 1 5 1;:.}..!M"t 7->. .::::. O)i/r@ 

3'{;~, T·$@RMJil5Kaaa~ Et=KW·w@RMJil51:~$@:)'61 

H~a~7.> • .::'..0)$@3'6~, $@71~~)il3la•-t7.>.::'..t.KJ:U,$@0) 

@M•#-~t>tl.7-> • .::'..©$@%~, #5Aa&121a•L,t.ffe%t.L,t8 

1i1;:m!Mat17.>. 8@71 Jv~!lf 1 3 Ii, !f\i'~O)w@f1it~•O)Jj.la•i.,, -tO) 

ft!!©t£••0)*1aa-t7.>iJ,, 8@711v~.J11 31;:.;..Mat17.>%!i, .=t1;:8@ 

0•••1.=t•t.L,t=J'{;~O)i:, 8@71~~Ji!/130)3'£;•&~~;'j:(,.ffe% 

0))$:.li •• ' 'Ei 0) t. ;j: Q 0 

[0012] 

ll: t=., W · 8@RMJf 1 6 1;:.MJii;"t 7.>H%il•7:H%iJ'-Jfil.::::. 7-> J:? 1;:~aHfflffi 

1 s t.1'\'imfflffi2 o t.tJ,~mant=~-g-1;1:, ~~•*Ji 1 e 0H%iJ!•1;:.fflffiJ, 

~man7.>.::::.t.KJ:9,-w-@3'6#-tO)H:)'6E.1:H1;'t7.> • .::'..O)T@%~ ~

ffl.18.!SJ;V:,flj!ffl{)lltl71~-l,"(i/r·8@RMJil6K}../Mi"7.> • .::::.©T@ 

*~-•·•@RM/il6Kaaa~ Et=KT·8@RMM161:~8@%1 

•~a~7.> • .::::.0)8@3'6tl:, 8@71 Jv~ Ji/ 1 4 la•-t7.>.::::. t.1;:.1; 1J, 8@0 

@M•#-~t>;h7.> • .::'..©8@%~, #5Aa&121~•Lt.ffe%t.Lt8 

1iK/i:IMan7.>.8@7~~~•14~,!f\i'~0)8@a••0Jj.1a•i.,, -tO) 

ft!!O)aA.0)3'61a&-t7.>#, 8@7~~~Jil4K}../M~tl.7.>3'6~, .=tK8@ 

O)tlflA.1.±.•t. t.,t=J'{;~O)i:, 8@71 Jv~ Ji 1 4 O)J'{;aU1;t~;j: <, •ffe% 

0))$:.li·· \ 'Ei 0) t. ;j: Q O 

[0013] 

a e, 1;:, @RMJiiJtMi;t L, "(ffijji a tl,;'j: •'l'l~:frO)H3'6iJt•1:H%iJ,jfil.::::. 7-> J; ? 
' 

1;:aazfflfi 1 s t. Vffiifflft 2 o t. iJ,~m a nt=~-g-1i, ~~H3'6JI 1 e O)H3'fiil 

.KfflJ'it#~man7.>.::::.t.KJ:9. W@3'6#-tO)H3'fiE.1:H1;i"7.> • .::::.0W@ 

3'61i. aazfflfi1 s. 1*ffl«Jlltl 1.!SJ:V:#5Aa&121~•t.,t81i1;:.•ffe* 

t. L, t /i:l!M ~ ;f1, 7->. t.i! ;IS, ~ Is '.ll 1' l'l~:fr I;: ;IS•, t, W@3'6 iJt1,J'ffiiffl;fi 2 o il1!J 1;: f/iJ 

~t/f:I/Ml,t'EiVimffl;fi2os•K3'6&!MttiJ'-~7.,~~-•@3'6181iKf/iJ~"( 
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(') ~:i:iz 8-3 3 1 3 8 9 

RM~tG~t#~a. %0wm•-~•o1>G~t#~8G. 

[0014) 

*••••~tt. ~ELt=3~0F,~8:B-0@•ffi~~-TG~tKJ::V. 

:bl1~i!il@ ~r:r:.i ~ t if.~f!s.. *@•ffill: tdi7 Jv;/J 5-•ffi~fr:., ~ t iJt;;J• t 

~G.~K. *••••~tt.-~R%.190H%@#W@~•Gt=o1>.~* 

0 s@R%~;i:am t., t.:.R GB R%~.7. 7,J:,. f;:.fttr1 t., 't :r:.tJv:¥-~11-RJ\:ifJilll;:jwj 

o1>G~tiJ,~8G. ll:t=. *•M581;:;l:l•''tli. $@.ffiF, H?i~:B-1;:$@7 

,r Jv:3t.l 3 R. lWk@.ffiF, H?i~,tl;:lWk@7,r Jv:3t!I 14 R. ft!il:Lf=.~t1;: 

J:: 1J. ~1;:W@R%0i$J.tRiWi< Lt=*,!/*. :§.@~~-R~·TGW@%ilR~ 

i., ttl;l'bi'i 1;: :tiw@ 7.,, Jv 5t ii 1 s >?>lWk@ 7 1 Jv :3t M 1 4 iJ,ft!-1:~ n t., Q 1=.o1i. 

~n;07,r~:3t~W@%R&tt~tG~t#~8G. ~O)f=.o1J. ~n;0a:B

~li.ffiR J'l.Gfi!!*=i!t1l{IJl;:W@%iJ'ffi~~ ftG ~ t iJ,~ <. @•1.t©iWi•'•ffiiJ, 

mtm t tJ: Q. 

[0015) 

c•••Ji.\12) 
m21;1:. *Ra..131;:•Q·~E L•-1-0•••:fl.!!2 RffiTllfiffim~•Q. *·· 

580-~E L*-r 1 1 (1.):{i$;1i. -~E L*-r 1 1 O)@~~·iJ,fe.t/Zl.,'tft!ii 

~ft7J:•' F, ~ii~:B-0R3't;f'i:1Jiltl;:MJZTGJ::?I;:, #5.7.£;/&l 2(1.)'i.\'ffil;:W@ 

O)rBt~:l!ill0%R~•t.,. f1!!0<IT'!1!%t£~:l!ill0%R&ttTGW@7,r Jv:3t.2 1 ~ 

••t.,t::.:ti0~~V. ft!!(l.):/i$;tt~E-M58lt••~•Q. 

[O O 1 6) 

*•M51l.\H;:;J:l.,tli. -~·%· l 9 ~ft% Lf=.W@:%RW@7 ,r Jv:3t • 2 

lR~-~tG~tKJ::V •• ffi%tL't0W@0@NJ.tRJ::ViWio1>G~t~;;J 

MttJ:G.MO)~ffl·~~tt~E-M58ltRa~~Q. 

[O O 1 7) 

c•••:mi.s) 
mstt.*R•K·G--~EL•-1-0••••3RffiTllfiffim~~Q.*•• 

5:mili. :#5.7.;/i!;;/&l 2(1.)~ffil;:. $@7,( Jl,,5{.13, lWk@7,( Jl,,5{.14. 

W@7,r~:3t•21#ft!"l=·••~n. #5.7.£;/lfi12;13la~n;7,r~:3t• 
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r 
() *-'JZ 8-331389 

Rm :i J:: :i 1;:Ji 1 -f*fflf.ffi 1 7 A ifi.>JZffl 1:.*• an, a !:, 1:.:::. (1.)ffi 1 -f*fflf.ffi 1 7 A 

(1.) ~ffii 1:. '!!f • d.Ms~ffi:Jil/ 1 5 S J:: 'dW · ~@~•Jill 1 6 tFffil ii'. · * .ax; a ti ::'.. ti !:> 

Rm:iJ:::il:.ffi21*fflf.ffil 7 BtJ,*.sx;atit~'Q" a1:,1;::, ffi21*fflf.ffil 7 B(l.) 

~ffiil;:: Ii, ...tii:1~8*NI¥. 1 s J:: v:•a*NI¥. 2 t. ll'ITiH:.~llJ.l'ffl:!i 1 8, 1i~R3'6Jil/ 

1 9, s J:: V:~ii'iiffl:li 2 on'*• ant~' Q. 

[0018] 

*••*N/¥,1:. S ~' t I;!:, @ 7 1 JJ;~ Jill Rm:i ffi 1 -f*fflf.ffi 1 7 At. @~•JI Rm 

?ffi21*fflf.ffi 1 7 B R*.sJti""Q :::.t.1:.J:: V, ;g..g,,7,r JJ;~Jl(l.)~i/m*'f!l:Rli~'I:. 

•-Ka~Qf=~K@7,(~~Jl(1.)•aRtn~n•~•K•~TQ::'..t.KJ::V 

R~i""Q8~R~~TQ~t.7fi~9. *~71~~Jil/t.#5x£•12t.(1.)&M 

Rffi 1-f*fflf.ffi 1 7 A ~3JZ:l;!Ht~9, @••Jil/ t.ffi 1-f*fflf.ffi 1 7 At. (1.)&M Rffi 2 

-f*lli.ffi 1 7 B ~3JZfflft~9 Qt=~, .-r:@:f* t. l., t(l.)-'JZfflft R•.sJtTQ:::. t. 7J'~ 

9Q. *f=,-'JZffl~R-.sJtTG~t.KJ::V, @••Jl(1.)~M~-R~...t~9Gt. 

~'? fU,~:iJ,.11, Q. iJ: s, f&(l.)f'\!Jfl · fbf'\!1:1:, ...t.W t., t=•a•NJ¥.1 s J:: V:•:of!i•N/¥. 

2 t.ll'IT~~.lbG. 

[0019] 

<•••i114 ) 

B4~,:,f;:RllJ.IKAG1i~EL.-r(1.)···N/¥.4R~T~ii'iiB~.lbG.:;f;:.8 

.,.\!~!;!:, ll'ITBl:.~TJ::?I:., #5xa•1 2(1.)ITTfii'iil:.$@7,( JJ;~Jil/13, ~ 

@7,r~~J114, W@71~~Jil/2lifilftl•an, #5xa•12(1.)M@sJ:: 

v::::.n !:, (1.) 7111;~ Jil/ Rm :i .1:: :i 1:.ffi 1 -f*fflf.ffi 1 7 AtJ,.>JZa1:.•• ant~' Q. 

*f=, #5xa•l 2(1.),Wffijl:.l;I:, w,@7,( JJ;~Jll 31:.MJ;l;;TGJ::?l:.lftlMa 

nt=w · w-@•m;Jil/ 1 5 c:., ~@7111;~ Jil/ 1 4 1:.Ma;;-t Q J:: :i 1:.lftl•a nt=w 

· ~@•ffl;Jil/ 1 s t., tJ,•• an, #, x £• 1 2 (1.)~ii'ii s J:: v::::. n 1c, *••JI 

Rm:iJ:::il:.ffi21*ffif.ffil 7 B;IJ,lj!ffll:.•.sx;atit~,G. tl.,"C, ::'..(1.)ffi21*1li 

Jm 1 7 B (1.)~ffij 1:.1;1:, ...t.W t., t=•8*N/¥. 1 - 3 t. Fi'IT~(l.);f\WJ;Jt~~aJ.Jffl:!i 1 8, :ti 

~R}'f;JI 1 9. s J:: V:~ffiiffl:!i 2 o n-•• ant~, Q. 

[0020] 

*•••NJ¥.~ 1:1:. 1 if:l((l.)#5 x£• 1 2 (1.)*~ii'iil:. 7 ,r Jv~ Jil/~@-•JI R• 
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0 ~-'12 8-331389 

J;x;T Qt::~, .:::n t) O)BJ;x;7'a -e _A ~MP!llftT Q.::: l:: ;IJ,-r_; ~ Q 0 

[0021] 

(~»rgB:fie. 5 ) 

~ 51:l:, ;;fs:HIIJH:'f*g:.fiiffl!E Llk1-0)~»rgB:fie. 5 ~~T!Wiiii~-r.silbGo ;;fs:~»rg 

B:W.-r.s~, ;/J5.'.Aa&l20)•jij~•·•@Ra/115l::W·•@Ra/116l:: 

~m~O)E•~~GJ:?~••an, #5.'.Aa&12sJ:a.:::n;@2aJ10)...t 

1:.>JZ:!§.~•2{JiHliJ!l,i;l 7 B;IJ,BJ;x;an.-Cv'G" .:'..O)ffi21JiHliJ!l,i;l 7 BO)...tl:1:t, 

8@7,( Jv~/11 3, •@7,( Jv~/11 4, sJ: V:W@7,( Jv~ JI 2 1 ;/J'ttl.-t 

nm~0)&•1:EJ1:an, .:::n,;7,( Jv~Jl;l:)J:V:•21*3Jm1 7 BO)...tl:.>JZ:!§. 

~ffil1*3Jml 7 A;IJ,BJvtan-cv,g" -"jj, #5 . .'.A;/i!;&l 20),Wjij!:l:t, ...tllc 

l, fc:~nfg·:fie. 1 -4 l:: li'i)'*O):f/fj;x;1_S~l!J3fflffi 1 8, ;;fij~~:l'(;JI 1 9 , ;I:) J: vt'Wffii 

fflffi2 o~••an-cv,Qo 

[0022] 

(~nf!i· fie. 6 ) 

~ 61:l:, ;;fs:HIIJ.H:'f*G;;fiiffi!E L.rO)~nfgBi'!J¥. 6 ~~Tllfiiii~-r.s"1>Go ;;fs:~nf!i 

B:fie.O);;fijffl!EL.rll~ li'il~~~TJ:?~#5.'.A;/i!;&l20)8Jm·~~-a 

n "C •' Q" 1 i', #5 .'.Aa& I 2 0)8ffiil:l:t, Ffi~"Jir/ill: f/iJ!t-C.>JZfi ~ ld!T~~ 

0)1',j'jij.ffi2 0 ;1J,1~~ -::,BJvtan -C v'Q" it::, ;fJ5 .'.A;/i!;& 1 2 ;J:)J: V:'Wiii• 

fi 2 o O)...tl:l:t, :.fii~~Yt/ifl 9 ;/J'BJ;x;an -c v, Q" :.fii~H%JI 1 9 O)...tl:1:t, 

'Wlm•ffi 2 O l::x~ Ciili:x) TG J:? 1:~~0)~l!J.ffflffi 1 8 ;1J,BJ;x;an -C v'Q" 

a;~, :.fiiffl!H%/119SJ:V:~l!J.f·ffil80)...t~~ .11*3Jm22A~.>JZ:!§. 

1:BJ;x;an-cv,Q" tl,-C, 'Wlm.ffi20l::~l!J.l•ffil 8l::;1Jlx~TG'SH)- CH 

%fJi:lliJD l:th-chi!t)Z;TG J:? 1:, W · 8@RaM 1 5 l::, W · •@RaJI 1 

6 l::, ;IJ,m~&ll!tl:EJI~ ti, Ly\ Q O • l 1*3lll 2 2 A ;I:) J: V:.::: ti, t>@RaJIO) 

...tl:!;t, •21*~Jll,i;2 2 B ;IJ,.>jZ;fJH:•J;x;atl,-Cv'g" at> 1:, • 21*3Jm2 2 B 

O)...tK~, W·8@Ra•15~MJZ;i°GJ:?K8@7,(~~/113~ W·• 
@RaJ116~MJZ;~gJ:?K.@7,(~~Jll6~ it::@RaJl~EJlah 

"[y\7d!y\~:l'{;fJ!:l@H:MJZ;i"g J:? 1:'if@7 ,( )J,~ JI 2 1 ;/JI, BJvta ti, "[v\Qo t 

l,-C,.21*3Jll,i;22B~J:t)(.:'..ht>7,(~~/IO)...tK~, .31*3!ll22C~ 
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0 

.iJ!ffll::5.sJt~ ;ti, '"C ~' G" 

[0023] 

%.iJ! 8-331389 

t:i:S • ..ttclt.,t::.*••••l!li. #5;(.i/i!i;f}i( 1 2 RJH~,t::.;/J\ ffl1<(.~~t!:Rti 

T Gi/i!i;f}i('c' ilb;tt. 1:1'.~.sJtfflff~ R ffl ~' '"C ti J:: ~ ,. 

[0024] 

*••••'c'li. :JJ'5;(.i/i!i;f}i(l 2Ri/i!i!::t.,--c. Jffl71(~Jm;R~/iTG7tJ~;(.R 

~ IJ ~i"::: 1::.1:: .1:: 1J ti~E L•+ 1 1 R!1M~i" Q::: t. iJl'c' a Q. 7d: s • ..1:re i., t;:. 

ffil-f*Jli)m;2 2A, ffi2-f*lii)m;2 2 B. ffi3-f*Jli]ffl;2 2 Cli. ~,'f;tt,;/J,R4/f~l., 

--CtiJ::~,. *••••1::J::;tt.l:1'.. ftJ'GL,t::.:Y£;R:JJ'5;(.i/i!i;f}i(l 2 R~~~iti'I::~ 

5.F-:Y{; t. l., '"C ffl ~ , Q ::: I:'.. ;/J~ 'c' a Q t::. ~ • ;ii 5 ;(. 113 'c' <7.l % f!'Hla: ;IS J:: Vi )re :ffr 1:: J:: Q ffi 1ii!l 

•['1<7.l~fttJ:t'.<7.lfl!l/lliRWMM!TG:::t.iJ,l!aG. t:i:S. ff!!<7.lf'Fffl · l/J{1=1i • ..tlli:ll., 

t::.•»f:!i5Ml t.••'c'di>G. 

[0025] 

c••m,17) 

B 7 Ii. *RllJ.fl::.Qtj~E L.-'t-<7.l.»f:!i5M 7 .Rir-i"lt!rffiB'"r!ilb Q" *•• 

m,11i. ..1:re i., 1=.•••• 2 0 #5 ;(.i/i!i;f}j( 1 2 0001m1::. ~1 x.1t~;,i..:Y£;~0•• 

:Y£;<7.JAMRlliiftTGJjj}JB~BU71~~/i23R~•t.,t::.•.sJtRti~. t:i:S. ff!! 

<7.l • .sJl;li • ..tlli:l.»f:!i51'J2 t.••'c'di>G. 

[0026] 

*••••1::s~, '"C Ii. ··~71 JI,~ Ji 2 3 R•+0iiioo~~1;:~ji l., t::. :::'. I:'.. 

1:: J:: IJ. ti~R3'6/i 1 9 1::Jjj}J®J'(;;/J\7'.M l., '"C. ti~R:%/i 1 9 <7.JJjj}JB. ftJ'G;/JI~ 

TG<7.lRn&TG:::'.l:'..~l!aG. :::'.<7.JJ::jtj:Jjj}J& ft:Y£;Rn&i"G:::t.~J::~. 

ti~E L•+ 1 1 <7.l::Z::,, J-, 5 ;(. f,. Rf/iJ..t~-lt,5::: /:'..;/Jl'c'a ,5" lt t;:, Jjj}JB:Y£;<7.JA 

MRllJiftT}.;::: t. l::J:: IJ, is~~Ji'\'->ti~R:%/i 1 9 ti: t'.<7.l~ft RllJiftT Q::: I:'.. 

ti~a,5. t:i:S. ff!!<7.lf'Fffl·l/Jf'Ft:i:;a~Ma~, ..tEt.,t::.••••21::.••'c' 

db Q <7.l l! filt a,IJ R 4/f ~ T Q " 

[0027] 

c••••s) 
BB~. *RllJ.f~•Qti~EL.-'t-<7.l.»f:!i5M8R5.F-i"lt!rffiB'c'ilf>,5.*·· 
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0 /Ml.Ijl 8-3 3 1 3 8 9 

*~O);(j~E L~IFfO);fil:J;x;Rli'iJjg!RJfiv\"[maETG, *~filli*~l;:'.;/31.,l"[li, ffi 

1 7J7 A~;/& 2 4 tffi 2 :#5 7,.~;/& 2 5 t 0) 2 #:Jfi 1.,1 t::.;fil:J;x;1:4i> G, lt i\ ffi 1 

:JJ:;7,.a:1&240)•ffi~tt, W·$@R•/fl5t, W·•@R•/f16t, ~ 

ffl7EO).fftift1;::wat1~nQJ::?l::*•~.n-rv,Q, itt::., w · $@R•M1 50)...t 

l::li, $@7..f Jv51 If 1 3 iJt*J,x;~tl, "f G, ~ ti I::, W · •@R•Jf 1 6 O)...tl;:: 

Ii, •@71' Jv51Ji 1 4 nt~•~n-rv,Q, ft!l1.i, m2:JJ57,.a:rJii2 5 O)~ffi1;:: 

Ii, WT7E1.il'ill;:'.:ri}-::, L"t" n~n.Ijlf'j R iJ:i"~-O)~ffjjffl;ffi 1 8 ;(Jt*•~ ti.LI.,\ G 

, m2:JJ77,.a:rJii2 5;!3J::tF.:::ne,~aEfflffiI 80)~ffi1JIJ11::1i, ;(j~~%Jil s 

iJt*J,x; ~ .ti, -r 1.,1 Q, ~ ti 1;::, ;(j~~%Ji 1 9 O)~ffil;:: Ii, .::: O);(j~~%/f 1 9 R 

~/u1:~ffjjffl;ffil 8 t3c~ (it[3c) TG~B0)~ffifflffi2 OiJt*J,x;~tl,tv1Q, 

'f l,t, m1:JJ77,.a:1&24 O)~ffit, m2 :JJ77,.a:1&2 5 O)affit, nt:Ml'ill, 

, iJ'?, ;(j~~3'6J!f 1 9 OJ~:}'n~J!:flxt, @R.JiiiJ:t:iJt:MJ;i.;i"G J::? 1;::~7E~tl. 

"[\,IQ, 

[0028] 

;;fs:~nf!i*~l;:: ;/31.,1"[ Ii, ffi 1:#77,.a:rJii 2 4 tffi 2 #7 7,.a:f& 2 5 t R•~• 

bitGl~'H::, ~JMl~m~ftfO)~~:to~.7,. 1:m1.-, e,ti,,Q1~.tJv~ 1J•v-itttffiR 

}fit,17a>,::t;(Jt""(:9{>, .::'.tl,l;::J:: IJ, ;;fs:~:afli~il.1:li, ffil jj77,.~:rJii2 4 tffi2 

#7Aa;/&25tR,Bµm~-OJff•1:•~•PitG.::'.t~1:9G, 
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Attorney Docket No. 970719/LH 

IN THE UNITED STATES PATENT AND 
TRADEMARK OFFICE 

CERTtFTOTE OF MAILING 

I hereby can-i fy this 
, carr-e:spcndence is being 

dep,sited with the United 
States Postal Ser"Yice as Fh·st: 
Class man in an envelope 
addri:ssed ca: Assistant 
Cocmissicntr far Patern:s, 
\lashington, O.c. 20231 on the 
dace noted below. 

Applicant(s) 

Serial No. 

Filed 

Hiroyasu YAMADA et a 1 

08/976,217 

::-';;:~ 
tn the eYen'C that this P.3per 
is la'Clt filed, and the 
necessary petition far 
extension of time is not filed 
concurrently heri:Mith, please 
consider this as a Petition 
far the requisite extension of 
time, and ta the extent nae 
tendered by c:heci attached 
hereto, authorization co 
i:harge the extensicm fee, 

21 Nov 1997 

Art Unit 2773 

or any other fee required 
in cON1ection with this 
Pai:,er, to Account Ila. 06-1378. 

REQUEST FOR CORRECTED \;, 
FILING RECEIPT 

Assistant Commissioner for Patents 

ATTN: APPLICATIONS BRANCH 

Please issue a corrected Filing Receipt correcting 

the error(s) indicated in red on the accompanying copy. Please 

also correct the Patent Office records. 

The error is due to: 

Frishauf, Holtz, Goodman, 
Langer & Chick, P.C. 

767 Third Avenue - 25th Fl. 
New York, N.Y. 10017-2023 
Tel(212)319-4900 
Fax(212)319-5101 
LH/pob 

X Patent Office Error 
(No fee required) 

Applicant's Error 
(Check for $25.00 attached)' 

Respe~~-=-~,-sub itted, 

~-c:...::::---~....... / 
C') 

Leonard Holtz ::o ~ 
Reg.No. 22,91 g ;;a 

-0 

N 0 

en '° 0 0:, 
C) 
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pT0-103X 
(R&V, B-,tl6} 

'. '. 

FILING RECEIPT 

UNITED STATES m· l>~ 0F·COMMERGE 
Patent and Trad•1 •• ,A1 Glfi!:.11 
ASSISTANf SEGRE'JlAfP{ .,6$3,MMISSIONER 
OF PATEN:fS A'Nll> ll!IIQlillll'lilfjS 
Washington, O.C. 2fl.2S11 

APPLICATION NUMBEHI. FILING DATE I GRPART UNIT! FIL FEE REC'D _I ATTORNEY DOCKET No.rDRWGS I TOT CL! IND CL 
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DETAILED ACTION 

Claim Rejections - 35 USC§ 102 

I. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

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

2. 

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(!), (2), and (4) of section 371© of this title before the invention 
thereof by the applicant for patent. 

Claims 1-2 and 6 are rejected under 35 U.S.C. I02(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 ernissive 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 ofa 

substrate, 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, Jines 47-50) an anode (electrode) 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 anode. 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, Jines 42-45 and sheet 4 of 5, Fig. 8) an organic 

electroluminescent layer being positioned directly on the top snrface 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: 

4. 

(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.· 

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 limitation as taught by Stewart in the device of Tang et al. in that Tang 

( col. I, lines 1-20) teaches an electroluminescent display panel employing thin-film-transistors as 

active-matrix addressing elements, and organic electroluminescent thin films as the emissive 

medium. 

5. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Tang et al, 

as applied to claim I hereinabove, and further in view of Nakamura et al. (U.S. Patent No. 

5,427,858). 

Regarding claim 3, Nakamura et al. teaches ( col. JO, 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 a 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 I hereinabove, and further in view ofEida et al. (U.S. Patent 

No. 5,909,081). 

Relative to claims IO and 12-14, Eida et al. teaches ( col. 6, lines 20-23 and col. 23, 48-53) 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 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 I um 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. 

It 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.S.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 ofKishita 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 having a 

differing polarity with each positive and negative field are applied to the EL elements by the 

respective driver !Cs and the EL elements 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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9. Claims 11 and 15 are objected to as being dependent upon a rejected base claim, 

but would be allowable ifrewritten in independent form including all of the limitations of the base 

claim and any intervening claims. 

Relative to claim 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 ofrecord does not teach a display apparatus wherein an 

electroluminescent layer has a thickness whose value falls in a rage of wavelength oflight which 

the electroluminescent layer emits. 

Conclusion 

10. The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. 

U. S. Patent No. 

U. S. Patent No. 

U. S. Patent No. 

5,828,181 

5,640,067 

5,302,468 

Okuda 

Yamauchi et al. 

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 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) 

Inquires 

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 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. 

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 

BIPIN SHALWALA 
SUPERVISORY PATENT EXAMINER 

TECHNOLOGY CENTER 2700 

IPR2020-01059 
Apple EX1002 Page 162



.{'"~ 
.. l.... . Application No . I Applicant{si'J.-.·' 

08/976,217 Hiroyasu Ya mad a 

Notice of References Cited Examiner I Group Art Unit 

I Vincent E. Kovalick 2778 Page 1 of 1 

U.S. PATENT DOCUMENTS 

DOCUMENT NO, DATE NAME CLASS SUBCLASS 

A 5,909,081 06/01 /99 Eida et al. 313 504 

• 5,684,365 11/04/97 Tang et al. 345 76 

C 5.427,858 06./27/95 Nakamura et al. 428 421 

D 5,302,966 •·'04/12/94 Stewart 315 169.3 

E 5,847,516 ' 12/08/98 Kisliita et al. 315 169.3 

F ... 5,828,181,/ 10/27/98 .··Okuda 345 76 

G a.,64o,o,67 06/17/97 Yamauchi et al. 313 504 
I 

H 5,30~468 04/12/94 Nimike et al. 313 500 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

DOCUMENT NO. DATE COUNTRY NAME CLASS SUBCLASS 

N 

D 

p 

a 

R 

s 

T 

NON-PATENT DOCUMENTS 

DOCUMENT !Including Author, 11tle, Source, and Pertinent Pages! DATE 

u 

V 

• 
w 

X 

~ S, Patent and T!'lldemark Office 

T0-892 (Rev. 9-95) Notice of References Cited Part of Paper No. __ 4 __ 

IPR2020-01059 
Apple EX1002 Page 163



,1 ~, , . . , 
United States Patent [19J 

Eida et al. 

[54) MULTI-COWR LIGHT EMISSION 
APPARATUS WITH ORGANIC 
ELECTROLUMINESCENT DEVICE 

[75] Inventors: Mitsuru Elda; Masahide Matsuura; 
Hiroshi TokaUin, all of Sodegaura, 
Japan 

(73] Assignee: Idemitsu Kosan Co., Ltd., Tokyo, 
Japan 

[21] Appl. No.: 08/875,756 

(22] PCT Filed: Feb.S, 1996 

[86] PCT No.: PCT/JP96/00233 

§ 371 Date: Aug. 6, 1997 

§ 102(e) Dale: Aug. 6, 1997 

(87] PCT Pub. No.: W096/25020 

PCT Pub. Date: Aug. 15, 1996 

[30] Foreign Application Priority Data 

Feb. 6, 1995 (JP] Japan .................................... 7-041267 
Feb. 14, 1995 [JP] Japan .................................... 7-049089 
Oct. 24, 1995 (JP] Japm .................................... 7-299111 

(51] Int. CJ.' ............................ HOSB 33/04; H05B 33/14 
[52] U.S. CJ ........................... 313/504; 313/506; 313/512; 

345n6; 315/169.3; 428/917 

6 3 

5 

lo 

12 

I 111111111~ Ill Hiil lllll lill llll lllll llll lllll lllll lllll II IIIII IIII 
US005909081A 

[11] Patent Number: 
[45] Date of Patent: 

5,909,081 
Jun, 1, 1999 

(58] Field of Search ..................................... 313/504, 501, 
313/506, 509, 512; 428/917; 345/76, 36, 

45; 315/169.3; 257/40 

[56] References Cited 

U.S. PATENT DOCUMENTS 

5,294,870 3/1994 Tang et al. .............................. 313/504 
5,693,956 12/1997 Shi et al. .................................. 257/40 

Primary Examiner-Sandra O'Shea 
Assistant Examiner-Michael Day 
Attorney, Agent, or Firm--Oblon, Spivak, McClelland, 
Maier & Neustadt, P.C. 

(57] ABSTRACT 

This invention provides a multi-color light emission appa
ratus wherein a transparent inorganic oxide substrate (4) is 
disposed between an organic EL device (1) and a fluorescent 
layer (3) in such a manner as lo arrange the fluorescent layer 
(3) with a gap with the organic EL device (1), and the 
organic EL device (1) is sealed by sealing means (5) between 
the transparent inorganic oxide subs Irate ( 4) and a support 
substrate (2). The invention provides also a multi-color light 
emission apparatus wherein a transparent insulating inor
ganic oxide layer (12) having a thicknes.s of 0.01 to 200 µm 
is interposed between the fluorescent layer (3) and the 
organic EL device (1). In this way, light emission life and 
angle-of-view characteristics can be improved. 

10 Claims, 6 Drawing Sheets 

lo }i lb 
le 

2 

/20 

13 

II 

3R 3G 7 

IPR2020-01059 
Apple EX1002 Page 164



U.S. Patent 

Fig. 1 

Fig. 2 

Fig. 3 

Jun.1,1999 

6 

5 

5 

6 

5 

Sheet 1 of 6 

3 

7 

8 

5,909,081 

lo 

}1 lb 
le 

2 

4 

la }i lb 
le 

2 

3 
4 

}, 

IPR2020-01059 
Apple EX1002 Page 165



U.S. Patent Jun.1,1999 Sheet 2 of 6 5,909,081 

Fig. 4 

6 

- :~ } I 
le 

2 

5 

Fig. 5 
9a 

8 
9b 

3 
4 
6 
lo 

}' lb 
Jc 

5 z 

IPR2020-01059 
Apple EX1002 Page 166



U.S. Patent 

Fig. 6 

Fig. 7 

5 

Fig. 8 

Jun.1, 1999 Sheet 3 of 6 

3 

2 

6 3 

2 

5 9 

la z 

8 
6 
lb 
le 

8 
7 
10 
4 
6 
la 
lb 
le 

5,909,081 

}, 

IPR2020-01059 
Apple EX1002 Page 167



U.S. Patent 

Fig. 9 

Fig. 10 

Fig. 11 

12 

Jun.1,1999 Sheet 4 of 6 

le lb 

3R 3G 

3R 3G 

lo Jc 

3R 3G 7 

I b 

5,909,081 

II 

13 

II 

13 

JI 

f ···i" 

IPR2020-01059 
Apple EX1002 Page 168



U.S. Patent 

Fig. 12 

12 

11 

Fig. 13 

Jun, 1, 1999 Sheet 5 of 6 

la le 

3R 

9b3R 9b3G 9b 9b 

14 

., :..p.._r;, -~ 

lb 

5,909,081 

7 

13 

7 

IPR2020-01059 
Apple EX1002 Page 169



U.S. Patent Jun. 1,1999 

Fig. 14 

la 

12 

3R 

Fig. 15 

la 

' ·)" .... 
.; .::' .Ai;1···~-~.:~ 

·•. ·! 

Sheet 6 of 6 

3G 

le 

11 

lb 

5,909,081 

13 

7 

IPR2020-01059 
Apple EX1002 Page 170



5,909,081 
1 

MULTI-COLOR LIGHT EMISSION 
APPARATUS WITH ORGANIC 

ELECTROLUMINESCENT DEVICE 

2 
between a lower electrode le and a light transmitting upper 
electrode la is disposed on a substrate 2, the EL light which 
is output via the light transmitting electrode la is externally 
output from a transmitting substrate 8 via a color filter 9 

FIELD OF TilE INVENTION 

This invention relates to a multi-color light emission 
apparatus and a method for producing thereof. More 
specifically, this invention relates to a multi-color light 
emission apparatus suitable for use in multi-color or full
color thin-type displays and a method for producing the 
multi-color light emission apparatus. 

s installed on the transmitting substrate 8, the color filter 9 
facing the transmitting electrode la. 

This apparatus has, however, the disadvantage that the 
luminance of the light of each color is reduced to one third 
of the EL light by tbe color filter. Al.so, because the EL 

DESCRIPTION OF TilE BACKGROUND ART 

10 device faces the color filter, the light emission life of the EL 
device is invariably reduced by aqueous vapor, oxygen, gas 
from organic monomers, low molecular oomponents, 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 fluorescent light is 
iDstalled in the position (laminated or in parallel) corre-

An electroluminescence device (hereinafter called "EL 1s 
device") is cbaiacterized in exhibiting high visibility due to 
self-emission and in having excellent impact resistance 
because of being comple1ely solid. At present, variable EL 
devices using an ia.organic or an organic compound as the 
emilling layer are proposed and attempts have been made to 
put them to practical use. One of the EL devices which bas 
been realized is applied as a multi-color light emission 
apparatus. 

Such a multi-color light emission apparatus includes an 
apparatus produced by combining a color filter of three 25 

primary colors (red, green, and blue) with a white-light 
emitting inorganic EL device and an apparatus produced by 
patterning inorganic EL devices of three primary colors in 
order to position the EL devices of three primary colors 
separately OD the same plane aDd thereby to emit light 30 

(Semicond. Sci. Tecbool. 6 (1991) 305-~) However, there 

sponding to the emitting portion of the organic EL device 
(see Japanese Patem Application Laid-open No. 152897/ 

20 1991). This technique ensures that the light of a blue or 
blue.green color emitted from the organic EL device is 
converted in10 a fluorescent light which is visible light of a 
longer wave length. This technique is utilized in a multi-

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 

color (three primary colors) light emission apparatus in 
which fluorescent layers capable of converting the blue or 
blue-green color into a green or red color are separately 
disposed on a flat plane (see Japanese Patent Application 
Laid·open No. 258860/1993). 

The installation of the fluorescent layer has the advantage 
that multi-color light emission which is higher in efficiency 
than in the case of installing a color filter is expected. 
Specifically, iftbe fluorescent layer especially for converting 
into a green color is expected to absorb 80% or more of the 

is resolved by the color filter 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 used for 
patterning EL devices. However, it is known that the effi
ciency and stability of EL devices are greatly reduced in 

35 
blue color light emitted from the organic EL device, a 
variety of fluorescent materials capable of emitting fluores
cent light at an efficiency of 80% or more are known. 
Assuming both the lighl absorbing efficiency and light 
emitting efficiency of the fluorescent layer to be 80%, it is 

such a wet proces.s. 40 

It is common knowledge that, among EL devices, organic 
EL devices are promising as highly intense and efficient light 
emittiag devices. [n particular, because the light emitting 
layer is an organic layer, it is highly probable that various 

45 
emitting colors are produced by the molecular design of 
organic compounds. Such an organic EL device is expected 
to be one device which can be used in practice ia a 
multi-color· lighl emitting apparatus. 

However. these organic EL devices have the drawback 50 
that chemical factors 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) 55 
factors such as heal, impact., or tbe 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 three prim"ary 60 
colors (RGB), on the same plane cao 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 problem, disclosed is a color EL 
display apparatus (see Japanese Patent Application Laid- 65 

open No. 40888/1989). This apparat\lS is, as shown in F1G. 
8, characterized in that an EL emitting layer lb sandwiched 

estimated that the blue light of the organic ELdevic.e can be 
converted into visible light with a long wave length at a yield 
of 64%. 

A multkolor light emi<;sion apparatus can be realized 
using an organic EL device and a fluorescent layer in the 
above manner. Japanese Patent Application Laid.open No. 
258860/1993 proposes the following structure for the multi• 
color light emission apparatus. 

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

Disclosed as other structwe.s are a structure in which the 
transparent and insulating flat rigid elements is simply 
placed on the surface of the fluorescent layer instead of 
being laminating on the fl.uorescet1:t layer by spin casting and 
a structure in which the fluorescent layer is affixed to the 
back face of the bard element exhibiting the functions of a 
flat plane layer instead of affixing the fluorescent layer to the 
surface of the substrate. However, it ls reported that the 
structure shown in FIG. 15 is preferable. 

·')t' ... ,, .. , 
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the plate tbicknes.s of the transparent inorganic oxide 
substrate is in a range of from 1 to 200 µm; 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 
oo the same plane, and an organic electroluminescence (EL) 

The structure shown in FIG. 15, however, bas the problem 
that the light emission life of the organic EL 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 flat plane layer in a slight amount whereby 5 
the emission is indispensably non-uniform, because the 
transparent electrode of the organic EL device is only 
disposed on the same flat layer composed of the polymer 
and/or cross--linking compound of an organic monomer or 
oligomer. 

10 device disposed on or above the fluorescent layers, the 
fluorescent layers being disposed corresponding to a trans
parent electrode or electrode of the organic EL device so that 
each of the fluorescent layers absorbs the light emitted from 
the organic EL device and emits different types of visible 

Also, a high temperature treatment 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 flat plane is 
produced by beat 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 tbe organic EL device is greatly reduced for 
the same reason as above because water or organic com
pounds remain. 

15 fluorescent light, wherein a transparent and iOSulating inor
ganic oxide layer with a thickness of from 0.01 lo 200 µm 
is interposed between the fluorescent layer and the organic 
El.device. 

Also, clear explanations about the hard member in the 
other structures are not necessarily sufficient. 

In preferred embodiments, a transparent protective layer 
20 of the fluorescent layers and/or a transparent adhesive layer 

are disposed between.the fluorescent layer and the transpar
ent and insulating inorganic oxide layer; 

On the other band, disclosed is a method in which a glass 
plate with a color filter formed by printing is disposed under 
the back face of a glass substrate of an inorganic EL device 25 
(see Japanese 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 JO 

filter, camber and distortion of the substrate occur so that the 
EL device cannot be manufactured in a stable manner, if, for 
example, the thickness of the substrate of the organic EL 
device is not increased (around 700,tun or more). As a result 

the transparent and insulating inorganic oxide layer is 
made of a transparent and insulating glass plate; 

the transparent and insulating inorganic oxide layer is 
made from one or more compounds selected from a 
group consisting of silicon oxide, aluminum oxide, and 
titanium oxide; and 

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 titanium oxide on at least one of 
the surface or back face of a transparent and insulating 
glass plate. 

The above object can be attained in a third invention by 
the provision of a method for manufacturing a multi-color 
light emission apparatus by separately disposing, on a trans
parent support substrate, fi.uorescent layers absorbing the 

of the increase in the thickness of the substrate, the gap 35 

between the color filter and the EL device increases, 
whereby emitted light of a color other than the desired 
emitted colors leaks lo remarkably narrow the angle of view 
when multi-color light is emitted. 

40 light emitted from an organic EL device and emitting 
different visible fluorescent light on the same plane and by 
disposing the orgao.ic EL device on or ab!)ve. the fluorescent 
layer so that a transparent electrode or electrode of the 
organic EL device corresponds to the fluorescent layer, 

This invention has been achieved in view of this situation 
and bas 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 aogle of 
view and a method for manufacturing the mulli-color light 
emission apparatus in a stable and efficient manner. 45 comprising: 

DISCLOSURE OF TI!E INVENTION 

The above object can be .attained in a first invention by the 
provisioo. of a multi-color light emission apparatus compris
ing a support substrate.an organic electroluminescence (BL) 50 
device disposed on the support substrate, and a fluorescent 
layer disposed corresponding to a transparent electrode or 
electrode of the orgaoic 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 55 
which a fluorescent layer is placed is disposed between the 
organic EL device and the fluorescent 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 sealed by a 
sealing means between the transparent inorganic oxide sub- 60 
strate and the support substrate. 

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

a protective layer of the fluorescent layers and/or a 65 
transparent substrate are further disposed on the fluo
rescent layer; 

(A) a step of separately disposing the fluorescent layers on 
the transparent support substrate on the same plane; 

(B) a step of disposing a transparent protective layer of the 
fluorescent layers and/or a transparent adhesive layer 
on the fluorescent layers and on the transparent support 
substrate on which the fluorescent layers are separately 
disposed; 

(C) a step of bonding a transparent and insulating glass 
plate with a thickness o[ from 1 to 200 µm, in which a 
transparent electrode is formed or is to be fonned, or 
bonding a member produced by forming a film made of 
one or more compounds selected from a group con
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 transparent 
protective layer of the fluorescent layers or to a trans-
parent adhesive layer; and 

(D) a step of laminaliog an organic compound layer and 
electrodes of the organic EL device io order on the glass 
plate in which the transparent electrode is formed. 

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

·.{ ,,), 
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DETAILED DESCRIPTION OF TIIE 
INVENTION AND PREFFERED 

EMBODIMENTS 

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 
manner. 

BRIEF DESCRIPTION OF TIIE DRAWINGS 
FlG. 1 is a schematic and typical cross section of an 

embodiment of the multi-color light emission apparatus 
(first invention) of the present invention. 

The multi-color lighl emitting apparatus of the invention 
5 and a method for manufacturing thereof will now be 

explained in more detail. 

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 15 
present invention showing aa example using a transparent 
substrate. 

The organic EL multi-color light emission apparatus of 
the present iovention must have a structure in which the light 
(especially a blue color or blue-green color) emitted from an 

10 ozganic EL device is efficiently absorbed by a fluorescent 
layer, without light reduction and light scattering, and in 
which a fluorescent light emitted from the fluorescent layer 
is externally output without light reduction and light scat· 

FIG. 4 is a schematic and typical cross section of the 
multi-color light emission apparatus (first invention) of the 
present inventioo. showio.g a further embodiment using a 20 

fluorescent layer separalely disposed. 
FrG. S is a schematic and typical cross section of the 

muhi-color light emission apparatus (first invention) of the 
present invention showing an example using a color filter 
and a black matrix. 

FIG. 6 is a schematic and typical cross section of the 
multi-color light emission apparatus (first invention) of the 
present invention showing an other embodiment using a 
protective layer of the fluorescent layers and a transparent 
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. 

25 

30 

FIG. 8 is a schematic and typical cross section of an 35 

example of a conventional multi-color light emission appa
ratus. 

FlG. 9 is a schematic and typical cross section of an 
embodiment of the multi-color light emission apparatus 
(secood invention) of the present iavcntion. 40 

FIG. 10 is a schematic and typical cross section of the · 
multi-color light emission apparatus (second invention) of 
the present invention showing another embodiment using a 
transparent adhesive layer. 

45 
FIG. 11 is a schematic and typical cross section of the 

multi-color light emission apparatus (second invention) Of 
the present invention showing a further embodiment using a 
transparent adhesive layer and a traDSparent protective layer 
of the fluorescent layers. 

50 
HG. 12 is a schematic and typical cross section of the 

multi-color light emission apparatus (second invention) o[ 
the present invention showing a still further embodiment 
using a transparent protective layer o[the fluoresc.ent layers. 

FIG. 13 is a schematic and typical brokeo. view of the 55 
multi-color light emission apparatus (second ioveation) 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 tb.e 
multi-color light emission apparatus (second invention) of 60 
the present invention showing a still further embodiment 
using a transparent adhesive layer, a protective layer of the 
fluorescent layers, and two transparent and insulating inor
ganic oxide layers. 

F[G, 15 is a schematic and typical cross section of an 65 

example of a conventional multi-color light emission appa
ratus. 

tering. 

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

From the above points of view, the fust invention is 
specifically exemplified by the following structures (1)-(3), 
which are respectively shown in FIGS. 1-3. IncidenLally, a 
fluoresc.ent layer may convert the light emitted from an 
organic EL device into light of a wave length longer than 
that of the light emitted from the organic EL device. 

(1) Support substrate 2/organic EL device 1 (electrode 
le/organic compound layer lb/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 
la/gap 6/lransparent inorganic oxide substrate 
4/fiuorescent layer 3/proteclive layer 7 of the fluores-
cent layers) 

(3) Support substrate 2/organic EL device 1 (electrode 
le/organic compound layer lb/transparent electrode 
la/gap 6/transparent inorganic oxide substrate 
4/fl.uorcscent 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 adhesive. 

Also, in the structures (1) to (3), as shown in FIG. 4, the 
fluorescent layers 3 which emit rays of fluorescent light of 
different colors arc separately disposed on the same plane to 
obtain emitted light of the three primary colors (RGB). [o 
this case, the plale thickness of the transparent inorganic 
oxide substrate 4 is preferably in a range of from 1 pm to 200 
pm. Further, as shown in FIG. 5, a color filter 9a may be 
arranged on each of the fluorescent layers 3 to control the 
fluoresc.ent colors and thereby to promote the color purity. 
Also, a black matrix 9b may be disposed between the 
fluorescent layers or color filters to prevent light leakage and 
thereby to promote the visibility of multi-color emitted light. 

Next, the multi-color light emission 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 not limited to the materials described 
hereinafter which correspond to the lowest demands of these 
elements. 
1. Organic BL Device 

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

These structures comprises fundamentally an emitting 
layer composed of an organic compound which is sand-
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wicbed 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/cathode; 
(2) Anode/positive hole injection layer/emitting layer/ 

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

aod 
(4) Anode/positive hole injection layer/emitting layer/ 

electron injection layer/cathode. 
(a) Aoode 

8 

wherein X represents lhe following compound. 

10 

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

An anode using, as an eled.rode material, metals, alloys, 
electro 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 electrode material are 
metals such as Au and electro conductive materials such as 
CUI, ITO, Sn02, and ZaO. A thin film of each of these 
electrodes is formed by means of vapor deposition, 20 
sputtering, or the like to produce tbe 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 
case1 the anode corresponds to the transparent electrode. 25 
Also, the sheet resistance of the anode is preferably less than 
several hundreds Q/o. The thickness of the anode is usually 
from 10 nm to 1 µm, preferably from 10 nm to 200 om, 
although this depends on the material used. 

00 
Io the above compounds, a phenyl group, pbenylene 

group, and oaphthyl group may be substituted with one or 
more alkyl groups having from 1 to 4 carbon atoms, alkoxy 
groups, hydroxyl groups, sulphonyl groups, carbonyl 
groups, amino groups, dimethylamino groups, and dipheny
lamino groups. Also, these groups may be combined to form 
a saturated five-membered ring or a saturated six-membered 

(b) Emitting layer 
Major emitting materials for the organic EL device are 

organic compounds. As specific examples of the organic 
compounds used for the emitting layer, the following com
pounds are given, depending on the desired color. · 

30 ring. Further, it is preferable that the phenyl group, phe
nylene group, and naphtbyl group be substituted at a para 
position so as to be easily substituted and lo form a smooth 
deposition film. The compounds represented by the follow-

First, emitted light of ultraviolet to the violet color region 35 
can be prepared using the organic compounds represented 
by the following general formula, 

(CH,h 

ing formula are given as examples of the compounds sub
stituted at a para position. Among these compounds, 
p-quarterphenyl derivatives and p-quinquepbenyl deriva-
tives are preferable. 

P-qlticqucphcnyl. (PQP) 

(I) 

(2) 

(3) 

(4) 

CH,), 

3, S, 3"", 5""'-tctrn-t-butyi-sc:dphccyl (lBS) 

• '':1,', ··'.' 
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-continued 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12.) 

(13) 

(14) 
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-continued 

H 

(at,h 

J, S, J"'", S""'·tetra·l·butyl-p-quinqucphcnyl (TBQ) 

Next, given as examples of the organic compounds used 
for producing emiUed light of a blue color to a blue-green 30 

color or a green color arc fluorescent bleaching agents such 
as a benrotbiazole type, benzoimidazole type, and benzox
azole type; metal chelated mdaoid compounds, and styryl 
benzene type compounds. 

12 

(15) 

(16) 

p 
b 

(17) 
(CH3)3 

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 styryl benzene type compowids are 1,4-
bis(2·methylstyryl)benzeoe, l,4-bis(3·methylstyryl) 
benzene, l,4-bis(4-methylstyryl)benzene, distyrylbenzene, 
1,4·bis(3-ethylstyryl)benzene, l,4-bis(2-methylstyryl)-2-
methylbenzene, l,4-bis(2-methylstyryl)-2-etbylbenzene, 
and the like. 

Further, distyryl pyrazine derivatives disclosed in Japa
nese Patent Application Laid-open No. 252793/1990 can be 
used as the material for lhe emitting layer. Typical examples 
of these derivalives are 2,S-bis(4·methylstyryl)pyrazine, 
2,5-bis(4-ethylstyl)'l)pyrazine, 2,5-bis(2-(1-naphthyl)vinyl] 
pyrazine, 2,5wbis(4-mctboxystyryl)pyrazine, 2,5-bis[2-(4-
biphenyl)vinyl]pyrazine, 2,5-bis[2w(1-pyrenyl)vinyl] 
pyrazine, and the like. 

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

Other than the above-mentioned fluorescea.t bleaching 
agents, metal chelated oxinoid and styryl benzene, the 
following compounds can be used as the material for the 
emitting layer: 

12wpbthaloperinone (J. Appl. Phys., Vol 27, L713, 
(1988)), l,4-diphenyl-1,3-butadiene, l,1,4,4-tetraphenyl-1,3 

Illustrating specific compounds, for example, the com- 35 
pounds disclosed in Japanese Patent Application Laid-open 
No. 194393/1984 are exemplified. Among these, typical 
examples are fluorescent bleaching agents including a ben
zoxazole type such as 2,5-bis(S,7-di-t-pentyl-2-
benzox:azol yl)-1,3 ,4-thi ad iazole, 4,4' -bis( 5, 7-di-t-pentyl-2- 40 

benzoxazolyl)stilbene, 4,4'-bis(S,7-di-(2-methyl-2-butyl)-2-
benzoxazolyl)stilbene, 2,5-bis(S, 7-di-t-pentyl-2-
benzoxazolyl)thiophene, 2,5-bis{S-a,a-dimethylbenzyl-2-
benzoxazolyl)thiophene, 2,5-bis(5-7-di(2-methyl-2-butyl)-
2-benzoxazolyl)-3,4-diophenylthiophene, 2,5-bis(5-methyl- 45 
2-benzoxazolyl) thiophene, 4, 4'-bis(2-beozoxazolyl) 
bipbenyl, 5-methyl-2-[2·[ 4-(5-methyl-2-benzoxazolyl) 
pheoyl]vinyl]benzoxazole, 2-[2-( 4-cblorophenyl)vinyl] 
naphtho[l,2-dJoxazole, and the like~ benzothiazole type 
such as 2-21-(p-pbenylenedivinylene)-bisbenzothiazole and so 
the like; and benzoimidazole type such as 2-(2-[4-(2-
benzoimidazolyl)phenyl]vinyl]bea.zoimidazole, 2-[2-(4-
carboxyphenyl)vinyl]benzoimidazole, and the like. In 
addition, other useful compounds are enumerated in Chem
istry of Synthetic Dyes, 6:!S---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-quinoliool) 60 

magnesium, bis(benzo(fJ-8-quinolinol) zinc, bis(2-metbyl-
8-quioolinolate) aluminum oxide, tris(8-quinolinol) indium, 
tris (5-methyl-8-quinolinol) aluminum, 8-quinolinol 
lithium, tris (5-chloro-8-quinolinol) gallium, bis(5-chloro-
8-quiooli.nol) calcium, poly[zinc(II)-bis(S-hydroxy-5- 6S 

quinolinonyl)methane], and the like and dilithium epin
etridione. 

55 butadiene (Appl. Phys. Lett., Vol 56, L799, (1990)), naph· 
thalimide derivatives (Japanese Patent Application Laid
open No. 305886/1990), perillene derivatives (Japanese 
Patent Application laid-open No. 189890/1990), oxadiawle 
derivatives (Japanese Patent Application Laid-open No. 
216791/1990 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 (Japanese Patent 
Application Laid open No. 220394/1990), cyclopentadiene 
derivatives (Japanese Patent Application Laid-open No. 
289675/1990), pyrrolopyrrole derivatives (Japanese Patent 
Application Laid-open No. 296891/1990), styrylamine 

~ ., . 
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dedvatlves (Appl. Phys. Lott., Vol 56, L799, (1990)), oou
marine type compounds (Japanese Patent Application Laid
open No. 191694/1990), and macromolecular compounds 
described in the International Disclosure Official Gazette 
W090/13148 or Appl. Phys. Lott., Vo158, 18, P1982 (1991). s 

The thickness of the emitting layer is preferably in a range 
from 5 am to 5 !llil, though there are no limitations to the 
thickness of the emitting layer produced in such a manoer 
and the thickness of the emitting layer is optionally selected. 

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

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

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

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

In the present invention, as the materials used for the 
emitting layer, aromatic dimetbylidine type compounds 
(compounds disclosed in the specification of EPC No. 
0388768 or Japanese Patent Application Laid-open NO. 
231970/1991) are preferably used. Specific Examples of 10 

such compounds are 1,4-pbenylencdimethylidyne, 4,4-
phenyleaedimetbylidyne, 2,5-xylenedimethylidyne, 2,6-
napbthylenedimethylidyne, 1,4-biphenylenedimetbylidyoe, 
1,4-p- tere p henyle n e dime thy lid y ne, 9, 10-
antbracenediyldimethylidyne, 4,4'-bis(Z,2-di-t- 1s 
butylphenylvioyl)biphenyl (heceinaftec ·abbreviated as 
(D TBPVBi) ), 4,4'-bis(2,2-dip henylvinyl)bip hen yl 
(hereinafter abbreviated as (DPVBi), and derivatives of 
these. 

Incidentally, there may be a difference in ease between the 
injecting of electrons and the injecting of positive holes. 
Also, there maybe adilference between the trans[erability of 

20 positive boles and that of electrons in terms of mobility. Also, the compounds represented by the general formula 
(R.,.-0)2-AL-0-L, which are described io Japanese 
Patent Application La.id-open No. 258862/1993 can be used, 
wherein L represents a hydrocarbon having 6-24 carbon 
atoms and including a phenyl group, 0-L represents a 
phenolate ligand, Q represents a substituted 8-quinolinolate 
ligand, Rs represents an 8-quinolinolate ring substitutional 
group selected to stereo-chemically prevent three or more 
substituted 8-quinolinolate ligands from binding with an 
aluminum atom. 

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

In addition, Japanese Patent Application Laid-open No. 
9953/1994 discloses a method for producing mixed emitted 
light of a blue color and a green rolor by doping in an 
efficient manner. When using this method for forming the 
emitting layer oftbe present invention, the above-mentioned 
emitting material is used as a host. As a dopant. a strongly 
fluorescent coloring material of a blue color to a green color, 
for example, a coumarin type or fluorescent coloring mate
rial similar lo 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 
caii. be givea.. As the dopant, diphenylaminostyryl arylene, 
preferably, for example, 1,4-bis{4-N,N'
diphenylamino }styryl}benzeae (DPAVD) can be given. 

As the methods for forming an emitting layer using the 
above maLerials, known methods, for example, a vapor 
deposition method, a spin-coating method, a LB method, or 
the like can be applied. A preferred emitting layer is espe
cially a molecularlysedimentary film. The molecularly sedi
mentary film is a film formed by deposition of a subject 
compound in a vapor phase or a film formed by solidifying 
a subject compound in a solution or in a liquid phase. The 
molecularly sedimentary film is generally distinguished 
from a thin 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 manner 
by a method disclosed in Japanese PatentApplication Laid
open No. 51781/1982 in which a binding agent such as a 
resin and a subject compound are dis.solved in a solvent to 
make a solution and then a thin film is formed from the 
solution using a spin-coating method or the like. 

However, it is desirable to transfer either positive holes or 
electrons. 

(c) Positive hole injecting layer 
Any material optionally selected from photo-conductive 

25 materials conventionally used as a material for transferring 
a charge of positive holes aod from known materials used for 
a positive bole injectiog 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 bole 

30 injecting layer which has a function either as a positive hole 
injecting layer or as a barrier for ao electron may be either 
an organic or inorganic compound. 

Given as examples of these con.veotional materials are 
triazole derivatives (see the specification of U.S. Pat. No. 

35 3,112,197, etc.), oxadiazole derivatives (see the specifica
tion of U.S. Pat. No. 3,189,447, etc.), imidazole derivatives 
(Japanese Palent Publication No. 16096/1962, etc.), pol
yarylalkane derivatives (see the specifications of U.S. Pat. 
No. 3,615,402, U.S. Pat. No. 3,820,989, U.S. Pat. No. 

40 3,542,544, Japaa.ese Patent Publications No. 555/1970 and 
No. 10983/1976, and Japanese patent Applications laid-open 
No. 93224/1976, No. !7105/1980, No. 4148/1981, No. 
108667/1980, No.156953/1980, and No. 36656/1981, etc.), 
pyrazoline derivatives and pyrazolone derivatives (see the 

45 specifications of U.S. Pat. No. 3,180,729, U.S. Pat. No. 
4,278,746, and Japanese Patent Applications Laid-open No. 
88064/1980, No. 88065/1980, No. 105537/1974, No. 51086/ 
1980, No. 80051/1981, No. 88141/1981, No. 45545/1982, 
No. 112637/1979, and No. 74546/1980, etc.), phenylenedi-

so amine derivatives (sec the specifications of U.S. Pat. No. 
3,615,404, Japanese 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-

ss fl.cations 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. 35702/1974 and No. 27577/1964, Japanese 
Paten! Applications Laid-open No. 144250/1980, No. 

60 119132/1981, and No. 22437/1981, and DRP No. 1,110,518, 
etc.), amino substituted chalcone derivatives (see the speci
fication of U.S. Pal. No. 3,526,501,etc.), oxa2.0Ie derivatives 
(see the specification of U.S. Pat. No. 3,257,203, etc.), 
styrylantbrac.ene derivatives (see the specification of Japa-

65 nese Patent Application Laid-open No, 46234/1981, etc.), 
fluorenone derivatives (see lbe specification of Japanese 
Patent Application Laid-open No. 110837/1979 and etc.), 

..:,,., 1~·-•. ·~ ~-. ' . 
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bydrazone derivatives (see the specifications of U.S. Pat. layer, inorganic compounds such asp type Si and p type SiC 
No. 3,717,462, Japanese Patent Applications Laid-open No. can be utilized as the material used for the positive hole 
59143/1979, No. 52063/1980, No. 52064/1980, No. 46760/ injecting layer. 
1980, No. 85495/1980, No. 11350/1982, No. 148749/1982, The positive hole injecting layer can be produced by 
and No. 311591/1990, etc.), stilbenc derivatives (see the forming a thin film of the above-mentioned compound using 
specifications of Japanese Patent Applications Laid-open a conventional method such as a vacuum deposition method, 
No. 210363/1986, No. 228451/1986, No. 14642/1986, No. spin-coating method, casting method, LB method. or the 
72255/1986, No. 47646/1987, No. 36674/1987, No. 10652/ like. There are no restrictions as to the thickness of the 
1987, No. 30255/1987, No. 93445/l985, No. 94462/1985, positive bole injecting layer. However, the thickness of the 
No. 174749/1985, and No. 175052/l985, etc.), silazane 10 positive hole injecting layer is generally from 5 nm to 5 µm. 
derivatives (sec the specification of U.S. Pat. No. 4,950,950, This positive hole injecting layer may be structured of one 

layer made from one or more of the above materials or may 
etc.), polysilane type (see the specification of Japanese be a layer in which other positive hole injecting layers made 
Patent Application Laid.open No. 204996/1990, etc.), from compounds differing from the compound of that layer 
aniline type copolymers (see the specification of Japanese are laminated on that layer. 
Patent Application Laid.open No. 282263/1990, etc.), and 15 (d) Electron injecting layer 
electro conductive macromolecular o!igomers (especially a The electron injecting layer provided as required may 
thiophene oligomer) disclosed in Japanese Patent Applica· have the function of transferring, to the emitting layer, the 
lion Laid·open No. 211399/1989. electrons injected from the cathode. Optioo.alcompounds 

As the materials used for the positive hole injecting layer, selected from conventionally known compounds may be 
the above compounds can be used. Among these, polphyrin 20 used. 
compounds (disclosed in Japanese Patent Application Laid- Typical examples of these compounds include nitro-
opeo No. 2956965/1988) and aromatic tertiary amines and substituted fluorene derivatives; anthraquinodimethane 
styrylamine compounds (see the specifications U.S. Pat. No. derivatives disclosed in Japanese Patent Applications Laid· 
4,127,412, Japanese Patent Applicatioas Laid-open No. open No. 149259/1982, No. 55450/1983, and No. 104061/ 
27033/1978, No. 58445/1979, No.149634/1979, No. 64299/ 25 1988; diphenylquinooe derivatives, thiopyrane dioxide 
1979, No. 79450/1980, No.144250/1980, No. 119132/1981, derivatives, heterocyclic tetracarboxylic acid anhydrides 
No. 295558/1986, No. 98353/1986, and No. 295695/1988, such as naphthaleneperilleoe and the like, aodcarbodiimides 
etc.) are preferable. It is especially preferable to use the which are all disclosed in Polymer Preprints, Japan Vol. 37. 
aromatic tertiary amines. No. 3 (1988) p. 681 and the like; fluoreoylidenemethane 

Typical examples of the above porphyrin compounds are 30 derivatives disclosed in Japanese Journal of Applied 
porphin, l,10,15,20-tetraphenyl-21H, 23H·porpbin copper Physics, 27, L269 (1988), Japanese Patent Applications 
(II), 1,10,15,20·telrapbenyl-21H, 23H-porpbin zinc (II), Laid.open No. 696657/1985, No. 143764/1986, and No. 
5,10,15,20·tetralds(pentafiuoroph.eay1)·21H, 23H·porpbio, 148159/1986; aothraquinonedimethaoe and aotbrone 
silicon phthalocyanine oxide, aluminum pbthalocyanine derivatives disclosed in Japanese Patent Applications Laid· 
chloride, phtbalocyanine (non-metal), dilithium 35 open No. 225151/1986 and No. 233750/1986; oxadiazole 
phtbalocyanine, copper tetramethylphtbalocyanine, oopper derivatives disclosed by the above-described Hamada et al. 
pbtbalocyanine, chromium phtbalocyanine, zinc at the conference of Appl. Phys; and a series of an electron 
phthalocyanine, lead phthalocyanine, titanium phthalocya- transfer compounds disclosed in Japanese Patent Applica-
nine oxide, magnesium phthalocyanine, copper tion Laid-Open No. 194393/1984. Incidentally, though the 
octametbylphtbalocyanine, and lbe like. 40 above electron lransfer compounds are disclosed as the 

Typical examples of the above aromatic tertiary amine materials used for the emitting layer in Japanese Patent 
and styrylamine compounds are N,N,N',N'-tetraphenyl·4,4'- Application Laid·open No. 194393/1984, it is confirmed as 
diaminophenyl, N,N'-dipbenyl·N,N-bis·(3·methylphenyl)· a result of the studies of the present inventors that these 
[l,l'-biphenyl]·4,4'·diamine (hereinafter abbreviated as compounds can be used as the materials for the electron 
"TPD"), 2,2·bis (4-di·p-tolylaminopbenyl)propane, 1,l·bis 45 injecting layer. 
(4-di-p-tolylaminopbenyl)cyclobexane, N,N,N',N'·letra-p- Also, thiazole derivatives produced by replacing an oxy-
tolyl--4,4'·diaminophenyl, 1,1-bis(4·di·p-tolylaminopbenyl)- gen atom of the above oxadiazole ring with a sulfur atom 
4·phenylcyclohexane, bis(4·dimethylamino-2- and quinoxalioe derivatives having a quinoxaline ring 
met hy lp hen yl) p hen y lm ethane, bis( 4. d i-p- known as an electron attracting group are given as examples 
tolylaminophenyl)phenylmethane, N,N1-diphenyl·N,N1.di so of the materials for the electron injecting layer. Further, 
(4-methoxypbenyl)·4,4'-diaminobipbenyl, N,N,N',N'~ included as examples of tbe materials for the electron 
tetraphenyJ-4,4'·diaminopbenyl ether, 4,4·bis injecting layer are metal complexes of s.quinolinole, 
(diphenylamino)quadriphenyl, N,N,N·tri(p·lolyl)amine, specifically, tris(8-quinolinole) aluminum (hereinafter 
4{di-p-tolylamino)-4'·[4{di-p-tolylamino)styryl]stilbene, abbreviated as "Alq"), tris(5,7-dibromo-8-quinolinole) 
4-N,N·diphenylamino·(2·diphenylvinyl)benzene, 55 aluminum, tris(2-metbyl-8·quinolinole) aluminum, tris(5-
3-methoxy·4'-N ,N-d ipbenyl aminostylbenzene, methyJ.8.quinolinole) aluminum, bis(S-quinolinole) zinc 
N·pbenylcarbazole, compounds having two condensed aro. (hereinafter abbreviated as "Znq'?, and metal complexes 
matic rings in a molecule, for example, 4,4'-bis(N·(l- produced by replacing the primary metals of these metal 
naphthyl)-N·phenylamino )biphenyl (hereinafter abbreviated complexes with In, Mg, Cu, Ca, Sn, Ga, or Pb. 
as (NPD)) disclosed in U.S. Pat. No. 5,061,569, and com· 60 Other than the above, melat.free or metal phthalocyanine 
pounds in which three tripbenylamine units are combined in compounds of 8·quinolinole derivatives or compounds pro-
a star-burst shape, for example, 4,4',411 -tris[N·(3· duced by replacing the terminal group of these compounds 
melbylphenyl)·N·phenylamino ]triphenylamine (hereinafter wilb an alkyl group, sulphonic acid group, or the like. Also, 
abbreviated as (MIDATA)) disclosed in Japanese Patent the distyryl pyrazioe derivatives caa be used as the materials 
Application Laid.open No. 308688/1992, and the like. 65 for the electron injecting layer. Similar to the positive bole 

Also, other than the above-mentioned aromatic dimelby· injecting layer, inorganic semiconductors such as n-type-Si, 
lidine compounds shown as the material for the emitting o-type-SiC, or the like may be used. 

IPR2020-01059 
Apple EX1002 Page 178



5,909,081 
17 

Toe electron injecting layer can be produced by forming 
a tbin film 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 5 
electron injecting layer. However, the thickness of the elec
tron injecting layer is generally from S nm to 5 Jtm. This 
electron injecting layer may be structured of one layer made 
from one or more of the above materials or may be a layer 

18 
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 µm, 
preferably from 10 to 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 formed on the anode. 
Formation of the positive hole iojecling layer can be carried 
out, as mentioned above, by means of vacuum deposition, 
spin-coating, casting, LB, or the like. Among these means, 

in which other electron injecting layers made from com- 10 
pounds differing from the compound of that layer are 
laminated on that layer. 

(e) Cathode 
As examples of the cathode, those using, as an electrode 

material, metals (these are called "electron injecting metal"), 
alloys, electro conductive compounds, and mixtures of these 
which have a low work function (less than 4 e V) are used. 
Given as examples of such an electrode material are metals 
such as sodium, sodium/potassium alloy, magnesium, 
lithium, magnesium/copper mixtures, magnesium/silver 
mixtures, magnesium/aluminum mixtures, magnesium/ 20 
indium mixtures, .aluminum/aluminum oxide (A120 3), 

indium, lithium/aluminum mixtures, and rare earth metals, 
and the like. Among these, preferred examples are mixtures 

vacuum deposition is preferable lo form a homogeneous film 
with ease and lo prevent occurrence of pin boles. When 

. forming the positive hole injecting layer by means of 

15 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 positive bole injecting 
layer, and the like. However, it is generally preferable to 
appropriately select the depositing conditions from a depos
iting source temperature ranging from 50 to 450° C., a 

of the electron injecting metal and a secondary metal which 
bas a high work function and is stable in consideration of 25 
electron injecting capability and durability to oxidation as lln 
electrode. Specifically, magnesium/silver mixtures, 
magnesium/aluminum mixtures. magnesium/indium 
mixtures, aluminum/aluminum oxide (A120 3), and lithium/ 
aluminum mixtures are given as the preferred examples. 30 

vacuum ranging from 10-7 to 10-3 torr, a depositing speed 
ranging from 0.01 to SO nm/sec~ a substrate temperature 
ranging from -50 to 300° C., and a film thlCkness ranging 
from 5 nm to 5 Jlm. 

Next, an emitting layer is formed on the positive hole 
injecting layer using a desired organic emitting 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, sptittering, spin-coating, and 
casting. Among these means, vacuum deposition is prefer-A thin film of each of these electrode materials is formed 

by means of vapor deposition, sputlering, or the like lo 
produce the cathode. 

If the light emitting from the emitting layer is taken out of 
the cathode in this manner, it is desirable that the transmit- 35 

tance by the cathode of the emitted light be more than 10%. 

able to form a 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 depositing conditions can be selected from 

In this case, the cathode corresponds to the transparent 
electrode. 

Here, the sheet resistance of the cathode is preferably less 
than several hulldreds 0/0, The thickness of the cathode is 
usually from 10 nm to 1 Jtm, preferably from 50 nm to 200 
nm. 

In the multi-color light emission a'pparatus using an 
organic EL device as a emitting member, for example, one 
electrode pattern line perpendicular to another pattern line iS 
usually .formed. When forming the electrode on a thin film 
of.an organic compollnd layer such as an emitting layer or 
the -like using a photolithography method including wet 
etching, an organic compound layer is caused to greatly 
deteriorate ·so that the· photography method cannot be used 
in a stable manner. 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 organic campound layer for example on the glass 
plate, the pattern of the electrode pattern may be formed by 
photolithography. 

(f) Manufacture of Organic EL device (example) 
Using the above exemplified materials and melhods, 

anode (for example, transparent electrode), an emitting 
layer, positive bole iojecting layer as required, and electron 
injecting layer as required are formed and further a cathode 
(for example, electrode) is fanned in that order to manu
facture an organic EL device.Also, an organicELdevicecan 
be manufactured in the reverse order. 

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

almost the same condition ranges as in the formation of the 
positive hole injecting layer. 

Next, an electron injecting layer is formed on the emitting 
40 layer. It is preferable to form the electron-injecting layer by 

vacuum depositioo to produce a homogeneous film in the 
same way as in the formation of the positive hole injecting 
layer or the emitting layer; The depositing co.nditions can be 
selected from almost the same condition ranges as ·in the 

45 formation of the positi\'e bole injecting layer or the emitting 
layer. 

Finall}', a-cathode is laminated on the electron injecting 
layer to produce an organic EL element. 

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

. preferably used to protect the backing organic material from 
damage in forming a film. 

When the organic EL device are produced fa the above
mentioned piocesses, it is preferable that the steps from the 

55 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 5-40 volts, allowing 
the anode and the cathode to be provided with the positive 

60 (+) polarity and the negative(-) polarity respectively, lumi
nance can be detected. When both the anode and the cathode 
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 

65 the cathode are respectively polariud to the (+) polarity and 
the (-) polarity. The wave form of the a.c. 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. Transparency is not 
required for the materials of the support substrate. Materials 5 
which are shielded from light are rather preferable lo 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 limi
tations to the thickness of the support substrate to the extent 

10 
that it can reinforce a thin transparent glass plate to be 
laminated subsequently without camber and distortion. 

20 
In addition, these types of fluoresc.ent coloring materials 

and pigments may be, as required, used either independently 
or in combination. The conversion rate of the fluorescent 
coloring material to red color is low. By mixing the above 
pigments, the rate of conversion from light emission to 
fluorescent emission can be increased. 

On the other band, .as the binder resin, transparent mate-
rials (transmittance of visible rays: more than 50%) are 
preferable. Givett as examples of such transparent materials 
are transparent resins (polymer) such as polymethyl 
metbacrylate, polyacrylate, polycarbonate, polyvinyl 
alcohol, polyvinyl pyrrolidone, bydroxyethyl cellulose, and 
carboxymetbyl cellulose. 

Incidentally, photosensitive resins which can be used in 
photolithography are also selected to separately dispose the 
fluorescent layers 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 

Typically, for example, a ceramic plate, metal plates 
which are processed by insulating treatment using inorganic 
oxides such as silica, alumina, or the like can be used as the 
materials for the support substrate. Ia the case of using 15 
transparent materials such as glass plates (soda lime glass, 
heat resistance glass, and the like), quartz glass plates, or the 
like, the surface opposite to the organic EL device may be 
provided wilh a light-shielding film, reflecting plate with a 
black film, or the like. 20 (medium) using a transparent resin are selected, Given as 

examples of these transparent resins are a polyvinyl chloride 
resin, melamine resin, phenol resin, alkyd resin, epoxy resin, 
polyurethane resin, polyester resin, maleic acid resin, 

3. Fluoresc.ent Layer 
Toe fluorescent 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 fluorescent layer composed of the fluorescent 25 

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 
explained. First given as examples of the coloring material 30 
convertiag ultraviolet or violet emission of the organic EL 
device to blue emission are stilbene type coloring m~terials 
such as 1,4-bis(2-methyl styryl) benzene (hereinafter abbre
viated as (Bis-MSB)) and trans-4.4'-diphenyl stilbene 
(hereinafter abbreviated as (DPS)) and coumarin type col- 35 

oring materials such as 7-hydroxy-4-methyl coumarin 
(hereinafter abbreviated as (coumarin 4)). 

Given as examples of the coloring material converting 
blue or blue-green emission of the organic EL device to 
green emission are a coumarin type coloring material such 40 
as 2,3,5,6-lH, 4H-tetrahydro-8-trifluoromethylquinolizino 
(9,9a,1-gb)coumarin (hereinafter abbreviated as (coumarin 
153)), 3-(2 '-benzothiazolyl)-7-diethylaminocou marin 
(hereinafter abbreviated as (coumarin 6)), and 3-(2'
benzimidazolyl)-7-N,N'-diethylaminocoumarin (hereinafter 45 
abbreviated as ( ooumarin 7)), other coumarin coloring male
rial type dyes such as basic yellow 51, and aaphthalimide 
type coloring materials such as solvent yellow 11 and 
solvent yellow 116. 

Given as examples of the coloring material converting 50 

blue-green emission of the organic EL device to orange-red 
emission are cyanine type coloring materials such as 
4-dfoyanomethylene- 2-methyl-6-(p-<iimethylaminostyryl)-
4-H-pyran (hereinafter abbreviated as (DCM)), pyridine 
type coloring materials such as 1-ethyl-2-(4-(p- 55 
dimethylaminophenyl)-1,3-butadienyl)-pyridinium
perchlorate (hereinafter abbreviated as (pyridine 1)), 
rhodamine type coloring materials such as rbodamine B and 
rhodamine 6G, and oxazine type coloring materials. 

Further, various dyes (direct dye, acidic dye, basic dye, 60 

disperse dye) can be used provided that they exhibit fluo
rescence. Also, pigmental materials in which the above 
fluorescent coloring material is kneaded in advance in a 
pigmental resin such as polymetbacrylate ester, polyvinyl 
chloride, vinyl chloride-vinyl acetate copolymer, alkyd 65 

resin, aromatic sulphonamide resin, urea resin, melamine 
resin, benzoguanamine resin, or the like may be used. 

monomers, oligorners, and polymers of a polyamide resin, 
polymethylmetbacrylate, polyacrylate, polycarbonate, poly
vinyl alcohol, polyvinyl pyrrolidone, hyd1oxyetbyl 
cellulose, and carboxymethyl cellulose. . 

The fluorescent layers are commonly manufactured by the 
following processes. The fluorescent layers mainly com
posed of fluorescent 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 fl.umescent layers composed of fluorescent 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 method, roll-coating 
method, or casting method, and patterning with a desired 
pattern for the fluorescent layers using a photolithographic 
method or a screen printing method. 

There are no limitations to the thickness of the fl.uoresc.ent 
layers to the extent tbat the emission of the organic EL 
elements is sufficiently absorbed and the function of emit
ting fluoI'escent light is oat impaired. Toe thickness of the 
fluorescent layers is in a range of from 10 nm to 1 mm 
approximately. 

For the fluorescent layer composed, especially, of fluo
rescent coloring materials and a binder resin, the conc.en
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 concentration quenching of 
.fluorescence. The concentration of the .fluorescent 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 typo of the fluorescent coloring material. 

In addition, because th efluorescence conversion efficiency, 
especially, to a red color is low, fluorescent layers of a green 
color and a 1ed color may be laminated to improve the 
efficiency. 
4. Transparent Inorganic Oxide Substrate 

As examples of the transparent inorganic oxide substrate 
used in the present invention, a substrate 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-
lating material. 
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Such an inorganic oxide substrate has a high efficiency in 
shielding, especially, aqueous vapor, oxygen, organic com
pound gas, and the like. 

It is desirable that the plate thickness be as small as 
possible to improve the cbaracteristi~ in the angle of view, 5 
when the fluorescent layers which absorb the light emission 
from the organic EL device and emit different fluorescent 
emission are separately disposed on the same plane to emil 
multi-color light such as the three primary colors (ROB). 

Usually, inorganic oxide substrates with a thickness of 10 

from 700 µm 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 µm. to 700 µm, and preferably 
from 1 µm to 200 µm is used, 

If the thickness of the inorganic oxide substrate is not 1s 
greater than 1 µm., 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 organic EL devices are laminated, using a sealing 
means, the inorganic oxide substrate is bent, showing 20 

remarkable camber or distortion. On tbe other hand, if the 
thickness exceeds 200 µm, there is the case where the light 
emitted from the organic EL device leaks from gaps between 
the inorganic oxide substrate 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 layer. · 
5. Sealing Means 

There are no limitatioos as to the sealing means used in 
the present invention. Materials, for example, composed of JO 
an ordinary adhesive may be used as the sealing means. 

22 
from several µm to 200 µm in general, though this depends 
on the fineness of the multi-color light emission. 
7. Protective Layer of the Fluorescent Layers (transparent 
fiat film) 

A protective layer of the fluorescent layers (transparent 
fl.at film) used as required in the present invention is used so 
that the fluorescent layer and color filter (including a black 
matrix) located at the outside of the multi-color light emis
sion apparatus are protected from physical damage and 
deterioration from externally environmental factors such as 
water, oxygen, light, and the like. The protective layer is 
preferably composed of a transparent material with a visible 
light transmittance 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 rnethacrylate type such as a pbotocurable 
resin a.ad/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, polymetbyl metbacrylate, 
polyacrylate, polycarbonate, polyvinyl alcohol, polyvinyl 
pyrrolidone, hydroxyethyl cellulose, and the like. 

A UV ray absorber may be added to the protective layer 
to improve the light resistance of the fluorescent 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 a photo
curable resin, the film is irradiated with UV rays and is 
beat-cured as required. whereas if the material is a heat-
curable resin, the film is heat<ured as is after the film is 
formed. On the olher hand, when the material is shaped as 
a film, the material may be applied to the fluorescent layer 
using an adhesive. 

There are no limitations 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 l,ttm to 5 mm. 
8. Transparent Substrate 

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 35 

2<yanoacrylate 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 40 
preferable because there is the case where the organic EL 
device deteriorates from heat treatment. Given as examples of lhe material used for a transparent 

substrate are transparent glass substrates (ordinary visual 
light transmittance of 50% or more) including inorganic 

45 oxide substrates composed of such materials as soda lime 
glaS5, heat resistance glass, quartz plate, and the like, and 
polymer substrates. 

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 BL device is never 
irradiated with UV light such as by masking or the like is so 
effective. 
6. Gap 

In the present 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 ss 
device. If a material used for a sealing means is directly 
applied to the organic EL device, the organic EL device 
lends to be broken by the stress produced when the material 
is cured. 

It is desirable that inert gas such as nitrogen. argon, or the 60 

like, or an inactive liquid such as hydrocarbon fluoride or the 
like be sealed into the gap, because the organic fil..device are 
liable to 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 65 

hence the angle of view is greatly reduced. Therefore, the 
width of the gap should be preferably small, specifically 

•,, . 

. :~-'.1·:~i~:--' .;:,. 
~.l'-Mr\9~·· 

Because the thickoes.s of the transparent substrate bas no 
influence on the angle of view, there are no limitations as to 
the thickness. However, when the thickness is too great, it 
has some in(luence on the light transmittance, so that the 
thickness is preferably ia a range from 1 p.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 a film of the 
fluorescent layer. Specifically, the abovunentioned inor-
ganic oxide substrate is applied to tbe transparent substrate 
using an ordinary transparent adhesive used sucb for the 
sealing means, after the formation of tbe film of the fluo
rescent layer. The resulting substrate may be then combined 
with the support substrate on which the organic EL device is 
laminated to seal tbe 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 patlerning on desired positions of a material selected 
from known materials, by phololitbography or printing. 
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10. Action of the Present Invention (3) Transparent support substrate 11/red color conversion 
In the present invention, the fluorescent layer is disposed fluorescent layer 3R, green color conversion fluores-

in the position opposite to the organic EL device through the cent layer 3G/protective layer of the fluorescent layers 
inorganic oxide substrate so that gaseous substances such as (transparent flat film) 7/adhesive layer 13/transparent 
organic monomers, aqueous vapor, and tbe like which cause 5 and electrically insulating inorganic oxide layer 
the device to deteriorate are cut by the inorganic substrate, 12/organic EL device 1 (transparent electrode 
whereby the life of the organic EL device and hence the life la/organic compound layer lb/electrode le); and 
of the multi-color light emission apparatus using the organic ( 4) Transparent support substrate 11/red color conversion 
EL device can be improved. fluorescent layer 3R, green oolor conversion Ouores-

on~:;;:~~i:~~r;::~nt~~a~;~!o7chi;~ ;:;fc:~::~~:er: 10 cent Layer 3G/protective layer of the fluorescent layers 
disposed on the same plane to obtain light emission of a (transparent flat film) 7/transparent and electrically 
plurality of colors such as RGB primary colors or the like. insulating inorganic oxide layer 12/organic EL device 1 
The present invention uses the transparent inorganic oxide (transparent electrode la/organic compound layer 
substrate which is disposed on the .fluorescent layer facing lb/electrode le). 
the organic EL device whereby the above-mentioned effects 15 Ared color filter and a green color filter may be assembled 
are expected. Also, the plate thickness of the transparent between the red color conversion fluorescent layer 3R and 
inorganic substrale is in a range of from 1 µm to 200 µm in the transparent substrate, and between the green color con-
the present invention, whereby not only are the above- version fluorescent layer JG and the transparent substrate 
mentioned effects obtained, but also the absorption of the respectively, thereby adjusting colors of light of a red color 
light emitted from the organic EL device to a fluorescent 20 and of a green color to improve these color purities. 
layer other than the desired fluorescent layer and light A blue color filter 14 may be disposed in parallel and 
leakage from the gap between the fluorescent layer and the between the red color conversion fluorescent layer 3R and 
organic EL device decrease and hence light of a desired the green color conversion fluorescent layer 3G, thereby 
color can be produced, ensuring improvement in the char- adjusting the colors of light emitted from the organic EL 
acteristics in the angle of view for multi-color light emis- 25 device to improve the color purities. 
sion. Also, as shown in PIG. 13, a black matrix 9b may be 

Here, the fluorescent layer is used instead of a color filler disposed at least in a space between the O.uorescent layers 3R 
because compared with the case of using the color filter and 3G, and/or the color filter 14 to cut leakage of light 
highly efficient multi-color light emission can be expected as emitted from the organic EL device 1 and thereby to improve 
mentioned above. 30 the visibility of multi-color light emission. 

When a fluorescent layer is disposed on the outside of a Further, as shown in FIG. 14, the transparent and electri-
multi-color light emission apparatus, there are cases where cally insulating inorganic oxide layer 12 may be composed 
the fluorescent layer is damaged by handling and deterio- of two layers, an upper inorganic oxide layer and a lower 
rates from external environmental factors such as water, inorganic oxide layer so that elution of inorganic ions from 
ox:ygeo, light, and the like. In this invention, however, the 35 the lower inorganic oxide layer (for example, soda-lime 
protective layer of the fluorescent layers is disposed on the glass) is restrained by the upper inorganic oxide layer to 
fluorescent layer, thereby protecting the fluorescent layer. protect the organic EL device from the eluted ions. 
Also, the transparent substrate is used for protecting the The thickness of the transparent and electrically insulating 
fluorescent layer or for a support substrate in the step of inorganic oxide layer 12 is defined in a range of from 0.01 
forming the fluorescent layer. 40 Jtm to 200 pm. If the thickness of the transparent and 

II. Multi-color Light Emission Apparatus (second 
invention) and Process for Manufacturiog Thereof 

(third invention) 

The second invention of the present application, desig
nate.cl 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 Umited to the follow
ing red or green color. 

(1) Transparent support substrate 11/fluorescent layer 3R 
for converting into red color (hereinafter called "red 
color conversion fluorescent layer"), fluorescent layer 
3G for converting into green color (hereinafter called 
"green color conversion fluorescent layer'')/transparent 
and electrically insulating inorganic oxide layer 
12/organic EL device 1 (transparent electrode 
la/organic oompound layer lb/electrode le); 

electrically insulating inorganic oxide layer is no I larger than 
0.01 Jan, it is near that of a monolayer of an inorganic oxide 
particle and hence deteriorative gas generated from organic 
compounds of the lower fluorescent layer, protective layer, 

45 and the like never cut. 
On the other hand, if the thickness of the transparent and 

electrically insulating layer exceeds 200 µm, 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 so that the angle of view for multi•color light emission 
narrows, leading to 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 
55 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-

60 moo with those in the first invention are omitted as far as 
possible to avoid redundancies. 

(2) Transparent s_upport substrate 11/red color conversion 
fluorescent layer 3R, green color conversion fluores
cent layer JG/adhesive layer 13/transparent and elec
trically insulating inorganic oxide layer U/organic EL 65 

device 1 (transparent electrode la/organic compound 
layer lb/electrode le); 

1. Organic EL Device 
The organic EL device of this invention is similar to that 

used in the first invention. 
(•) Anode 
Materials similar to those used in the first invenlion can be 

used as the materials for the anode. 
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(b) Emitting layer 
Materials similar to those used in the first invention can be 

used as the materials for an emitting layer. 
(c) Positive bole injecting layer 

26 
be applied to the fluorescent layer or the protective layer can 
be performed so thal these layers never entirely deteriorate. 
Also, the glass plate can especially cut out aqueous vapor, 
oxygen, deteriorating gases such as monomer gas and the 

Materials to those used in the fimt invention can be used 
as the materials for a positive bole injecting layer. 

s like in an efficient manner. 

(d) Electron Injecting Layer 
Materials similar to those used in the first invention can be 

used as the materials for an electron injecting layer. 

Compositions of the glass plate are exemplified in Tables 
1 and 2. Among these, typical examples are sodalime glass, 
barium-strontium containing-glass, lead glass, aluminosili
cate glass, borosilicate glass, barium borosilicate glass, and 

(e) Cathode 
Materials similar to those used in the first invention can be 

used as the materials for a cathode. 
(f) Manufacture of Organic EL Device(example} 
Toe organic EL device used in this invention can be 

manufactured in the same manner as in the first inveation. 

10 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, Si3NJ 
or fluoride (for example, CaRJ It is preferable that the 
thickness of the electrically insulating inorganic oxide layer 

2. Traosparent Support Substrate 
A transparent support 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 
(polyethylene terepbtbalate, polyether sulfide, or the like), 
quartz plate, or the like. There are no limitations as 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. 

1s be from 0.01 µm to 200 Jtm, though tbere are no limitations 
as to the thickness lo the extent that it acts as an obstacle lo 
the light emission of lbe organic EL device. The glass plate 
or !he glass plate product made by forming a film of one or 
more compounds selected from a group consisting of silicon 

20 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 bas preferably a thickness o[ from 1 
Jtm to 200 µrn in consideration of the accuracy and strength 

3. Fluorescent Layer 
Materials similar to those used in the first invention can be 

used as the materials for a fluorescent layer. 

25 
of a plate glass. 

The reason that inorganic oxide compounds including the 
glass plate are desired is specifically because electro con
ductive and transparent inorganic materials such as ITO 
(indium till oxides), which are often used, can be adopted as 
a transparent electrode (anode) of the organic EL device and 4. Transparent and Electrically Insulating Inorganic Oxide 

Layer 30 also because these have excellent mutual affinity and adbe-
A transparent and electrically insulating inorganic oxide 

layer used in the present invention can be formed by 
laminating 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, 35 

sputtering, dipping, spin-coating, roll-coating, casting, 
anodic oxidation of metal film, or the like. 

sion. 
Here, aqueous vapor, oxygen, and gas from organic 

compounds such as monomers and the like exhibit the 
problem of a reduction in the light emission life of the 
organic EL device. lberefore, it is necessary for the trans
parent and electrically insulating inorganic oxide layer to 
possess characteristics that do not cause generation of aque
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. 

The transparent and electrically insulating inorganic 
oxide layer may be formed of either one layer or two layers. 
With the two layer structure composed of an upper inorganic 40 

oxide layer and a lower inorganic oxide layer, elution of 
inorganic ions from the lower inorganic 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 
electrically insulating inorganic oxide layer include silicon 
oxide (Si02), aluminum oxide (A120 3), titanium oxide 
(TIOJ, yttrium oxide (Y2 0 3), germanium oxide (GeOJ, 
zinc oxide (ZnO), magnesium oxide (MgO), calcium oxide so 
(CaO), boron oxide (B20 3), strontium oxide (SrO), barium 
oxide (BaO), lead oxide (PbO), zirconium oxide (Zr03), 

sodium oxide (Na20), lithium oxide (LiiO), potassium 

Specifically, the water content of the inorganic oxide layer 
is measured by thermal analysis (DTA(Di.fferential Thennal 
Analysis) and DSC (Differential Scanning Calorimeter)). 
Also, the gas permeability of the inorganic oxide layer for 

45 aqueous vapor ai:id for oxygen is measured according to a 
test method for permeability of ns K7126 and the like. If, 
especially. the water content is 0.1% by weight or less and 
the gas permeability is 10-13 cccm/cm2scmHg or less, 
reduction in !he light emission life of the organic EL device, 
indicated by generation of dark spots can be prevented. 

TABLE I 

oxide (1;0), and tbe like. Among tbese, silicon oxide, Glai» composition typt 
aluminum oxide, and titanium oxide are preferable, since the ss ----

1
) ____ _;__;_.:;."-'.:;;:_;_.:.:._ _______ _ 

transparency of I.be layer (film) thereof is high and the film ~!~~~io
2 

(ioda-limt glass) 
formation temperature is comparatively low (25CI° C. or NazO~O-BaO/SIO-Si02 
less), bence the fluorescent layer or tbe protective layer NaiOIK20-CaO/ZnO--Si02 
deteriorates little. 2) R20--PbO--Si02 

K20/Na20--PbO--Si02 (lead glass) 
Also, as the transparent and electrically insulating inor- 60 3) RzO--B

2
o,-sio

2 
ganic oxide layer, it is more preferable to use a glass plate Na

2
0-Bz()r-Si02 (borosilicate glus) 

or a glass plate product made by forming a film of one or K20-Bi0J-Si02 
more compounds selected from a group consisting o[ silicon 4) R'O-B20r-Si02 

'd , , id nd Jik PbO-B:z03--Si02 oxide, aluminum OXI e, htanmm ox e, a the e on at PbO/ZnO-Bp,--sio2 
least one of the surface or back face of a transparent and 65 PbO-B2o 3--Si02 + fllkr 
insulating glass plate. A low temperature (150° C. or less) ZnO-Bp3-Si02 
operation allowing this glass plate or glass plate product lo 
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TABLE 1-continued 

Gbss composition type 

S) R'o-Alp3-Si02. 
Ca0/Mg0---:A.l20.,-Si02 (aluminosilicatc 
glass) 
Mg0-Al203---Si02 
Pb0,Zn0-A120 3---Si02 

6) R2D--Al20,-Si02 
li20-Al20r-Si02 
Na20-Al203-Si02 

7) R'O-'I10z-Si02 

Ba0-T10;z-Si02 
8} R.iO-Z102-Si02 

Na20/Li:P-Z!02---Si02 
9) R'0---P20s-Si02 

Ca0-P2D~i02 
10) R'O-Si02. 

Ca0/Ba0/Pb0-Si02 
11) Si01 
12) R20---R'O-B10l 

li20-BcO-B203 
13} R'O-R" 101-B20 3 

Ca0/Ba0--A!20J-B10, 
CaO/PbO-Lu20 3-B20, 

14) Rz0-Al20 3---P20s 
K,;0-Al20 3-P20s 

15) R'O-A.l;z03---P20$ 
&O/CaO--Al:z03---P10s 
Zn0-Al203-P10s 

R: monovalent clement, 
R': bivalent clement, 
R": trivalent element 

Cla.ssifieiition 

l Simple oxide 
2 Silicate: 

3 Borate 

4 Phosphate 

S Germanatc glas3 

6 Tuns-tatc 
7 .Molybdate 
8 Tclluratc 
9 Borosilicate 

10 Alumino5Llicatc 
11 Aluminoboratc 
12 AluminoborruUicatc 
13 Fluoride 

14 Phosphorus fluoride 
15 Oxyhaiogentde 
16 Oxyoitride 

TABLE 2 

Compoaition 
(shown as a unary systcm•tcmaiy system 

Si02, B203, Gc02, As203 
Li20--Si02, Na20-Si02, K20-Si02 
MgO-Si02, ·caO-SiD2, BaO-Si02, 
Pb0--Si02 
Na2C>--OIO--Si02 
At2D3-Si02 
Li20--Bp3, Na~B203, K20-B203 
Mg0--B20 3 , Ca0--B20 3 , Pb0--B20 3 
N11.2C>--OI0--820:,, ZnC>-Pb0---820 3 
Al203-B203, Si02-B20l 
Li2D-P20s, Na20--P20s 
Mg0--P20s, CaC>-P20 5, BaO-f\O, 
K20-8~0-P20, 
Al20J--P20s, St02--E':i.0s, BzC)3--P20, 
Y20s-P20s, Fe20 3-P20 5, W03--P20s 
Li~O--Oe01, N11. 20--0e02, ~O-OC01 
B203-0c02, Si02---0c02 
Na20-W03, K20--W03 

Na2D---Mo03, K1o-Mo03, l..;i0---Mo03 
N11.20--Tc01 
N11.20-B203-Si02 
N11.10-Al203-Si01, Ca~203-Si02 
C11.0-A1203-B20 3, Zn0--Al203-820 3 
N11.20-Al203-B203-Si02 
BcF2, NaF-BcF2 

ZrF.,-SaF:i--ThF", GdF3--13aF:i--ZrF4 
Al(P0,)1-AIF,-NaF-caF2 

Ag20--AgI-P:J)s 
MsO-A1203-AIN-SiD2 

5. Protective Layer of the Fluoresceo.t Layers (transpareo.t 
flat film) 

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

However, the thickness of the protective layer in- the 
second invention ·is preferably from 0.5 ,,m to 100 Jtm 
approximately. It is desirable that the thickness of the 

28 
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 emitted from the 
organic EL device. However, if the film thickness is too 

5 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 

10 of adopting the substrate produced by forming the fluores
cent 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 

15 where the light emitted from the organic EL device is 
transmitted is preferable as the material used for the trans
parent adhesive layer. 

Specifically given as examples of the adhesive are pho
tocurable or heat-curable adhesives having a reactive vinyl 

20 group of an acrylic acid type oligomer and metbacrylic acid 
type oligomer; and moisture-curable adhesives 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. 

25 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 allowable. 
HowCver, the low viscosity adhesive dissolves and erodes 
the fluorescent layer depending on the condilioas so that it 

30 is necessary to laminate the above protective layer on the 
fluorescent layer.An adhesive having a high viscosity (about 
100 cp or more) is scarcely di5Solved, and erodes the 
fluorescent layer so that there is the case where the protec
tive layer of the fluorescent layers is not i"equired. On the 

35 contrary, this causes formation of air bubbles, hence uniform 
application can be achieved only with difficulty. The neces
sity of providing the protective la}'er of the fluorescent 
layers may be determined according to the characteristics of 
the adheSive. 

40 The adhesive. is applied on a substrate, on wbich the 
fluorescent layer (including ll 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 
plate, on which the transparent electrode has been formed or 

4S is 10 be formed, or a glass plate product made by forming a 
film of one or more compounds selected frolll 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 
transpii.rent, insulating gla5S plate is applied to the substrate 

so through the adhesive film by means of light (UV rays), beat 
(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 tbe order of 0.1 Jtm. to 200 µm. It is desirable that the 

S5 thickness of the protective layer be as small as possible to 
reduce light leakage from the gap between the fluoresc.eot 
layer and the organic EL device with respect to the light 
emitted from the organic EL device, thereby improving tbe 
characteristics of the angle of view . However, if the film 

60 thickness is loo small, there is the case. where uniform 
application can be allained 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 tbe 
65 present invention are formed, for example, by appropriately 

patterning desired positions of a material selected from 
known materials by pbotolithography 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 
µm cuts out aqueous vapor, oxygen, or gaseous substances 
such as organic monomers, which are considered to adhere 5 
to or to be contained originally in small,amounts in organic 
compounds forming the lower .fluorescent layer or the pro
tective layer of the fluorescent layers or which are consid
ered to be generated by the fluorescent layer or the protective 
layer by beat when the organic EL device emits light. Hence, 

10 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. 15 

Also, the film thickness of the inorganic oxide layer is 200 
pm or les.s in the present invention, so that undesirable light 
emission caused by absorption of the light emitled from the 
organic EL.device by a fluorescent layer other than the 
desired fluorescent layer and light leakage from the gap 20 

between the fluorescent layer and the organic EL device 
decrease, hence light.of a desired color could be produced, 
resulting io improvement in the characteristics of the angle 
of view for multi-color light emission. 

Also, the inorganic oxide layer and the transparent elec- 25 
trade (usually composed of ITO (indium or tin oxide) 
provide a higher quality adhesion than those composed of 
organic compounds, !hereby facilitating the patlerning 
(usually by pbotolilhography) of th.e· transparent electrode. 

Also, in the present invention, the transparent adhesive 
30 layer is placed on the boundary of the inorganic oxide layer 

on the side of 1he 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 fluoresceht layer is composed of a glass plate, 

35 adhesion between the organic ELdevice and the fluorescent 
layer is enhanced and the organic EL device and the fluo
rescent layer are integrated. Further, when the transparent 
protective layer of tbe fluorescent layers is arranged between 

:~;e~d:e;~~e
1
:re~r ~~~1~:!~0~~::ie~~~d '!:a::r:~~:: 40 

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 fluorescent layer iS reduced, 

45 and defects 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 from 1 #ID to 200 
/lm is used as the inorganic oxide layer, it is difficult to form 
an organic electroluminescent device directly on the glass 

50 plate in a stable manner since the thin film-glass plate which 
is physically fragile -lends to be cambered and distorted. 
However, in the process of the present invention, this thin 
glass pl_ate is- combined with tbe. transparent support sub
strate on which the fluorescent layer and the protective layer 

55 of the fluorescent layers are laminated via the adhesive layer. 
Also, the organic electroluminescence devices are laminated 
in order, so that the multi-color light emission apparatus can 
be produced in a stable manner. 

30 
Co., Ltd.) was applied by spin-coating to one the faces of a 
support substrate (Glass 7059, manufactured by Corning 
Co., Ltd.) with dimensions of 25 mmx75 mmxl.1 mm 
(thicknes.s), which was baked at 200° C. to form a black film 
(about 2 µm thickness). 

Next, the face opposite to the black film of this substrate 
was washed with IPA and further irradiated with UV light. 
Thea, the substrate was secured to a substrate holder of a 
vapor deposition unit (manufactured by ULVAC 
Corporation). As materials for vapor deposition, M'IDATA 
and NPD for a positive bole injecting layer, DPVBi for an 
emitting material, and Alq for an electron injecting layer 
were placed in a resistance heating molybdenum boat. Ag 
was attached to a: 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, tbe pressure in a vacuum vessel was reduced to 
Sx10-7 torr and then tbe above materials were sequentially 
laminated in the following order through a mask which 
enabled film to be formed in a range of 10 mmx60 mm. A 
vacuum. was maintained during the steps between a step of 
forming electrodes and a step of forming the positive bole 
injecting layer 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/sand 
0.1 nm/s respectively to a film thickness of 200 nm. Then, 
an electron injecting layer was formed by depositingAlq at 
a vapor deposition rate of 0.1-0.3 nm/s to a fi.hn thickness 
of 20 run. Next, an emitting layer was formed by depositing 
DPVIli at a vapor deposition rate of 0.1--03 nm/s to a film 
thickness of 50.nm. Fin.ally, a positive bole injecting layer 
was formed by depositing NPD at a vapor deposition rate of 
0.1-0.3 nm/s to a film tbicknes.s of 20 nm and also depos
iting MIDATAat a vapor deposition rate of0.1-0.3 nm/s to 
a film thickness of 200 nm. 

Next, the substrate was transferred to a sputtering appa
ratus. A transparent electrode (anode) film of ITO (indium 
oxide or tin oxide) with a thickness of 120 am and a surface 
resistance of 20 0/D was formed on this substrate at room 
temperature through a mask which enabled a film to be 
formed of.an area of HI mmx60 mm to create an organic EL 
device .. Here, the. mask was lifted so that the ranges of the 
electrodes aad transparent electrode were crossed (in a range 
of 10 mmx55 tnm) and the terminal of each electrode could 
be taken. 

Next, an epoxy, two-liquid mixing type adhesive 
(Araldite, manufactured. by Ciba Geigy Co., Ltd.) was 
applied to the peripheries of the crossed portions (10 mmx55 
mm) at a width of. 1 mm approximately with partial slits 
using a dispenser to form 3. substrate A. 

Then, a transparent inorganic oxide substrate (barium 
boro.silicate_ glass) (substrate B) of25 mmx75 mmxl.1 mm 
(thickness) wa.5 applied to the substrate A and the adhesive 
was cured. After that, hydrocarbon fluoride (Fluorinert, 
manufactured by· Sumitomo 3M Corp.) wa.s injected under a 
nitrogen atmosphere, using an injection needle, through the 
above slits into gaps between the support substrate (substrate 

EXAMPLES 

Toe preseat iavention will be explaiaed in more detail by 
way of examples, which are not intended to be limiting of 
the present invention. 

60 A) and the applied substrate (substrate B). Then, the same 
adhesive was filled into the slits in the cured adhesive and 
cured. 

Example 1 

An metbacrylate type resist containing carbon black (CK 
2000, manufactured by Fuji Hunt Eleclronics Technology 

Next, characters EL with a width of 1 mm were printed on 
the substrate within the portion corresponding to the crossed 

65 portion (a range of 10 mmx55 mm) through a screen board 
using an ink (viscosity 8,000 cp) produced by dissolving 
coumarin 6/polyvinyl chloride resin (molecular weight of 
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20,000) in cyclobexanone in the ooumarin 6 conc.entration 
of 0.03 mol/kg (film). The characters were air-dried to 
prepare a fluorescent pattern of the characters EL (15 µm 
tbicknes.s). 

32 
Co., Ltd.) was applied by spin-coating to one face of a 
support substrate (Glass 7059, manufactured by Corning 
Co., Ltd.) of 100 mmx100 mmxl.1 mm (thickness), which 
was baked at 200° C. to form a black film with a thickness 

A multi-color light emis.sion apparatus composed of the 
organic EL device was maoufactured 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 
lighl viewed from the portion lacking lhe fluorescent layer 
was 100 cd/m2

• Toe CIE cbromaticity coordioates (JIS z 
8701) were as follows: x .. Q.15, y..0.15. Light of a blue color 
was detected. 

5 of about 2 µm. 
Next, the face opposite lo 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 (manufactured by ULVAC 

10 Corporation). As materials for vapor deposition, MIDATA 
and NPD for a positive bole injecting layer, DPVBi for a 
emitting material, and Alq for an electron injecting layer 
were placed in a resistance beating molybdenum boat.Ag as 
a second metal for an electrode (cathode) was attached to a 
tungsten filament, and Mg as an electron injecting metal for 

15 an eleclrode (cathode) was altacbed to the molybdenum 
boat. Also, the .luminance of the light viewed from the fluo

rescent layer provided with the patterned characters EL was 
120 cd/m2 and the CIE cbromaticity coordinates were as 
follows: X•0.28, y=0.62. Light of a yellowish green color 
was detected. 20 

Afler that, the pres.sure in a vacuum vessel was reduced to 
Sx10-7 torr. Firsl, ·a film with a pattern of an electrode was 
formed using a. mask capable of transferring a stripe pattern 
of an 1.5 mm pitch (1.4 mm lines and 0.1 mm gaps) in a 
range of 72 mmx72 mm. Next, films of layers from an 
electron injecting layer to a positive hole injecting layer 
were formed using a mask enabling a ·film to be formed in 

Toe 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 emission without changes in luminance and chroma
ticity and also without dark spots appearing as deterioration 
of the device progressed. 

25 
a range of72 mmx72 mm.A vacuum was maintained during 
tbe steps between lhe step of forming the electrodes and the 
step of forming the positive bole injecting layer by one 
evacuating operation. 

'Example 2 

Asupport substrate (substrate A) provided witb an organic 30 
EL device was combined with a traasparent inorganic oxide 
substrate (substrate B) in tbe same manner as in Example 1 
lo form a substrate containing a gap filled witb hydrocarbon 
:fluoride. Next, the characters EL with a width of 1 mm were 
printed on the substrate within the portion corresponding to 35 

the cros.sed portion ·(range 10 mmx55 mm) of an electrode 
and a h;ar,sparent electrode through a screen board using an 
ink (viscosity 8,000 cp) produced by dissolving 43% (for 
film) by weight of a pigment containing· rbodamine/ 
polyvinyl chloride resin (molecular weight 20,000) in cyclo- 40 
hexanone. Toe characters were air-dried to prepare a fluo
rescent pattern of the characters EL (20 Jtm thickness). 

A multi-color light emission apparatus compo.sed 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 45 

between the transparent electrode (anode) and the electrode 
(cathode) of the multi-color light emission apparatus, the -
crossed portions of the transparent electrodes and the elec
trodes emitted light. The ltiminance of tbe light viewed from 
the portion lacking the fluoresc.ent layer was 100 cd/m2• The 50 

CIE chromaticity coordinate (IlS 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/m2 and the CIE chromaticity coordinates werC as 55 

follows: xe0.60, y .. Q,31. Light of a red color was detected. 

First, Mg and Ag were simultaneously vapor-deposited as 
the electrodes at vapor deposilion rales of 1.3-1.4 nm/sand 
0.1 nm/s respectively to a film thickness of 200 nm. 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 
DPVBi at a vapor deposilion rate of 0.1-0.3 nm/s to a 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 tbiclmess of 20 nm and also depos
iting MTDATAal a vapor deposition rate of 0.1-0.3 nm/s to 
a film thickness of 400 nm. 

Next, the substrate 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/o 
was formed on this substrate at room temperature through a 
mask which enabled a solid film witb 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 organic ·EL device. 
Here, the mask was located so that the ranges of the 
electrodes and transparent electrodes were crossed and the 
terminal of each electrode could be taken. 

Next, an epoxy, two-liquid mixing type adhesive 
(Araldite, manufactured by Ciba Geigy Co., Ltd.) was · 
applied to the peripheries of the crossed portions (a range of 
72 mmx72 mm) at a width of 1 mm approximately with 
partial slits using a dispenser to form ·a substrate C. 

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

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 emission without changes in luminance and chroma
ticity coordinate and also without dark spots appearing as 
deterioration of the device progressed. 

Example 3 

60 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 
(substrate C) and the applied substrate (substrate D). Then, 
the same adhesive was filled into the slits in the cured 

An methacrylate type resist containing carbon black (CK 
2000, manufactured by Fuji Hunt Electronics Technology 

65 adhesive and cured. 
Next, a pattern of a fluorescent layer A with a thickness of 

15 Jtm was printed by screen printing on the substrate using 
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an ink (viscosity BPOO cp) produced by dissolving coumarin 
6/polyvinyl chloride resin (molecular weight 20,000) in 
cyclohexanone in the ooumarin 6 concentration of 0.03 
mol/kg (film) through a screen board which enabled a stripe 
pattern of 1.4 mm lines and 3.1 mm gaps to be formed after 5 
aligning with the electrodes (cathodes) of the organic EL 
device, followed by air-drying. 

Next, a pattern of a fluorescent layer B with a thickness 
of 20 µm was printed by screen printing on the substrate 
using an ink (viscosity 8,000 cp) produced by dissolving 10 
43% (for film) by weight of a pigment containing 
rhodamioe/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 lbe .fluorescent layer A in a direction perpendicular to the 15 
stripe, followed by air-drying. 

A multi-color light emission apparatus romposed 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 20 
multi-color light emission apparatus, the crossed portioos 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 
cd/m2• The CIE cbromaticity coordinate (IlS Z 8701) was as 25 
follows: x..0.15, Y"'0,15. Light of a blue color was detected. 

34 
Separately, a pattern of a fluorescent layer A with a 

thickness of 15 µm was printed by screen printing on a 
transparent substrate (7059, manufactured by Corning Co., 
Ltd.) of 100 mmx100 mmx0.70 mm (tbickness)using an iok 
(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 
moJ/kg (film) through a screen board which enabled a stripe 
pallem of 1.4 mm lines and 3.1 mm 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 pattern of a fluorescent layer B with a thickness 
of 20 µm was 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 (molecular weight 
20,000) in cyclohexanooe through a screen board wl;lich 
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) solution was applied by spin-coating to the sub
strate to laminate a protective layer of the fluorescent layers 
with a thickness of 10 µrn. Next, 2-cyanoacrylate type 
adhesive (•Aron a, manufactured b:Y Toagosei Chemical 
Industry Co., Ltd.) was applied to the entire substrate by 
casting to provide an inorganic oxide substrate 
(aluminoborosilicate glass) of 100 mmxlOO mmx0.05 mm 

Also, the luminance of the light viewed from the fluo
rescent layer A was 120 a:J/m2 and the CIE chromaticity 
coordinates were as follows: xe0.28, y..0.62, Light of a 
yellowish green color was detected. 

On the other hand, the luminance of the light viewed from 
the fluorescent layer B was 30 cd/m2 and the CIE chroma
licity coordinates were as follows: x:--0.60, y-•0,31. Light of 

30 (thickness) on the substrate to form a substrate Y. 

a red color was detected. 
Toe multi-color light emission apparatus was allowed to 35 

stand in the atmosphere for two weeks. As a resulL, the 
multi-color light emission apparatus maintained uniform 
light emission without changes in luminance and chroma
ticity 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 (mono- 40 

chromatic light) was not confirmed was :t60g which was a 
practical level. 

Example 4 

A coating agent composed of an aqueous polyvinyl pyr- 45 
rolidooe (molecular weight 360,000) solution was applied 
by spin-coating on the fluorescent layer of the multi-color 
light emission apparatus composed of the organic EL device 
manufactured in Example 1 and air-dried to laminate a 
protective layer of the fluorescent layers with a thickness of 50 
lOµm. 

A multi·color light emission apparatus romposed of the 
organic EL device was manufactured in this manner as 
shown in FIG. 2, The multi.color light emission apparatus 
was allowed to stand in the atmosphere for two weeks. As 

55 
a result, the multi-color light emission apparatus maintained 
uniform light emission without changes in luminance and 

, cbromaticily coordinates and also without dark spots appear
ing as deterioration of the device progressed. 

Also, because lhe protectiVe layer was laminated, the 
fluorescent layer was never damaged even if the fluorescent 150 

layer was contacted by a nail and the handling, such as 
carrying, of the apparatus was easy. 

Example 5 

An adhesive was applied to a substrate produced by 65 

forming an organic EL device on a support. substrate in the 
same manner as in Example 3 to form a substrate X. 

,., '•;/ ' 
·;,~::r:.,r:;, 11 • ........ ,. 
f,l;~'t'!~'.)' 

Toe substrate Y was applied to the above 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 tile electrodes of the orgariic EL device 
and lbe adhesive was cured. After that, hydrocarbon fluoride 
(Fluorinate, manufactured by Sumitomo 3M Corp.) was 
injected under a nitrogen atmosphere using an injection 
needle, through slits in lhe cured adhesive into a gap 
between the support substrate (substrate X) and the applied 
substrate (substrate Y). Then, tbe same adhesive was filled 
into the slits in the cured adhesive and cured. 

The luminance and chromaticity coordinate of the light 
emitted in the multi-color light emission apparatus, ·com
posed of the organic EL device shown in FIG. 6 and 
designated as apparatus 10, which was manufactured in Ibis 
manner, were lhe 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 
apparatus 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-chromatic light) emitted from the 
organic electroluminescence device was not confirmed was 
:t70° 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 nail· and the handling, such as 
carrying of the apparatus, was easy. 

Comparative Example 1 

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

Next, characters EL with a width of 1 mm were printed on 
the transparent substrate with dimension of 25 mmx75 
mmxl.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 
coumarin 6/polyvinyl chloride resin (molecular weight 
20,000) in cyclobexanone in the coumarine 6 concentration s 
of 0.03 mol/kg (film). The characters were air-dried to 
prepare a fluorescent pattern of the characters EL to form a 

manufactured by Corning Co., Ltd.) of 100 mmxlOO 
mmxl.1 mm (thickness) 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 ooumarin 6 concentration 
of 0.03 mot/kg (film) through a screen board which enabled 
a stripe pattern of 1.4 mm lines and 3.1 mm gaps to be 
formed, followed by baking at 120° C. Next, a pattern of a 
fluorescent layer B with a thickness of 20 µm were printed 

substrate E. · 
Toe substrate E was applied to the above substrate A so 

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

A multi-color light emission apparatus composed of the 
organic EL device was manufactured in this manner as 
shown in FIG. 7. Wben a d.c. voltage of 8 V was applied 
between the transparent electrode (anode) aod the electrode 
{cathode) of the multi-oolor light emission apparatus, the 
crossed portions of the transparent electrodes and the elec
trodes emitted light. The luminance and cbromaticity 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 two weeks, the 
luminance of the blue light emitting portion .decreased to 5 
cd/m2 and the· luminance of the· light viewed from the 
characters EL decreased to 7 cd/m2

• Also, dark spots, 
appearing as deterioration of the device progressed, 
increased, resulting in nonuniform light emission. It was 
confirmed that when the fluorescent la)'er 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 greatly impaired. 

Comparative Example 2 

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

10 by screen printing on the substrate using an ink (viscosity 
8,000 cp) produced by dissolving 43% (for film) by weight 
of a pigment oontaining rhodamine/polyvinyl chloride resin 
(molecular weight 20,000) in cyclobexanone through a 
screen board which enabled a stripe pattern of 1.4 mm lines 

15 and 3.1 mm gaps to be 'formed after lifting the pattern 1.5 
mm from the pattern of the fluorescent layer Aina direction 
perpendicular to the stripe, followed by baking at 120° C. 

An aqueous solution of 20% by weight of polyvinyl 
alcohol (molecular weight 50,000} was applied to the entire 

20 substrate provided wilb the patterns of tbe fluorescent layers 
by spin-coating. The substrate was baked at 80° C. to 
prepare a transparent protective layer of the fluorescent 
layers witb a thickness of 5 pm. 

Next, a photocurable transparent adbe~ive of epoxy type 
25 oligomer (3102, manufactured by Three Bond coi:p.) was 

applied to the protective layer by casting. The glass surface 
of a glass plate (borosiJi.cate glass) of 100 mmxlOO mmxSO 
pm -thickness as an insulating inorganic oxide layer, on 
which a film of a lransparent electrode (anode) of ITO 

30 (iodium oxide or tin oxide) with a thickness of 0.12µm and 
a surface resistance of 20 0/0 was formed, was applied to 
!be protective layer. The substrate was irradiated with UV 
light through the ITO surface al a dose of3,000 mJ/cm2 (365 

35 
nm), followed by baking at 80° C. 

A film of a novolak/quinonediazido type positive resist 
(HPR 204, manufactured by Fuji Huot Electronics Technol
ogy Co., Ltd.) was laminaled by .spin-coating. After baking 
at 80° C., the substrate was placed on a proximity type 

40 
exposure miicl:iine, Then, the substrate was irradiated with 
light at a dose of 100 mJ/cm2 (365 nm) using a mask capable 
OftrB.osferring ·a stripe pattern of 1.2 mm lines and 0.3 mm 
gaps after aligning the mask with the fluores~nt layers A 
and B. 

A transparent inorganic oxide substrate .(borosilicate 
glass) (substrate F) of 100 mmxlOO mrnx0.30 mm thickness 
was applied to the above substrate C. Tben, a multi-color 45 
light emission apparatus composed of an organic EL device 
(dot matrix type) shown in FIG. 4 was formed in the same 
manner as in Example 3. 

The resist on !he substrate was developed using an 
aqueous solution of 2.38% .by weight of TMAH (Tetra
Methyl Ammonium Hydroxide) and post-baked at 130° C. 
Then, the exposed ITO film was treated by elcbing using 
aqueous hydrobromic acid and, finally, the positive type This multi-color light emission apparatus was allowed to 

emit ligbt to result in obtaining the same luminance and 50 

chromalicity as in Example 3. 
When the multi-color light emission apparatus was 

allowed to stand in the atmosphere for two weeks, the 
multi-color light emission apparatus maintained uniform 
light emission without changes in luminance and chroma- 55 
ticity coordinates and also without dark spots appearing as 
deterioration of the device progressed. However, the angle 

resist was peeled off to prepare a pattern of the ITO film 
which oonstitutes an anode of the organic EL device. 

Next, 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 (manufactured 
by ULVAC Corporation). As materials for vapor deposition, 
MTDATA and NPD for a positive bole injecting layer, 
DPVBi" for anemiUingmaterial, mdAlq for an electron 
injecting layer, were placed in a resistance beating molyb~ 
denum boat.Ag as a second metal for an electrode (cathode) 
was attached to a tungsten filament, and Mg as an electron 
injecting metal for an electrode (cathode} was attached to the 
molybdenum boat. 

of view defined by the range in which leakage of light 
(mono-chromatic light) emitted from the organic electrolu
minesceoce device was not confirmed was ±30°, so that 60 
there were portions {angles) where the light color viewed 
from a normal sight range differed from tbe emitted light 
color, exhibiting a problem in practical use. After that, the pressure in a vacuum vessel was reduced to 

5x10-7 torr and then the above materials were sequentially 
65 laminated in the following order. A vacuum was maintained 

during the steps between the step of forming the positive 
bole injecting layer and the step of forming the cathode by 

Example 6 

Apaltem of a fluorescent layer A with a thickness of 15 
Jlm was printed by screen printing on a glass substrate (7059, 
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one evacuating operation. First, a positive bole iojecting 
layer was formed by depositing M1DJ(['A 11.t a vapor depo
sition rate of 0.1--0.3 nm/s lo a film thickness of200 nm and 
also depositing NPD 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 DPVBi at a vapor deposition rate 
of 0.1-0.3 nm/s to a film thickness of 50 nm. 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 

38 
coordinates as in Example 6. When the multi-color light 
emission apparatus was allowed to stand under a nitrogen 
stream for two weeks, it maintained uniform light emission 
without changes in luminance and cbromaticity coordinate 

s and also witho'ut dark spots 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 electroluminescence device was not confirmed 
was ±55°, which was a practical level. 

Example 8 
20 nm. Finally, Mg and Ag were vapor.deposited simulla- 10 
neously as tbc cathode at vapor deposition rates of 1.3-1.4 
nm/sand 0.1 nm/s respectively to a film thickness of200 nm 
through a mask capable of transferring a stripe pattern of 4 
mm lines and 05 mm gaps which is perpeodicular to the 
stripe pattern of the anode c.omposed of ITO. 

Aphotocurable resist containing carbon black (CK 2000, 
manufactured by Fuji. Hunt Electronics Technology Co., 
Ltd.) was applied by spin-coating to a glass substrate (7059, 

15 manufactured by Corning Co., Ltd.) of 100 mmxlOO 
mmxl.l mm (thickness) as a transparent support substrate, 
which was baked at 80° C. Then, an oxygen shielding film 
of polyvinyl alcohol(CP., manufactured by Fuji Hunt Elec-

A multi-color lighl emission apparatus composed of the 
organic EL device was manufactured in Ibis manner as 
sbowo in FIG. 11. When a d.c. voltage of 8 V was applied 
between the aaode and the cathode of the mulli-color light 
emission appacatus, the crossed portions of the anodes and 20 

cathodes emitted light. The luminance of the light viewed 
from the portion lacking the fluorescent layer was 100 
cd/m2

• The CIE chromaticity coordinate (nS Z8701) was as 
follows: xi=().15, Y"'0.15. Light of a blue color was detected. 

tronics Technology Co., Ltd.) was formed on the substrate 
by spin-coating, and was baked al 80° C. Next, the resulting 
substrate was placed on a proximity type exposure machine. 
The substrate was then irradiated with light at a dose of 100 
mJ/cm2 (365 nm) using a mask capable of transferring a 
stripe pattern of 0.3 mm lines and 1.2 mm gaps. The resist 
on the substrate was developed using aqueous IN sodium 
carbonate solution and post-baked at 200° C. to provide a 

On the other band, the luminance of the light viewed from 25 
the fluorescent layer A was 120 cd/m2 and the CIE chroma-· 
ticity coordinates were as follows: x..0.28, y .. 0.62. Light of black matrix. 
a yellowish green color ·was detected. 

Also, the luminance of the light viewed from the fluo
rescent layer B was 30 cd/m2 and the OE 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 maintained unifonn light emission with
out changes in luminance and chromaticity coordinates and 
also without dark spots appearing as deterioration of the 
device progres.sed. Also, the angle of view defined by the 
range in which leakage of lighl (mono-chromatic lighl) 
emitted from the organic EL device was not confirmed was 
60°, which was a practical level. 

Toe water cxmtent of the glass substrate with a thickness 
of 50 pm was 0.1 % by weight or less and the gas perme
ability of the glass substrate for aqueous vapor and for 
oxygen was 10-13 cccm/cm2scmHg or less. 

Example 7 

A pbotocurable resist containing copper phthalocyanine 
(CB 2000, manufactured by Fuji Hunt Electronics Technal-

JO ogy Co., Ltd.) was applied to the substrate by spin-coating 
and was baked at B0° C. Thea, an oxygen shielding film of 
polyvinyl alcohol (CP, manufactured by Fuji Hunt Electron
ics Technology Co., Ltd.) was formed on the substrate by 

35 
spin-mating and was baked at B0° C. Next, the substrate was 
placed on a proximity type exposure machine, The substrate 
was then irradiated with light at a dose of 100 mJ/cm2 (365 
nm) using a mask capable of transferring a stripe pattern o( 
1.4 mm lines and 3.1 mm gaps after aligning the substrate so 
that the pattern was embedded in gaps of the black matrix. 

40 The resist on the substrate was developed using aqueous lN 
sodium carbooale solution and post-baked at 200° C. to 
provide a blue color filter. 

Fluorescent layers A and B were printed by screen print-
45 iog on portions other than tbe blue color filter of the 

substrate provided with the black matrix and tbe blue color 
filter under the same conditions as in Example 1 after 
alignment witb the gaps of the black matrix. Then, the same 
glass plate as in Example 1, specifically, a glas.s plate witb 

A photocurable transparent adhesive of epoxy type oli- 50 a thickness of 50 Jlm, which wa'i provided with a film of ITO 
gamer (3112, manufactured by Three Bond corp.) was (anode), was applied to the above substrate ta form an [TO 
applied, by casting, to the substrate provided with the pattern. 
fluorescent layers A and B, which was prepared in Example Next, this substrate was washed with IPA and further 
6. The glass surface of a glass plate {borosilicate glas.s) of irradiated with UV light. Then, the substrate was secured to 
100 mmx100 mmx50 Jtm thickness as an insulating inor- 55 a substrate holder of a vapor deposition unit (manufactured 
ganic oxide layer on which a film of a transparent electrode by ULVAC Corporation). As materials for vapor deposition, 
(anode) of ITO with a thickness of 0.12 µm and a surface M'IDATA and NPD for a positive hole injecting layer, 
resistance of 20 0/0 was formed was applied to the sub- DPVBi for an emitting material, DPAVB for a dopant, and 
strale. The substrate was irradiated with UV rays through the Alq for an electron injecting layer were placed in a resis-
surface of ITO at a dose of3,000 mJ/cm2 (365 om), followed 60 lance beating molybdenum boat.Ag as a second metal for an 
by baking at 80° C. electrode (cathode) was attached 10 a tungsten filament, and 

Then, the ITO was patterned and an organic EL device Mg as an electron injecting metal for an electrode (cathode) 
was formed under the same conditioas as in Example 6 to was attacli.ed to the molybdenum boat. 
prepare a multi-color light emis.sion apparatus composed of After that, the pres.sure in the vacuum vessel was reduced 
the organic EL device shown in FIG. 10. 65 to Sxl0-7 torr and the above materials were sequentially 

This multi-color light emission apparatus was allowed to laminated in the following order. A vacuum was maintained 
emit light to obtain the same luminance and chromaticity during lhe steps between the step of forming the positive 

,::·· .. 
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the organic EL device shown in FIG. 12. This multi-color 
light emission apparatus was allowed to emit light to obtain 
the same Jumioaoce and cbromaticity coordinates as in those 
in Example 6. When the multi-color light emission apparatus 

bole injecting layer and the step of forming the cathode by 
one evacuating operation. First, a positive hole injecting 
layer was formed by depositing MIDATA at a vapor depo
sition rate of 0.1-0.3 nm/s to a film thickness of200 nm and 
also depositing NPD at a vapor deposition rate of 0.1--0.3 
nm/s to a film thickness of 20 nm. Then, an emilliog layer 
was formed by depositing DPVBi at a vapor deposition rate 
of 0.1--0.3 om/s and also depositing DPAVB at a vapor 
deposition rate of 0.05 nm/s to a total film thickness of 40 
nm (the proportion by weight of dopant to host material was 
from 1.2 to 1.6). Then, an electron 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 nm. Finally, Mg aad 
Ag were simultaneously vapor-deposited as the cathode at 
vapor deposition rates of 1.3-1.4 nm/sand 0.1 nm/s respec
tively to a film thickness of 200 nm through a mask capable 
of traosfe[l'ing a stripe pattern of 4 mm lines and 0.5 mm 
gaps which is perpendicular to tbe stripe pattern of tbe ITO 
anode, 

5 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 coordinates and also with few dark spots 
appearing as deterioration of the device progressed. Also, 

10 the angle of view defined by the range in which leakage of 
light (mono-chromatic light) emitted from the organic clcc
troluminescence device was not confirmed was :t90°, which 
was a practical level. 

The water content of the silicon oxide film with a thick-
15 ness of 0.01 µm was 0.1% by weight or less and the gas 

permeability of the silicon oxide film for aqueous vapor and 
for oxygen was 10-13 cccm/cm2scmHg or less. 

A multi-color light emission apparatus composed of the 20 
organic EL device was manufactured in this manner as 
shown in FIG. 13. When a d.c. voltage of 8 V was applied 
between the anode and !be cathode of the multi-color lighl 
emission apparatus, the crossed portions of the anodes and 
cathodes emitted light. The Luminance of the light viewed 25 
from the blue color filter was 35 cd/m2

• The CIE chroma
licity coordinates ens Z 8701) were as follows: xe0.14, 
ye0.12. Light of a blue color was detected, 

On the other band, the luminance of the light viewed from 
!be fluorescent layer A was 120 cd/m2 and the CIE chroma- JO 

ticily coordinates were as follows: 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/m2 and the CIE cbromaticity 
coordinates were as follows: x-0.60, y=0.31. Light of a red 35 

color was detected. 

The multi-color light emission apparatus manufactured in 
the above manner was allowed lo stand under a nitrogen 
stream for two weeks. As a result, the multi-color light 40 
emission apparatus maintained uniform light emission with
out changes in luminance and chromaticity 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 mixing was not confirmed when 

45 
mono-chromatic light was emitted was ± 70°, which was a 
practical level. 

Example 9 

Amethacrylate type pholocurable resin (V259PA, manu- so 
factured by Nippon Steel Chemical Co., Ltd.) was applied, 
by spin-coating, to the substrate provided with the fluores
cent layers A and B, which was prepared in Example 6. After 
baking at BC>° C., the substrate was i[l'adiated with UV light 
at a dose of 300 mJ/cm2 (365 nm). Then, the substrate was 55 
baked at 160° C. to laminate a transparent protective layer 
with a thickness of S µm. 

Next, a silicon oxide film as as insulating inorganic oxide 
layer with a thickness of 0.01 µm was laminated over the 
entire substrate heated at 160° C. using a sputtering appa- 60 
ratus. Then, a film of ITO (anode) with a thickness of 0.12 
µm 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. 

Example 10 

An aluminum oidde film as an insulating inorganic oxide 
layer with a thickness of 0.01 µm was laminated over the 
entire substrate provided with the fluorescent layers A and B, 
which was prepared in Example 6, using a spullering appa
ratus while heating the substrate at 160° C. Then, a solid film 
of ITO with a lhicknes.s of 0.12 Jtm and a surface resistance 
of 20 .Q/o 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. 9. This multi-color 
light emission apparatus was allowed to emit light to obtain 
the same luminance and cbromaticity coordinates 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 maintained uniform 
light emission with almost no changes in luminance and 
chromaticity 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
trolumincsccnce device was not confirmed was :t90°, which 
was a practical level. 

Toe water content of tbe aluminum oxide film with a 
thickness of0.01,um was 0.1% by weight or less and the gas 
permeability of the aluminum oxide film for aqueous vapor 
and for oxygen was w-13 cccm/cm2scmHg or less. 

Example 11 

A titanium oxide film as an insulating inorganic oxide 
layer with a thickness of 0.01 pm was laminated by sput
tering over the entire substrate provided with the fluorescent 
layers A and B, which was prepared in Example 6, while 
heating the substrate at 160° C. Then, a solid film of ITO 
with a thickness of 0.12 µm and a surface resistance of 20 
.Q/o 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. 9. Th.is multi-color 
light emission apparatus was allowed to emit light to obtain 
the same luminance and chromaticity coordinates as in those 

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 

05 in Example 6. When the multi.~color light emission apparatus 
was allowed to staod under a nitrogen stream for two weeks, 
the multi-color light emission apparatus malotained uniform 
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lighl emission with almost oo changes in luminance and 
chromaticity ooordinates 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) emitled from the organic elec
troluminescence device was not a:mfirmed was :!:90°, which 
was a practical level. 

42 
the same luminance and chromaticity as in those in Example 
6. However, when the multi--c.olor light emission apparatus 
was allowed to stand under a nitrogen stream for two weeks, 
the luminance viewed from the portion lacking the fluoresM 
cent layer under the same conditions as in Example 6 
decreased to 5 c.d/cm2 and many dark points as deterioration 
of the device progressed, exhibiting a clear problem. 

Toe water content of the titanium oxide film with a 
thickness of 0.01 µm was 0.1% by weight or less and the gas 
permeability of the litanium oxide film for aqueous vapor 
and for oxygen was 10-13 cccm/cm2scmHg or less. 

The total oontent of water contained io the protective 
layer was 1.2% by weight and the gas permeability of the 

10 protective layer for aqueous vapor and for oxygen was 10-
13 

cccm/cm2scmHg or more. 

Example 12 

A photocurable transparent adhesive of a metbacrylate 
type oligomer (3102, manufactured by.3-Bood corp.) was 15 
applied, by casting, lo the substrate prepared in Example 6, 
in which the protective layer was laminated on the fluores
cent layers A and B. The glass surface of a glass substrate 
(sodaMlirne glass) of 100 mmxlOO mmxSO /tm thickness as 
an insulaling inorganic oxide layer oa. which a titanium 20 
oxide film with a thickness of 0.05 µm and a film of a 
transparent electrode of ITO (anode) with a thickness of 0.12 
1im were completely fanned in order was applied lo the 
substrate. The substrate was irradiated with UV rays through 
the surface of the ITO at a dose of 3,000 mJ/cm2 (365 nm), 25 
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 multiMcolor light emission apparatus composed of 
the organic EL device shown in FIG. 14. Tbis multi-color JO 
light emission apparatus was allowed to emit light to obtain 
the same luminance and chromaticity coordinate as in those 
in Example 6. When the multiMcolor light emission apparatus 
was allowed to stand under a nitrogen stream for two weeks, 
the multiMcolor light emission apparatus maintained uniform JS 
light emission with almost oo changes in luminance and 
chromaticity 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 
lighl (mono-chromatic light) emitted from the organic elecM 
troluminescence device was not confirmed was ±60°, which 40 
was a practical level. 

Toe water content of the glass substrate with a thickness 
of 50 /tm, on which the titanium oxide film with a thickness 
of0.01 /l!IJ. was formed, in this example, was 0.1 % by weight 
or less and the gas penneability of the glass substrate, on 45 
which titanium oxide film was formed, for aqueous vapor 
and for oxygen was 10-13 cccm/cm2 scmHg or Jess. 

Comparative Example 3 (in the case of no 
provision for the inorganic oxide layer) 50 

Amethacrylate type photocurable resin (V259PA, manuM 
fac:tured by Nippon Steel Chemical Co., Ltd.) was applied, 
by spioMcoating, to the substrate provided with the fiuoresM 
cent layers A and B, which was prepared in Example 6. After 
baking at 80° C., the substrate was irradiated with UV light 55 

at a dose of 300 m1/cm2 (365 nm). Then, the substrate was 
baked at 160° C. to laminate a transparent protective layer 
with a thickness of 5 µm. 

Next, a film of ITO (anode) with a thickness of 0.12 µm 
and a surface resistance of 20 0/0 was formed on the 60 
substrate using a sputtering apparatus, while the substrate 
was heated at 160° C. 

Comparative Example 4 (in the case where the 
thickness of the inorganic oxide layer was 0.005 

µm) 

A methacrylate type photocurable resin (V259PA, manuM 
facturcd byNippon Steel Chemical Co., Ltd.) was applied, 
by spin-coating, to 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 irradiated with UV light 
at a dose of 300 mJ/cm:i. (365 om). Then, the substrate was 
baked at 160° C. to laminate a transparent protective film 
with a thickness of 5 ~1m. 

Next, using a sputtering apparatus, a silicon oxide film as 
an insulating inorganic oxide layer with a thickness of0.005 
pm was laminated over the entire substrate heated at 160° C. 
and a solid film of ITO with a thickness of 0.12 µm and a 
surface resistance of 20 Q/0 was formed over the entire 
substrate using a sputtering apparatus, while the substrate 
was heated at 160° C. 

Then, the ITO was patterned and an organic EL device 
was fanned under the same c.onditions as in Example 6 to 
prepare a multiMcolor light emission apparatus c.omposed of 
the organic EL device. This multiMcolor light emission 
apparatus was allowed to emit light to obtain the same 
luminance and chromaticity as in Example 6. However, 
when the multiMcolor light emission apparatus was allowed 
to stand under a nitrogen stream for two weeks, the lumiM 
nance viewed from the portion lacking the fluorescent layer 
under the same conditions as in Example 6 decreased to 20 
cd/cm2 and many dark spots as deterioration of lhe device 
progressed, exhibiting a clear problem. 

The water content of the silic.on oxide film with a thickM 
ness of 0.005;,m wa"> O.L% by weight or less. However, the 
gas permeability of the silicon oxide film with a thickness of 
0.005 pm for aqueous vapor and for oxygen was 10-13 

cccm/cm2scmHg. or more. 

Comparati\'c Example 5 (in the case where the 
thickness of the inorganic oxide layer (plate glasc;} 

was 300 pm) 

The glass surface o[ a glass plate (borosilicate glass) of 
100 mmxlOO mmx300 pm thickness as an ia.sulating ioorM 
ganic oxide layer on which a solid film of ITO (anode) with 
a thickness of 0.12 pm and a surface resistance of 20 0/0 
was formed was applied 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 ITO surface at a dose of 3,000 mJ/cm2 

(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 mulliMcolor ligbt emission apparatus composed of 
tbe organic EL devic.e. This multiMcolor light emission 

Then, the ITO Was patterned and an organic EL device 
was formed under the same c.ondilions as in Example 6 to 
prepare a multiMcolor light emission apparatus composed of 
the organic EL device shown in FIG. 15. Tbis multi-color 
light emission apparatus was allowed to emit light to obtain 

65 apparatus was allowed to 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 nitrogen stream for two weeks, the multi-color light 
emission apparatus maintained uniform light emission with 
almost no changes in luminance and cbromaticity coordi
nates and also with few dark points appearing with the 
progress in deterioration of the device. However, the angle 5 
of view defined by the range in which leakage of light 
(mono-chromatic light) emitted from the orgaa.ic EL device 
was not confirmed was :t: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 

10 problem. 

Comparative Example 6 (in the case of forming the 
protective layer (flat layer) using a sol-gel g1ass 

method) 
15 

44 
What is claimed is: 
1. A multi-color light emission apparatus comprising a 

support substrate, an organic electroluminescence (EL) 
device disposed on the support substrate, and a fluorescent 
layer disposed to correspond to a transparent electrode or 
electrode oftbe organic EL device to absocb the light emitted 
from the organic EL device and to emit visible fluoresceot 
light, wherein a transparent inorganic oxide substrate on 
which the fluorescent layer is placed is disposed between the 
organic EL device and the fluorescent 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 sealed using 
a sealing means between the transpar'?nt inorganic oxide 
substrate and the support substrate. 

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

The substrate produced in Example 6, which was pro
vided with the patterns of the fluorescent layers A and B, was 
dipped inlo a mixed solution consisting of 10% by weight of 
tetraethoxysilane (Si(O~H5) 4) and water/ethanol (ratio by 
volume: 1 :2) containing 1 % by weight of hydrochloric acid. 

The substrate was slowly lifted 10 produce a substrate in 
which the fluorescent layers A and B were dip-coated with 
silicon oxide (SiOJ sol. 

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

The substrate was then heated at 400° C. so that silicon 
oxide was allowed to gel and thereby a glass-like protective 25 
layer was laminated on the fluorescent layers A and B. 
However, it was confirmed that the patterns of tbe fluores
cent layers A and B were blackened (carbonized) to show 
deterioration in these layers. 

Because of this, the substrate was heated at 160° C. so that 30 
silicon oxide was allowed lo gel and thereby a glass-like 
protective layer with a thickness of 0.2 µm was laminated on 
the fluorescent layers A and B. 

Next, a film of ITO (anode) with a thickness of 0.12 µm 
and a surface resistance of 20 0/0 was formed on the entire 35 
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 
provide a multi-color light emission apparatus composed of 40 
the organic EL device shown in FlG. 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 stream for two weeks, the 
luminance viewed from the portion lacking !he fluorescent 45 

layer uO.der the same conditions as in Example 6 decreased 
to 5 cd/cm2 and many dark spots appeared as deterioration 
of the device progressed, exhibiting a clear problem. 

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

4. Toe 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 µm. 

S. The multi-color light emission apparatus according to 
claim 1, wherein the transparent inorganic oxide substrate is 
made of a transparent 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 electrolurninescence (EL) device 
disposed on or above the fluorescent layers, the fluorescent 
layers beiag disposed lo correspond to a transparent elec-
trode or electrode of 1he organic EL device so that each of 
the 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 µm is 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 layers and· the transparent and 
insulating inorganic o;i;:ide layer. 

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

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

Toe water content contained in the sol-gel silicon oxide 
film with a thickness of 0.2 Jtrn was 1.5% by weight. Also, so 
the gas permeability of the sol-gel silicon oxide film to 
aqueous vapor and to oxygen was 10-13 cccm/cm2scmHg or 
more, showing that the protective layer produced by the 
sol-gel method was inappropriate. 

55 oxide, 

INDUSTRIAL APPLICABILITY 

As is clear from the above explanations, tbe present 
invention can provide a multi-color light emission apparatus 
using an organic EL device having an excellent light emis~ 

60 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, the present invention can be preferably 
applied for thin type multi-color or Ml color displays of 65 

various emission types. 

. ,,,. ~ ,.1. 
~.,.:-

.,"< '"' . \• .. · 
~;··· o:w:,?"t:<!i'J::t', 

9. The multi-color light 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, aluminwn oxide, and titanium oxide on at least one of 
the surface or back face of a transparenl and insulating glass 
plate. 

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 pane.I display Comprising thin-film-transistor
electroluminescent (TFT-EL) pixels is described. An 
addressing scheme incorporating twO TFI's and a storage 
capacitor is used to enable tjle BL pixels on the panel to 
operate at a duty factor close to 100%. Titls 'IFI'-EL device 
eliminates the ·need to pattern the EL cathode. ·thus greatly 
simplifying the procedure to delineate the EL pixels as well 
as ensuring high resolution:. The TFf-EL Panel consumes 
less power than conventional TFr-LCD .paiie1S. eS})ecially 
when the usage factor of the sacen ·is less than unity. 

12 Claims, S Drawing Sheets 
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TFr-EL DISPLAY PANEL USING ORGANIC 
ELECTROLUMINESCENT MEDIA 

CROSS REFERENCE TO RELATED 
APPLICXI'IONS 

Reference is made to commonly assigned U.S. Ser. No. 
08/355,786, now abandoned. entitled "An Electrolumines
cent Device Having an Organic Electrolwninescent Layer" 
by Taug ct al and U.S. Ser. No. 08/355,940, now U.S. Pat. 
No. 5.550,066, entitled "A Method of Fabricating a TFr-m. 
Pixel" by Taug et al. both filed concurrently herewith. the 
disclosures of which are incorporated herein. 

FIELD OF THE INVENTION 

The present iuvention relates to an electrolwninescent 
display panel employing thin-film-transistors (TFT) as 
active~matrix addressing clements. and o.tganic electrolumi· 
ncscent thin films as the emissive medium. 

INTRODUCTION 

2 
cal tubular cold-cathode lamp, the additioual depth is about 
~ to 1 inch. Backlight also adds extra weight to the FPD. 

AD ideal solution to the foregoing limitation would be a 
low power emissive display that eliminates the need for 
backlighting. A particularly attractive candidate is thin-film
transistor-electroluminescent (TFT-EL) displays. In TFT-m. 
displays. the individual pixels can be addressed to emitlight 
and auxiliary backlightingis not required. A 'IFI'-ELscheme 
was proposed by Fischer in 1971 (see A. G. Fischer. IEEE 

10 Trans. Electrou Devices. 802 (1971)). In Fischer's scheme 
powdered ZnS is used as the EL mediwn. 

In 1975, a successful prototype TFT-EL panel (6") was 
reportedly made by Brody et al. using ZnS as the EL element 
and CdSc as theTFI' material (seeT. R Brody. F. C. Luo.A. 

15 P. Szepesi and D. H. Davies, IEEE Trans. Electron Devices, 
22. 739 (1975)). Because ZnS-EL required a high drive 
voltage of more than a hundred volts. the switching CdSe 
TFT clement had to be designed to handle such a high 
voltage swing. The reliability of the high-voltage 'IFI' then 

20 became suspect. lntimately. ZnS-based TFT-EL failed to 
successfully compete with TFT-LCD. U.S. Patents describ-

Rapid advances in fl.at-panel display (FPD) technologies ing 'IFI'-EL technology include: U.S. Pat. Nos. 3,807,037; 
have made high quality large-area. full-color, high- 3,885.196: 3.913.090; 4.006.383; 4,042.854; 4,523.189; and 
resolution displays possible. These displays have enabled 4.602.192. 
novel applications in electronic products such as lap top 25 Recently. organic EL materials have been devised. These 
computers and pocket-TVs. Among these FPD technologies, materials suggest themselves as candidates for display 
liquid aystal display (LCD) has emerged as the display of media in TFT-EL devices (see C. W. Tang and S. A 
choice in the marketplace. It also sets the techuological VanSlyke. Appl. Phys. Lett., 51. 913 (1987), C. W. Tang, S. 
standard against which other FPD techuologies are com- A. VanSlykc and C. H. Chen, J. Appl Phys .. 65, 3610 
pared, Examples of LCD panels include: (1) 14", 16-color 30 (1989)). Organic EL media have two important advantages: 
LCD panel for work stations (IBM and Toshiba. 1989) (see they arc highly efficient; and they have low voltage require-
K. Ichikawa. S. Suzuki, H. Marino, T. Aoki. T. Higuchi and mcnts. The latter characteristic distinguishes over other 
Y. Oano. SID Digest. 226 (1989)). (2) 6". full-color LCD- thin-film emissive devices. DisclOsures ofTFT-EL devices 
TV (Phillips. 1987) (see M. J. Powell,J. A. Chapman.A. G. 

35 
in which EL is an organic material include: U.S. Pat. Nos. 

Knapp. I. D. French, J. R. Hughes. A. D. Pearson. M. 5,073,446; 5.047.687. 5.059.861; 5.294,870; 5,151.629; 
Allinson. M. J .. Edwards. R. A Ford. M. C. Hemmings. 0. 5.276.380; 5,061.569; 4,720.432; 4,539.507; 5,150,006; 
F. Hill. D. H. Nicholls and N. K. Wright. Proceeding, 4,950.950; and 4356.429. 
International Display Conference. 63. 1987). (3) 4" full· The particular properties of organic EL material that make 
color LCD TV (model LQ424A01. Sharp. 1989) (see Sharp it ideal for TFT are summarized as follows: 
Corporation Technical Literature for model LQ424A01). 

40 
1) Low-voltage drive. Typically, the organic EL cell 

and (4) 1 mcgapixel colored TFI'-L~ (Gen~ Electric) requires a voltage in the range of 4 to 10 volts depend-
(see D. E. Castleberry ~nd G .. E .. Possm. SID D1g~st.. 232 ing on the light output level and the cell impedance. 
(19~8)). All referenc~s. mc~uding patents. and publications. The voltage required to produce a brightness of about 
are mcorporated herem as if reproduced m full below. 45 20 fL is about 5 V. Titls low voltage is highly attractive 

A common feature in these LCD panels is the use of for a TFT-EL panel, as the need for the high-voltage 
thin-film-transistors (TFf) in an active-addressing scheme. TFT is eliminated. Furthermore. the organic EL.cell can 
which relaxes the limitations in direct-addressing (see S. be driven by DC or AC. As a result the driver circuity 
Morozumi. Advances in Electronics and Electron Physics. is less complicated and less expensive. 
edited by P. W. Hawkes. Vol. 77, Academic Press 1990). The 50 2) High efficiency. The luminous efficiency of the organic 
success of LCD technology is in large part due to the rapid EL cell is as high as 4 lumens per watt. The current 
progress in the fabrication· of large-area TFT (primarily density to drive the EL cell to produce a brightness of 
amorphous silicon TFr). The almost ideal match between 20 fL is about 1 mAJcm.2• Assuming a 100% duty 
'IFI' switching characteristics and electrooptic LCD display excitation. the power needed to drive a 400 cm.2 full-
elements also plays a key role. 55 page panel is only about 2.0 watts. The power need will 

A major drawback: of TFT-LCD panels is they require certainly meet the portability criteria of the flat panel 
bright backlighting. This is because the transmission factor display. 
of the 'IFI'-LCD is poor. particularly for colored panels. 3) Low temperature fabrication. Organic EL devices can 
'fypically the transmission factor is about 2-3 percent (see S. be fabricated at about room temperature. This is a 
Morozumi. Advances in Electronics and. Electron Physics, 60 significant advantage compared with inorganic emis-
edited by P. W. Hawkes, Vol. 77. Academic Press, 1990). sive devices, which require high-temperature (>300° 
Power consumption for backlighted 'IFI'-LCD panels is c.) processing. The high-temperature processes 
considerable and adversely affects portable display applica. required to make inorganic EL devices can be incom-
tions requiring battery operation. pab.'ble with the TFr. 

The need for backlighting also impairs miniaturization of 6S The simplest drive scheme for an organic EL panel is to 
the fl.at panel. For example, depth of the panel must be have the organic display medium sandwiched between two 
increased to accommodate the backlight unit. Using a typi- sets of orthogonal electrodes (rows and colt1IDD5). Thus. in 
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this two-tenninal scheme, the EL element serves both the 
display and switching functions. The diode-like nonlinear 
current-voltage characteristic of the organic EL element 
should, in principle, perm.it a high degree of multiplexing in 
this mode of addressing. However. there are several major 
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 10 
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 panel. Depending on the size of the panel. 
this instantaneous brightness may be difficult to 15 
achieve. For example. consider a panel of 1000 scan 
rows operating at a frame rate of V60 seconds. The 
allowable dwell time perrow is 17 µs. In order to obtain 
a time-averaged brightness of. for example. 20 R. the 
instantaneous brightness during the row dwell time 20 
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 cell at a high current density 
of about 1 A/cm2 and a voltage of about 15-20 volts. 
The long-term reliability of a cell operating under these 25 
extreme drive conditions is doubtful. 

2) Unifonnity. The current demanded by the EL elements 
is supplied via the row and column buses. Because of 
the instantaneous high current. the IR potential drops 
along these buses are not insignificant compared with 30 
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 non
uniform light output 

Consider a panel with 1000 rows by 1000 colwnns with 35 

a pixel pitch of 200µx200µ and an active/actual area 
ratio of 0.5. Asswning the column electrode is indium 
tin oxide (ITO) of 10 ohms/square sheet (0/0) 
resistance, the resistance of the entire rro bus line is at 
least 10.000 ohms. The m drop along this bus line for 40 
an instantaneous pixel current of 800 µA (2 A/cm'') 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 non
uniform light emission in the panel. In any case, the 45 
resistive power loss in the bus iS wasrefiII. A sim.ilar 
analysis can be performed for the row electrode bus 
that has the additional burden of canying the total 
current delivered to the entire row of pixels during the 
dwell time, ie .. 0.8 A for the 1000-colwnn panel. 50 
Asswning a 1 µm thick alwninwn bus bar of sheet 
resistance about 0.028 ohms/square the resultant m 
drop is about 11 volts. which is also unacceptable. 

3) Electrode patterning. One set of the orthogonal 
electrodes. the anode-indiwn tin oxide. can be pat- 55 
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 cV, and preferably mag- 60 
nesiwn alloyed with another metal such as silver or 
aluminwn (see Tang et al., U.S. Pat No. 4.885.432). 
The magnesium-based alloy cathode deposited on lop 
of the organic layers cannot be easily patterned by any 
conventional means involving photorcsists. The pro- 65 
cess of applying the photorcsist from an organic solvent 
on the EL cell deleteriously affects the soluble organic 

4 
layer underneath the magnesium.based alloy layer. 
This causes delamination of the organic layers from the 
substrate. · 

Another difficulty is the extreme sensitivity of the cathode 
to moisture. Thus, even if the photoresist can be suc
cessfully applied and developed without perturbing 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-tenninal TFT-EL device in which organic material is used 
as the EL medium. The device comprises two TFJ's. a 
storage capacitor and a light emitting organic EL pad 
arranged on a substrate. The EL pad is electrically connected 
to the drain of the second TFT. The first TFl' is electrically 
connected to the gate electrode of the second TFl' which in 
turn is electrically connected to the capacitor so that fol
lowing an excitation signal the second TFr is able to supply 
a nearly constant current to the EL pad between signals. The 
TFf.EL devices of the present invention are typically pixels 
that arc formed into a fl.at panel display. preferably a display 
in which the EL cathode is a continuous layer across all of 
the pixels. 

The TFT·organic EL device of the present invention arc 
formed in a multi·step process as described below: 

A first thin-film-transistor (TFI'l) is disposed over the top 
surface of the substrate. TFI'l comprises a source electrode, 
a drain electrode. a gate dielectric, and a gale electrode; and 
the gate electrode comprises a portion of a gate bus. The 
source electrode of TFTl is electrically connected to a 
somce bus. 

A second thin-film-transistor (TFT2) is also disposed over 
the top surface of the substrate. and TFr2 also comprises a 
source electrode. a drain electrode. a gate dielectric, and a 
gate electrode. The gate electtodc of 'IFI'2 is electrically 
connected to the drain electrode of the first thin-fihn
transistor. 

A storage capacitor is also disposed over the top surface 
of the substrate, During operation, this capacitor is charged 
from an excitation signal source through TFI'l. and dis
charges during the dwell time to provide nearly constant 
potential lo the gate electrode of TFI'2. 

An anode layer is electrically connected 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 ofTFrl. and preferably over the entire surface of the 
device. The dielectric passivation layer is etched 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 ttie 
organic electrolwninesc.ent layer. 

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

The thin-film.transistors are preferably formed simulta
neously by a multi-step process involving: 
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the deposition of silicon that is patterned into polycrys
talline silicon islands; 

chemical vapor deposition_ of a silicon dioxide gate elec
trode; and 

deposition of another polycrystalline silicon layer which 
is patterned to form a self-aligned gate electrode so that 
after ion-implantation a source, drain, and gate elec
·trOde are fonned on each thin-film-transistor. 

6 
FIG. 8 is a cross-sectional view taken along Jine A-A', 

illustrating the steps of depositing an eledroluminescent 
layer and a cathode. 

FIG. 9 is a cross-sectional view taken along line B-B' in 
5 FIG. 2. 

DEfAJIBD DESCRIPTION OF THE 
INVENTION 

The construction of pixels having .thin-film-transistors FIG. 1 shows the schematic of an active matrix 4-terminal 
composed of polycrystalline silicon and silicon dioxide 10 'IFI'-EL display· device. Each pixel element includes two 
provides improvements in device performance, stability. TFl's; a storage capacitor and an EL element. The major 
reproducibility. and process efficiency over other TFTh. In feature of the 4-terminal scheme is the ability to dec.ouple 
comparison.1Ffs compose.d ofCdSe andamotphous silicon . the addressing· signal from the m...excitation signal. The EL 
suffer from low .mobility and threshold drift effect. element is selected via the logicTFf CI'l) and the excitation 

There are several important advantages in the actual panel 15 power to the EL element is controlled by. the power TFr 
construction and drive arrangement of a 'IFJ'-organic EL (f2). The storage capacitor enllbles the excitation power to 
device of the present invention: an addressed EL element to stay on once it is selected. Thus. 

1) Since both the organic EL pad and the cathode are the circuit provides.a memory that allows the EL element to 
continuous· layers. the pixel resolution is defined only operate at a duty cycle close to 100%. regardless of the time 
by the feature size of the TFr and the associated 20 allotted for addressing. . , 
display ITO pad and is independent of the organic The conStruction of the electrolumuiescent device of the 
component or the cathode of the EL cell. present invention ·is illustrllted in FIGS. 2. and 3. The 

2) Toe cathode is continuous .and common to all pixels. It ·substrate of this device is an -'insulating· and preferably 
requires 00 patterning for pixel definition. The diffi- transparent mater:ial such as quartz or .a low temperature 
culty of patterning the . cathode in the two-tenninal 25 gll!,SS. The tenn transparent. as it _is used in the ·present 
scheme is therefore eliminated. disclosure. means that the component transmits sufficient 

light for practical use in a display device. For example, 
3) The nuinbcr of scanning rows is no longer limited by components transmitting 50% or more of light in a desired 

the short row dwell time: in a· fram,e period. as the frequency range are considered transparent The term low 
~ddressing and excitation signals are decoupled. Each 30 tempera~e glass refers to _glasses that· melt or warp at 
scan row is operated at close to 100% duty factor. High temperatures above about 600a c. 
resolution can be obtained since a large number of scan In the TFT-EL device illustrated in FIG. ·2. TFI'l is the 
rows can be incorporated into a display panel while logic transistor with the somce bus (column.electrode) as the 

· maintaining unifonn intensity. 
· 

35 
data line· arid the gate bus (row electrod~) ·JU the gate line. 

4) Toe reliability of the organic EL element is enhanced TFI'2 .is the EL power transistor in .serj~ with the EL 
since it operates at a low cwrent density (1 mA/cm:!.) element. The gate line ofTFI'2 is connected to the drain of 
and voltage (5 V) in a 100% duty factor. · TFrl. The storage capacitor .is in series with 'IFJ'l. The 

5) The.IR potential drops along the buses are insignificant anode ·of the EL element is connected to the drain of"TFI':2. 
because of the use of a common cathode and the low The construction of the TFT-EL of FIG. 2 'is shown in 
cllII"ent .density required to drive the EL elements. 40 cross-sectjonal view 'in FIGS. ·.3-9 .. The cross-sectional 
Theref()re · 1.fie panel unifonnity is not significantly views shown in FIGS. 3-8 are taken along sCction line A-A' 
affecte_d by the. size of the panel. in FIG. 2. The cross-sectional view.in F1G. 9 is taken along 

BR1EF DESCRIPTION OF TIIE DRAWINGS 

FIG. 1 · is a schematic diagram, of an active malrix 
4-tenninal TFr-EL device. Tl and T2 are thin-film
traosistors. Cs is a capacitor and EL is an electrolumineScent 
layer. 

FIG. 2 is a diagrammatic plan view of the 4-tenninal 
'IFI'-EL device of the present invention. 

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

FIG. 4 is a cross-sectional view taken along the line A-A'. 
illustrating the·process of fanning a self-aligned TFT'struc
ture for ion implantation. 

FIG. 5 is a cross-sectional view taken along the line.A-A'. 
illustrating the processing steps of deposiq'.ng a passivation 
oxide layer and opening contact cuts to the sourc.e and drain 
regions of the thin-film-transistor. 

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

FIG. 7 is a cross-sectional view taken along line A-A'. 
illustrating deposition of the d,isplay aoode and a passivation 
layer that has been partially etched from the surface of the 
display anode. 

line B-B' in FIG. 2. . ' 

45 . In the first procesSing step. a polysilicon layer is deposited 
over a transparent. insulating substrate 41 and the polysili
con layer .ts patte'rned into .an island 48 (see FIG. ·4) by 
photolithography. The substrate may be crystalline material 
such as ·quartz. but preferably"is a less expensive material 

50 such as low temperature glass~ When a glass substrate is 
utilized. it is. preferable that the entire fabrication of the 
TFI'-EL be carried out· at low processing temperatures to 
prevent melting or Wi11ping of the glass and to prevent 
out-diffusion of dopants into the active region. Thus. for 

55 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 smface of the .insulating 
subStrate. Insulating material is preferably silicon dioxide 

60 that is deposited by. a chemic.al vapor deposition (CVD) 
technique such as plasma enhanced CVD (PECVD) or low 
pressure CVD (LPCVD). Preferably. the gate oxide insulat
ing layer is about 1000 A in 'thickness. 

In the ne.xt step. a layer of silicon 44 is deposited over the 
65 gate insulator layer and patterned by photolithography over 

the polysilicon island such that after ion implantation, 
source and drain regions are fanned in the polysilicon 
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comprises an electron injecting layer in contact with the 
cathode and a contiguous electron transporting layer that is 
inteiposed between the electron injecting layer and the hole 
injecting and transporting zone. Recombination of the boles 

island. The gate electrode inaterial is preferably polysilicon 
formed from amorphous silicon. Ion implantation is con
ducied with N-type dopants. preferably arseni.c. The poly
silicon gate electrode also serves as the bottom electrode of 
the capacitor (see FIG. 9). 

In a preferred embodiment of the present invention, the 
thin film transistors do not u~e a double gate structure. 
Thus manufacturing is made less complex and less expen
sive. 

s and electrons, and luminescence, occurs within the electron 
injecting and transporting zone adjacent the junction of the 
electron injecting and transporting zone and the hole inject
ing and transporting zone. The components making up the 
organic EL layer are typically deposited by vapor 

lO deposition. but may also be deposited by other conventional A gate bus 46 is applied and patterned on the insulating 
layer. The gate bus is preferably a metal silicide such as 
tungsten silicide (WS~). 

In the next step. an insulating layer, preferably silicon 
dioxide. 52 is applied over the entire sll!facc of the device. 15 

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~transistors (see FIGS. 6 and 7). 
The electrode material 62 attached to the soW'Ce region of 
TFI'.2 also fonns the top electrode of the capacitor (see FIG. 20 
9). A source bus and ground bus are also fonned over the 
second insulating layer (see FIG. 2). In contact with the 
drain region ofTFr2 is a transparent electrode material 72. 
preferably ITO, which serves as the anode for the organic 
electroluminescent material. 2S 

In the next step. a passivating layer 74 of an insulating 
material, preferably silicon dioxide. is deposited over the 
swface 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 30 

electrolwninescent layer. A tapered edge is necessary to 
produce reliable devices because the present invention uti
lizes relatively thin organic EL layers. typically 150 to 200 
nm thick. The passivation layer is typically about 0.5 to 
about 1 micron thick. Thus. if the edge of the passivation 35 
layer forms a peq,endicular 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 40 
with respect to the anode layer. 

The organic electroluminescent layer 82 is then deposited 
over the passivation layer and the BL anode layer. The 
materials of the organic EL devices of this invention can ta.kc 
any of the fonns of conventional organic BL devices. such 4S 
as ·those of Scozzafava 'EPAj49.265 (1990); Tang U.S. Pat. 
No. 4.356.429; 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. 4.950.950; Littman et al. U.S. Pat. No. so 
5,059.861; VanSlyke U.S. Pat. No. 5.047.687;Scozz.a:fava et 
al. U.S. Pat. No. 5.073,446; VanSlyke et al. U.S. Pat. No. 
5.059.862; VanSlyke ct al. U.S. Pat. No. 5.061.617; 
VanSlyke U.S. Pat. No. 5.151.629; Tang ct al. U.S. Pat. No. 
5.294.869; and Tang ct al. U.S. Pat. No. 5.294,870. the ss 
disclosures of which are incorporated by reference. The EL 
layer is comprised of an organic hole injecting and trans
porting zone in contact with the anode, and an electron 
injecting and transporting zone fonning a junction with the 
organic hole injecting and transporting zone. The hole 60 
injecting and transporting zone can be formed of a single 
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 electron inj~ng and transporting zone. 6S 
Similarly. the electron injecting and transporting zone can be 
formed of a single material or multiple materials. and 

techniques. · 

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

wherein: 

Q is Nor C(R) 

M is a metal. metal oxide or metal halide 

R is hydrogen. alkyl. aralkyl. aryl or a.lkaryl, and 

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

In a preferred embodiment the hole transporting layer is 
an aromatic tertiary amine. Aptef"ei'i'ecl. rubctass uf ato~c 
tertiary amines .l!lclude tetraaryldiamincs having the for-
mula: · 

I 
wherein 

Arc is an arylene-group, 

n is an .integer from 1 to 4. and 

Ar, R,, Rs and Rg are independently selected aryl groups. 
In a prefmed embodiment. the lwninescent, electron 

injecting and transporting zone contains a metal oxinoid 
compound. A preferred example of a metal oxinoid com
pound has the general fonuula: 
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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 (atomic ratio) magnesiwn: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 
function 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 

wherein R1-R.., represent substitutional possibilities. In 
another preferred embodiment. the metal oxinoid compound 1s 
has the formula: 

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. However, in an alternative embodiment. 
light is emitted through the cathode rather than the anode. In 
this case the cathode must be light transmissive and the .. 

L, L, .. 0 Af-OQL, .. 
\ 

N 

L, r.. 
•, R, 

wherein RrR.., are as defined above and L1-Ls 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 L1 and I-,; together or L2 
and ~ together can form a fused benzo ring. In another 
preferred embodimenL the metal ox.inoid compound has the 
formula: 

.. 0 

Af 

R, 

R, 

20 anode may be 9.PM~Apractical balance light transmission 
and technical 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 

25 first step, an amorphous silicon film of 2000±20 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 temperature anneal at 550° C. for 72 
hours in vacuum to crystallize the amorphous silicon film 

JO into a polycrystalline film. Then a polysilicon island is 
fonned by etching with a mixture of SF6 and Freon 12 in a 
plasma reactor. Onto the polysilicon island active layer is 
deposited a 1000±20 A PECVD Si02 gate dielectric layer. 
The gate dielectric layer is deposited frCJ:~ a 5/4 ratio of 

35 N20/SiH4 in a plasma reactor at a pressur~ of 0.8 Torr with 
a power level of 200 Wand a frequency of~50 KHz at 350° 
C. for 18 minutes. 

In the next step an amorphous silicon layer is deposited 
over the PECVD gate insulating layer and converted to 

40 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 fonn a self
aligned structure for the subsequent ion implantation SteJ?, 
The second polysilicon layer is preferably about 3000 A 

45 thick. 
Ion implantation is conducted by doping with arsenic at 

120 KeV at a dose of 2x1015/cm.2 to simultaneously dope the 
source. drain and gate regions. Dopant activation is carried 

wherein R2-~ represent hydrogen or other substitutional 50 
possibilities. 

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 conventional low temperature methods. Alu
minwn contacts are formed by a physical vapor deposition 

The foregoing examples merely 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 electrolwninescent layers generally. As 55 
can be seen from the foregolllg 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 60 
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 are preferred for the 65 

cathode since they readily release electrons into the electron 
transporting layer. The lowest work function metals are the 

and sintered in fanning gas (10% H2• 90% N2) for thirty 
minutes at 400° C. 

Finally. hydrogen passivation of the thin-film-transistor is 
carried out in an electron cyclotron resonance reactor (ECR). 
ECR hydrogen plasma exposure is conducted at a pressure 
of l.2x10-4 Torr with a microwave power level 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 TFI'-EL 
panel: 
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Number of rows 
Number of columns 
Pixel dimensicl!I 
m. fill-factor 
frame lime 
row dwell time 
Avg brightness 
Bt.pixelcurmnt 
Duty cycle 
EL power SOUfl:e 

11 

1000 
1000 
200 µm x 200 µm. 
50% 
17= 
17"' 
20a. 
0.8 µA 
100% 
10VH11$ 

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

1FT1 

Gate voltage 
Source voltage 
On-current 

o•-=
Gatc voltage 
Source voltage 

On<""'"' 

Off-curreot 
Storage capacitor: 

Sao 

IOV 
IOV 

2'"' 10-11 A TFI'2 
lDV ,v 
2 X EL pixel C~DI 
l.6µA 
loA 

1 pf 

12 
TFT-LCD panels. First, the TFr-EL power need is relatively 
independent of whether the panel is monoclirome or multi
color. provided that the color materials have a similar 
luminescent efficiency. In contrast, the 1Fr-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 TFr-ELpower consumption is highly depen-

10 dent on this usage factor. The average power consumption 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 preferred embodiments thereof. but it will be 

1s understood that variations and modifications can be effected 
within the spirit and scope of the invention. 

Parts List 

20 42 gate material 
44 $ilkw layer 
46 • gate bus 
52. iilsulatuJ& layer 
54 COntllet bole 
56 «Jll!aCI bolo 

25 62 electrode material 
72 elcetrodo material 
74 pass:ivatuJ& layer 
76 tapeied edge 

The on-current requirement for TFTI is such that it is 82 ~~~ 
large enough to charge up the storage capacitor during the 30 -----'-'---------------
row dwell time (17 ps) to an adequate voltage (10 V) in order 
to rum on the TFT2. The off-cUIIent requirement for TFTl 
ls such ihat lt ls sma.J.1 enouga'i. that the voltage drop on t'ic 
capacitor (and TFT2 gate) during the frame period (17 ms) 
is less than 2%. 

The on-current requirement for TFI'2 is (designed to be) 35 
about 2 times the EL pixel current. 1.6 µA. This factor of two 
allows for adequate drive current to compensate for the 
gradual degradation of the organic EL element with opera
tion. The off-current of TFr2 affects the contrast of the 
panel, An off-cwrent of 1 nA should provide an on/off 40 

contrast ratio greater than 500 between a lit and an unlit EL 
element The actual contrast ratio of the panel may be lower. 
depending on the ambient lighting factor. 

For a full page panel of 400 cm2 the power required by the 
EL elements alone is about 4 watts. 

Power 400cm2x 10v xO.OOlA/crrl-

4 ~'" 

45 

This power consumption excludes the power consumed by so 
the 'IFI's. Since TFI'2 is in 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 5 volts. the total power loss on TFT2 is 2 watts. 
The P.OWer consumption for TFTl is estimated to be no 55 
greater than 1 watt for the lOOOxlOOO panel The power 
needed for the row (gate) drivers is negligible. on the order 
of a few tens of milliwatts. and the power for the column 
(source) drivers is on the order of 0.5 watt (see S. Morozumi. 
Advances in Electronics and Electron Physics. edited by P. 60 
W. Hawkes, Vol 77. Academic Press, 1990). Thus. the total 
power consumption for a full page 'IFI'-m.. panel is about 7 
watts. Realistically. the average power consUIDption would 
be much less since the m..screen is not 100% on in average 
usage. 6S 

The TFT-fil.. panel of the present invention has two 
important advantages in tenns of power requirements over 

We claim: 
1. An clectroluminesce::t 1fat p2..uel display co.mprisi??g: a 

substrate having top and bottom surfaces; and having dis
posed on said substrate 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 th.in-film-transistor 
comprises a source electrode. a drain electrode. a gate 
dielectric. and a gate electrode; and wherein said gate 
electrode comprises a portion of a gate bus; 

b) a second thin-film-transistor disposed over the top 
surface of said substrate; wherein said second thin
filrn-transistor comprises a source electrode, a drain 
electrode. a gate dielectric. and a gate electrode; 
wherein said gate electrode is ele.c:trically CQIUlf:Ctc!! t9 
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 
electrodes: 

d) a display anode layer electrically connected to said 
drain electrode of said second thin-film-transistor; 

e) a dielectric passivation layer overlying said first and 
second tbin~film-transistors and said capacitor; said 
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 ftntber over said 
anode layer than does the top edge of said passivation 
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 electroluminescent layer positioned directly 
on the top surface of said anode layer; wherein said 
organic electroluminescent layer is insulated from said 
first and second thin-film-transistors. and said 
capacitor. by said passivation layer; and 
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g) a cathode layer positioned directly on the top surface of 
said organic electrolwninescent layer; 

and further comprising a plurality of column leads con
nected to the source electrode of said first thin-film
transistor on each pixel and a plurality of row leads 
connected 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 fl.at panel display of claim I wherein said cathode 
layer is a contiguous sheet overlying said plurality of pixels. 10 

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

4. The flat panel display of claim 1 wherein said organic 
electroluminescent layer is a contiguous sheet overlying said 15 
plurality of pixels. 

S. The flat panel display of claim 1 wherein said substrate 
is a glass material fonning the front screen of said flat panel 
display. 

6. The flat panel display of claim 5 wherein said glass 20 
matc:r:ial is a silica-based low temperature glass. 

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

14 
8. The flat panel -display of claim 7 wherein said plurality 

of pixels are powered by a potential of less than 10 volts. 
SI. The flat panel display of claim 8 wherein said potential 

is about 5 volts, and the current density is about 1 mA/r:m2• 

10. The flat panel display of claim 1 wherein said capaci
tor bas a storage capacity of about 1 pf. 

11. The flat panel display of claim 1 having lOOOrows 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 
watts during operation. 

12. The flat panel display 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 
polysllicon layer: and further wherein 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 
Disclosed is a novel organic electrolumine.scent device 
which can be 11&ed as a pixel for graphic display, a pixel 
for a television image Oisplc!,Y device or a surface light 
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 a light-emitting layer formed of a lumi
nescent organic solid is placed between two mutually 
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 outer surface of the above 
laminated structure. In producing the novel organic 
electroluminescent device disclosed herein, particularly 
preferably, the above laminated structure is prepared in 
a continuous vacuum environment as a series at least 
from the formation of the light-emitting layer to the 
formation of the electrode on the light-emitting layer 
directly or through the electron-injecting layer or the 
hole-injecting layer as a series, arid then the above pro
tection layer is formed in a vacuum environment contin
ued from the above vacuum environment. 

15 Claims, 7 Drawing Sheets 
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ORGANIC ELECl'ROLUMINESCENCE DEVICE 
WITH A FLUORINE POLYMER LAYER 

2 
electrode and the back-surface glass and sealed, is ap
plied to the organic EL device, the silicone oil infil
trates the light-emitting layer through the opposite elec
trode or through the opposite electrode and the hole-

TECirnICAL FIELD 5 injecting layer or the electron-injecting layer, and the 
The present invention relates to an electrolumines- light-emitting layer is altered due to the silicone oil. 

cence device (to be referred to as "'EL device" hereinaf- Therefore, the organic EL device immensely deterio-
ter) such as an eiectroluminescence element and an rates in light emission properties, or no longer emits 
clectroluminesccnce lamp and it particularly relates to light. When a resin coating layer generally used for 
an organic EL device. 10 mechanical protection (the solvent for the coating solu-

TECHNICAL BACKGROUND 
tion is a cyclic ether.c:ontaining solvent such as tetrahy
drofuran, etc., a halogen.-containing solvent such as 

An EL device, which can be largely classified into an chloroform, dichloromethane, etc., or an aromatic hy-
inorganic EL device and an organic EL device, has drocarbon-based solvent such as benzene, toluene, xy-
high visibility due to its self-emission, and is excellent in 15 Iene. etc.) is applied to tile protection of the organic EL 
impact ~stanc7 and easy to handle since it is a com- device, the solvent used in the resin coating solution 
pletely solid deVlc~. For.~es7 reasons, research~ devel- infr.ltrates the Iigbt--emitting layer like the above silicone 
opm~t ill;ld practi~ utilization th~i:eof _as a prx~l for oil. Therefore, the organic EL device greatly deterio-
gra~hic display, a PJ?lel for a televlSlOD IID.age dLSp]ay rates in light emission roperties or does not at all emit 
devJCe or a surface hght source are under way. 20 light p ' 

An organic EL device has a laminated structure in . . . . 
which a light-emitting layer formed of a fluorescent It ~ therefore ~ obJect ?f the present mventlon to 
organic solid such as anthracene,. etc., and a hole-inject- proVIde_ an orgamc BL device w~ch can be produced 
ing layer formed of triphcnylamine, ~tc., are provided, so that 1t structurally bas a long life. 
a light-emitting layer and an electron-injecting layer 25 DISCLOSURE OF TIIB INVENTION 
formed of a perylene derivative, etc., are provided, or a 
hole-injecting layer, a light-emitting layer and an elec- ~e org.anic EL device o~ the present inven~i~n 
tron-injecting layer ~e provided, between two elec- which ~chieves the abov~ obJect h:t5 a ch_aractensti~ 
trodes (the electrode on the light-emitting side is a trans- .feature m that t~e or?aruc EL de~ce ha~~ a lami-
parcnt electrode). This laminated structure is generally 30 nated structure, m which at least a light-emitting layer 
formed on a substrate. formed ofa luminescent organic solid is placed between 

Such an organic EL device utilizes light emission two mutually opposing electrodes, has a film of an elec-
caused when electrons injected into a light-emitting trically insulating polymer compound as a protection 
layer and holes are recombined. Therefore, an organic layer on an outer surface of the above laminated struc-
EL device has advantages that it can be actuated at a 35 ture. 
low voltage, e.g., 4.S V and response is fast by decreas
ing the thickness of the light-emitting layer, and it also BRIEF DESCRIPTION OF DRAWINGS 

has advantages that it gives a high-brightness EL device FIG. t is a schematic view showing the cross section 
~ce the brightness is in propo~on to ~ injected elec- of a vacuum vapor deposition apparatus used in Exam.-
me current. Further, by changmg the kinds of flu ores- 40 ples for the production of the organic EL device of the 
cent organic ~lids of .w~c~ the li~t-e~tting layer is present invention. FIG. 2 is a perspective view schemat-
!O be fo~ed, Iigh; emission is obtained m all the colors ically showing a transparent substrate used in Example 
m the VlStble regions of blue, green, yellow and red. 7. FIG. 3 is a schematic view of the cross section of the 
~ince an organic EL device. has these advantages. par- organic EL device of the present invention (in which a 
ticularly an ~dvantage that Jt ~ be actuated at a low 45 protection layer alone is newly formed) obtained in 
voltage, studies thereof for practical use are under way Example 7. FIG. 4 is a schematic view of the cross 
at present. • . . section of the organic EL device of the present inven-

Meanwhile, a fluorescent organic solid used as a ma- ti" (" hi h shield I · , d 'd t "alfi fi • th ligh .. 1 f . on mw ca ayeris,orme outs1 eaproec-
ten °; ~rmmg 7 t-ennttmg ayer O an organic ti.on layer) obtained in Example 7. FIG. 5 is a chart 
EL deVIce is susceptible to water, oxygen, etc. Further. 50 sh • th t ults f b · ht f 0 an electrode (to be sometimes referred to as 0 opposite o~g e I?easurem~m r:5 ° ng nes.s O r-
clectrode" hereinafter), which is formed on a light-emit- game EL de~ces obtained m Example 1, Exam.pl~ 2 
ting layer directly or through a hole-injecting layer or and Comparative Example 1. FIG. 6 is a ~hart showt~g 
an electron-injecting layer, is liable to deteriorate in the m~ment ~ul~ of voltages applied to organic 
properties due to oxidation. As a result, when a conven- 55 EL deVI~ obtained m Examp~e 1, Example. 2 and 
ti.anal EL device is actuated in the atmosphere, its life as Comparative Example 1. F';(G. 7 is a chart s~owmg the 
a device is short. Therefore, in order to obtain a pmcti- ~easurem~nt r_esuli$ of bnghtness of or~c BL de-
cally usable organic EL device, itis required to increase vices ob~ed m Bxampl_e 3 and Comparative Example 
the life thereof by protecting the device so that water, 2. FIG. 8 JS a ~hart shawm~ the meas~ement re:-nits ?f 
oxygen, etc., do not infiltrate the light-emitting layer 60 volt.ages apphed to or~c BL devices obtain~ m 
and that the opposite electrode does not undergo oxida- Example 3 and Comparative Example 2. FIG. 9 IS a 
ti.on. chart show.ing the measurement results of brightness of 

However, no effective protection method has been organic BL devices obtained in Example 4 and Compar-
developed for the organic EL device. For example, ative Example 3. FIG. 10 is a chart showing the mea-
whcn a method of protecting {sealing) an inorganic EL 65 surement results of voltages applied to organic EL de-
device, i.e., a method in which a back-surface glass plate vices obtained in Example 4 and Comparative Example 
is provided outside a back electrode (opposite elec- 3. FIG. 11 is a schematic view shoWlllg the method of. 
trode) and a silicone oil is placed between the back brightn~ measurement in a life test. 

.· ··f;F!ftt....· :.;.> 
.~·W;'~~-~°f);1~" 
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4 
Resistance heating method, electron beam heating 

PREFERRED EMBODIMENTS FOR WORKING method, high-frequency induction heating method, re-
TIIE INVENTION active vapor deposition method, mo1ecu1ar beam epi-

As described above, the organic EL device of the taxy method, hot wall vapor deposition method, ion 
present invention has a film of an electrically insulating 5 plating method, ionized cluster beam method, vapor 
polymer compound as a protection layer on the outer deposition polymerization method, etc. 
surface of a laminated structure in which at least a light- Sputtering method . 
emitting layer formed of a luminescent organic solid is • Diode sputt~g method, diode magnetron spu~r-
placed between two mutually opposing electrodes. The mg method, ~ode and ~etraode plas~ . sputtenng 
constitution of the above laminated structure includes 10 methods, reactive sputtenng method. 1om2ed beam 
the following @ to @. sputtering method, a method using a combination of 
© electrode (cathode)/light-emitting layer/hole- these. 

iDjecting layer/electrode (anode) ~y One of these methods can be employed. <??n-
@ electrode (anode)/light-emitting layer/electron- cernmg the PVD method, a vacuum vapor dcpos1tion 

iJuecti.ng Jayer/ele.ctrode (cathode) 15 method is partic~arly pre_ff~rred. . . 
@ ele.ctrode (anode)/hole-injecting layer/light-emit- The fil~ form.mg con~1tions differ dependmg upon 

ting layer/electron-injecting layer/electrode (oath- raw matenals and the kind of the PVD .JJ?-ethod. For 
ode) example, when a vacuum vapor deposition method 

© electrode (anode or cathode)/light-emitting layer- (resistance h':31"'g method! elec~on '"':"" heating 
/electrode (cathode or anode). 20 ~ethod and high-frequency ~ductton heating method) 
An · ti be used In era! th la.mi IS used, preferred are conditions where the pressure 

Y constitu. on may · gen '. e - before the vapor deposition is generally set at not more 
nated ~cture lS formed on a substrate. The S1ZC, _form, than 1 X l0-2 Pa, preferably not more than 6 X 10-3 Pa, 
material, etc., of each of the substrate ~d the laminated the temperature for heating a deposition source is gen-
~ture are prop~rly select~d depending upon us~ of 25 erally set at not more than 7000 C., preferably not more 
the mtendc::c1 orgamc EL ~e~ce such 8:i a surface li~t than 600• c., the substrate temperature is generally set 
s~~· a pix~l For ~hie display, a. J?~el for a teleV1- at not more than 20CJ9 C., preferably not more than 100° 
s1on unage d.rs~la>: deVJce, etc. In addition, each of the c., and the deposition rate is generally set at not more 
~b.ovf: hole-mJecttng layer and the ~bove electron- than 50 nm/second, preferably not more than 3 
mJecting layer refers to a layer having any one of 30 nm/second. 
charge injection_ properties_, charge transport properties (rl) Kinds of the polymer compound used as a vapor 
an~ charge bamer properties, and ID:8-Y have any one of deposition source. 
a single-la~ered structure and a multi·layered structure. The following polymer compounds (A) to (C) may be 
The ~terial _for these !8-Ye:rs 1?3Y be ~y one of an used as a deposition source. 
orgamc material and an morgamc matenal. 35 (A) Fluorine-free polymer compounds such as polyeth-

The organic EL devic~ of th.e pre~nt invention has a ylene, polypropylene, polystyrene, polymethyl meth-
film formed of an !=lectrically insulating polymer com- acrylate, polyimide (obtained by depositing two man-
pound as a protection layer on the outer surface of the omers on a substrate to polymerize them, see 
above laminated structure. Theprotectionlayermaybe ULVAC Technical Journal, 1988, 30, 22), polyurea 
formed at least on a main surl'ace of the opposite elec- 40 (obtained by depositing two monomers on a substrate 
trade. However, the protection layer is particularly to polymerize them, see UL V AC Technical Journal, 
preferably formed on the entire outer surface of the 1988, 30, 22),etc. 
laminated structure. Further, when the laminated struc- (B) Polytetrafluoroethylene, polycblorotrifluoroethyl-
ture has a. layer structure in which the opposite elec- enc, polydichlorodifluoroethylene, cblorotriftuonr 
trode is formed on part of a main surface of one of the 45 ethylene, a copolymer of cblorotrlfluoroethylene and 
light-emitting layer, the hole.injecting ]ayer and the dichlorodifluoroethylene. 
electron-injecting layer, it is preferred to form a protec- (C) Fluorine-containing copolymers having a cyclic 
tion layer at least on that portion of the main surface of structure in the main co polymerized chain. 
a layer underlying the opposite electrode where the (C.l)Fluorine-containingpolymercompounddisclosed 
opposite electrode is not formed and on the main sur- 50 in JP.A 63-18964, fluorine-containing polymer com-
face of the opposite electrode. pound disclosed in JP,A 63-22206, fluorine-contain-

The method for forming the protection layer of an iug polymer compound disclosed in JP ,A 63-238115. 
electrically insulating polymer compound includes: (C-2) Fluorine-containing polymer compound disclosed 
(I) a physical vapor deposition method (PVD method), in JP ,A 3-129852. 
(2) a chemical vapor deposition method (CVD 55 Thefonnofthepolymercompowdwhenitisusedas 

method), a deposition source is not spe.cially limited. The form 
(3) a casting method, 11Dd may be powdery, particulate, bulk-like, disk-like or 
(4) a spin coating method. pellets-like. The form is properly seleoted depending 

These methods are respectively detailed hereinafter. upon the kind of the PVD method employed for form-
(!) PVD method 60 ing the film. 
(i) Kind, film-forming conditions, etc, of the PVD When the polymer componnd (B), (C-1) or (C-2) out 

method of the above polymer compounds is used as a deposition 
The PVD method includes a vacuum vapor deposi- source, there can be obtained, by a PVD method, a 

tion method (mcluding a vapor deposition poiymeriza. deposited film (protection layer) which is formed of the 
tion method), a sputtering method, etc. The vacuum 65 same polymer compound as the polymer compound 
vapor deposition method and the sputtering method can used as a deposition source and is pin-hole free. Further, 
be snb--classified as below. the decrease in the electric rem:tivity, breakdown 

Vacuum vapor deposition method strength and moisture resistance, entailed 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 strength and moisture resistance. Further, since 
the protection layer is transparent~ it has no bad effect 
on the color of light emitted froiu the light-emitting 5 
layer . 

6 

,/ 
C 

R' 

/ 'R" 

.As described above, the above polymer compounds [each of R' and R" is F1 CJ, -COF, a -COO-alkyl 
(B), (C-1) and (C-2) are particularly superior as a mate- group, an alkyl group, a perfluorinated alkyl group or a 
rial for the protection layer. Therefore, these polymer hydrogen-substituted perlluorinated alkyl group ("alkyl 
compounds are further detailed. 10 group" is an alkyl group having 1 to 6 carbon atoms)]}. 

Polymer compound (B) Specific examples of the cyclic ether compound con-
The molecular weight is not less than 400, preferably taining a carbon-carbon unsaturated bond, represented 

from 1,000 to 600,0CX). When the molecular weight is by the formula (I), are particularly preferably as fol-
less than 400, the resultant thin film has low moisture 15 lows. 
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. 20 

As a deposition source, particularly preferred is a 
chlorotrifluoroethylene homopolymer (polychlorotri-

CF=CF 
I I o a ,/ 

C /, 
CF3 CFJ 

fluoroethylene), and specµic ~pies ther~o~ include ·{a compaLUld of the above formula (I) in which both 
N_eoflon CTFE (trade name) supplied _by Daikin :fndus- X and X' are F and R has the formula of 
tries, Ltd. and Kel-F CTFE (trade name) supplied by 25 • 
3M Co., Ltd. 

Polymer compound (C-1) 
This polymer compound is a copolymer obtained by 

copolymerizing a monomer mixture containing tetraflu
oroethylene and at least one cyclic ether compound 30 
containing a carbon-carbon unsaturated. bond, and its 
copolymer main chain has a cyclic structure repre
sented by the following formula. 

-CX-CX'-
1 I 
a o ,/ 

R 

{wherein each ofX and X' is F, a 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' 
'-/ 

C 

/ 'ie· 

35 

40 

45 

[each of R' and R" is F, Cl, -COF, a -COO-alkyl 50 

CF=CF 
I I o, /0 

C 
/, 

F F 

{a compound of the above formula (I) in which both 
X &Dd X' are F, and R bas the formula of 

F 
'-/ 

C 
/'

F.} 

CF=CF 
I I o, /0 

CF=CF 

group, an alkyl group, a per:fluorinated alkyl group or a {a compound of the above formula (I) in which both 
hydrogen-substituted perfluorinated alkyl group ("alkyl X and X' are F, and R is -CF=CF-.} 
group" is an alkyl group having 1 to 6 carbon atoms)]}. In the protection layer, the content of the cyclic ether 

Particularly preferred is a copolymer obtained by compound containing a carbon-carbon unsaturated 
copolymerizing t~tr_afluoroethylene and a cyclic ether 55 bond, represented by the formula (I), based on the total 
compound containing a carbon.carbon unsaturated amount of the tetrafluoroethylene and this compound is 
bond, at least represented by the following formula (I), preferably 0.01 to 99% by weight. particularly prefera-

cx=cx· 
I I 
0 0 
'-/ 

R 

bly 11 to 80% by weight. The copolymer having such a 

60 composition generally has a glass transition point of not 
(]) less than so• c. 

As a comonomer for the copolymer, a comonomer 
from the following (D to @maybe used together with 
the cyclic ether compound containing a carbon-carbon 

65 unsaturated bond, represented by the formula (I). 
{wherein each ofX and X' is F, Cl or H, X and X' (D Olefin comonomers such as ethylene, ]-butene, 

may be the same as, or different from, each other, and R isobutylene, trifluoropropene, trifluoroethylene, 
is -CF=CF- or has the Following formula, chlorotrifluoroethylene, etc. 

: .... t;.;;,·1 .· .. 

• ,i :i91;'.'"'.i:1:;;1;l···1-'!'.•· 
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@ Vinyl comonomers such as vinyl fluoride, vinyli- from fluorine..containing monomers, unsaturated by-
dene fluoride, etc. drocarbon-based monomers and other monomen;. 

@ Perfluoro comonomers sncb as perfluoropropene1 These monomers may be used alone or in combination 
perfluoro(alkyl vinyl ether), methyl 3-[l-[difluoro- for the radical copolymerization with the perfluoro-
[(trifluoroethenyl)oxy]methyl)-1,2,2,2-tetrafluoroe- 5 ether of the above formula (II). In order to make the . 
thoxy]-2,2,3,3-tetrafluoropropanoate, 3-[1- most of the perfluoroether, it is particularly preferred to 
-[difluoro[(trifluoroethenyl)oxy]methyl]-1,2,2,2-tet- use, as a copolymerizable monomer, a fluorine-contain-
~uoroethox.y ]-2,2,3,3-tetiafluoropropionate, 2--[1- ing monomer typified by tetrafluoroethylene, ch]orotri-
·[ difluoro--[(trifluoroethenyl)oxy ]methyl]-1,2,2,2-tet- fluoroethylene, perfluorovinylether, vinylidene fluo-
rafluoroethoxy]-1,1,2,2-tetrafluoroethanesulfonyl- 10 "de, vin l fl "d etc 
fluoride, etc. . n Y non e, . 
The content of the comonomcr from the above @ to The above. perfluoroether 2!1d the above C?polymer-

@ based on the total amount of the tetrafluoroethylene izable ~onom.er can be radical..copolyme~d. by . a 
and the compound (comonomer) of the formula (I) is conventional method such as bulk polymenzation m 
preferably 0.005 to 30% by weight, particularly pref era- 15 whi?h !hes: are _directly polYID;eri7.ed, ~Iution pol~-
bly I to 15% ~weight.When the comonomer from the menzation m which t~ese are dissolved m an o~gamc , 
above (D to (JJ is used in combination with the coma- solvent such as fluonnat~ hydrocarbon, cblonnated 
namer of the formula (I), desirably, the amount of the hydrocarbon, fl.uorochlonnated. hy~ocarbon, alcohol, 
comonomer from the above (D to @ is the smallest hydrocarbon, etc., and polymerized m the solvent, SUS-
among the amounts of the tetrafluoroethylene, the co- 20 pension polymerization in which these are polymerized 
monomer of the formula (I) and the comonomer from in an aqueous medium in the presence or absence of a 
the above G) to @. proper organic solvent, emulsion polymerization in 

Polymer compound (C-2) which these are polymerized in an aqueous medium 
Particularly preferred· is a fluorine-containing co- containing an emulsifier, or other method. Although the 

polymer having a cyclic structure of the following for- 25 proportion of the pedluoroether for the production of 
mula in the main chain, the copalymer 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 dwiog the radical co-/(CF,l.-0-(CF,:J\ 

-CF2-CF CF-

~CF,/ 
30 polymerization arc not specially limited, and can be 

properly selected in view of various factors such as the 
boiling point of the comonomer, a required heating 
source1 removal of polymeri.tation heat etc. The tem-

(~herein each of m and n is, _inde~endently of other, pcrature suitable for the polymerization can be set, e.g., 
an ';D,tefer of? to 5, and ~ +n rs an m~g~r of 1 to 6) 35 in the range of O" to 200° C It is practically preferred to 
which rs obtained by radical-copolymenzmg a. perlluo- set the temperature in the range of room temperature to 
rocther having a double bond at each of the terminals, about 100° C. The polymerization can be carried out 
represented by the general formula (Il), under any pressure conditions, such as reduced pres

sure, atmospheric pressure and elevated pressure. When 
CF:F==CF-(CFVnr-O-<CF2)n-CF=CFz {II) 40 the pressure is set at atmospheric pressure to about 100 

(wherein m and n are as defined above) and a mono- atmospheric pressure, or at atmospheric pressure to 
mer radical-polymerizable with the perfluoroether of about SO atmospheric pressure, the polymerization can 
the above general formula (II) be practically preferably carried out. The initiation of, 

As the perfluoroether of th~ above general formula and proceeding witht the radical copolymerization at 
(Il), preferred are those of the formula (II) in which 45 such a !empcrature under such press~e ~ndi~o.°:' can 
eac~ of m and n is an integer of Oto 3 and m+n is an be ~d ?ut b~ m~ _of an ~rg~c r~cal w~:or, 
integer of l to 4

1 
and particularly preferred are those of an morgamc radical 1n1tiator, Iight1 10IllZlDg radiation, 

the formula (II) in which each of m and n is an integer heat, etc. 
of Oto 2 and m+n is an integer of 1 to 3. Specific exam- Specific examples of the organic radical initiator in-
pies . thereof are perOuoroallylvinylether 50 elude ~o compo~_ds s~ch as 2,2'-~obis~,N'~e-
(CF,==CF-O-CF2-CF=CF2) perfluorodiallyether thyleneisobutylamidine)dihydrochlonde, 2,2 -azobis(2· 
(CF2=CF-CF,-O-CF2-CF~2) perfluoro- amidinopropane)dihydrochloride, 2,2' -azobis(N,N'-
butenylvinylether (CFz=CF--0-cF2-CF- dimethyleneisobutylamidine), etc., organic peroxides 
2-CF=CF.i), perfluorobutenylallylether such as stearoyl peroxide, dlisopropyl peroxydicarbon-
(CFz=CF-CF,-O-CF2-CF2-CF=CF2), per- ss ate, benzoyl peroxide, etc., and the like. 
fluorodi"butenylethcr (CF2=CF-CF2-CF2-0-CF- Specific examples of inorganic radical initiator in-
:,-CF2-CF=CF2), etc. or these perl)uoroethe,s, elude inorganic peroxides such as (NH,),s,o,, K,S201, 
those of the general formula (ll) in which one ofm and etc. As light, vinole light, ultraviolet light, etc., can he 
n is 0, ie., those having one vinylethcr group reprc- used, and a photosensitizer may be used in combination. 
sented by CF2=CF-O- are particularly preferred in 60 The ionizing radiation includes 'Yray, /J ray, a ray, etc., 
view of copolymerization reactivity, ring-closing from radioactive isotopes such as OOCo, 192Jr, 170'f~ 
polymerizability, ge]ation inhibition, etc., and per- 137Cs, etc., and electron beam from an electron beam 
fluoroallylvinylether is a particularly preferable exam- accelerator. 
pie. (2) CVD method 

On the other baud, themonomerto be copolymerized 65 It is preferred to use a plasma polymeri.tation method 
with the perfluoroether of the above general formula in which a gaseow. monomer of ethylene, propylene, 
(ll) is not specially limited if it is a monomer having tetrafluoroethylene, vinyltrimethoxysilane,. hexame-
radical-polymerizability. It can be properly selected thyldisiloxane, tetrafluoromethanc; or the like is poly-

.,.,.,. ·~·,: . 
··~ ... ' .. 

' ,· ~··:bi /'.~ff,;, i·:' 
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10 
m.crized to obtain a polymer corresponding to the above The protection layer that can be formed as described 
monomer. above can sufficiently perform its function even ifit has 

General pyrolysis CVD is not suitable since the sub- a single-layered structure. It may also have a structure 
strate temperature is elevated to a high temperature. having a plurality of layers, at least two layers, as re-

(3) Casting method 5 quired. When it has a structure having a plurality of 
·A fluorine-containing polymer compound is dis- layers, the component of each layer may be the same as, 

solved in a fluorine-containing :solvent such as per- or different from, that of other. 
fluoroalcohol perfluoroether, perfluoroamine, or the In order to obtain an organic EL device having a 
like and the ~prepared solution was cast on a lami- long life, it is desirable to prevent the property deterio-
natcd structure and air-dried for 8 to 16 boors to give a 10 ration of the light-emitting layer and the opposite elec-
film. (protection layer). It .does not matter how long the trode ~uring the. 5:ep of tanning the protection layer. 
drying is carried out. if it is carried out for at least s For ~ reason, 1~ is part:1.cularly ~referred to form the 
hours. Since, however, there is no much difference even protection layer m a vacuum envuonment by a PVJ? 
if the drying time exceeds 16 hours, such a longer dry- ~etho~ or a CVD method. And, for the same reason, tt 
ing time is improper. The drying time is generally prop- 15 is parti_cularly pre~erred t? ~ out the steps ~om the 
erly about 12 hours. formati?n of the light-cDllttmg layer ~ a constttuent of 

The concentration of the raw material in the solution 1!1e laminat~ struc~e to the formation .of the protec-
~ sclccted depending upon the thickness ofthe intended ti.a:" layer ma contmuo~ vacu~. env1ro~ent as a 
protection layer. senes. Furthe_r, _wh~ the light-ermttmg layer 1~ ~o~ed 

The fluorine-containing polymer compound for use 20 on the bole-m;ecting layer or the electron-mJectmg 
includes the lymer compounds (B), (C) and (d) de- layer, !t is prefeITed ~o. c2:11' out the steps fro~. the 

"bed po· g th bo PVD th d formation of the\hole-m1ectmg layer or electron-mJect-
scn(') 5 ':°nc~... ethaod ve me O 

• ing layer which is to underlie the light-emitting layer to 
..- pmcoa~me th, ti fh · J · • 

A suitable amount of the same solution as that de- e iorma ~n o t e protect~on ayer m a continuous 
scribed in the above (3) is dropped on a laminated struc- 25 vacuum envuorune~t as a sen:s. . 

hi h · bcin tatcd t 100 t 20 000 fi Among the orgawc EL devxces of the present mven-
ture w c JS g ro a O t rpm, pre er- tion the organic EL device having a laminated struc-
ably 200 to 8,000 rpm, and the laminated structure is ture

1 

formed on a substrate can be produced, for exam.-
further rotated for S to ~O seconds! pr~erably 10 to 30 ple, according to the following procedures. 
secon~. Then, ~o solution was dri:d m the same m:m- 30 l. Formation of first e]ectrode on substrate 
ner as m the casting method to _obtain a film (protC?tJ.on The first electrode can be formed by a vacuum vapor 
layer). !be amount or the solution .to be dropped differs deposition method, a sputtering method, a CVD 
d~g upon ~e stze of the lam.mated structure or an method, a plating method, a printing method, etc., de-
org:m,ic BL deVJce to be sealed: In gener~, when ~e pending upon electrode materials. 
laminated structure or the or game EL deVJce has a size 35 The electrode material can be selected from electri~ 
of a slide glass (2SX7SX 1.1 mm), the above amount is cally conductive metals such as gold, silver, copper, 
0.6 to 6 ml, prefetably 0.5 to 3 ml. aluminum indium Jnaguesium sodium potassium etc. 

The concentration of the raw material in the solution mixtures ~f these ;lectrically donducti~e metals s~ch ~ 
~ properly se~ depending ~pon the ~ckness of ~he a mixture of magnesium with indium, etc., alloys such as 
mtended protection layer _as ts done m the ~g 40 sodium-potassium, magnesium-copper, tin-lead, silver-
me~od. The range t~~f 1s narrower than that m the tin-lead, nickel-chromium., nickel-chromium-iron, cop-
casting method, and it ts l t? 40 g.(100 ml, preferably 4 per-manganese-nickel, nickel-manganese-iron. copper-
to 20 S.:100 ml from th~ vie~mt of control of the nickel, etc., oxides such as stannic oxide, indium oxide, 
layer thickness, layer un.ifoim.Jty, etc. zinc oxide, ITO ("Indium tin oxide), etc., compounds 

In both the casting method (3) and the spin coating 45 such as copper iodide (Cul), etc., a laminated material 
method (4), it is preferred to further dry the air~dried ofaluminum(Al) and alwninumoxide(A}z03), compos-
film. with a vacuum dryer, etc., at 30° to 100° C., prefer- ite materials such as a combination of synthetic resin 
ably 50° to 80° C. for 1 to 24 houxs, preferably 8 to IS and silver, silicone rubber and silver, silver-containing 
hours. borosilicate glass1 etc., and the like, which are conven.-

By any one of the above-detailed methods (1) to (4), 50 tionally used as an electrically conductive material. 
the protection layer can be formed on the outer surface When the first electrode side (substrate side) is nsed 
of the laminated structure. Although the thickness of as a light-emitting surface, it is preferred to use a trans-
the protection layer depends upon used raw materials parent electrode material. such as stannic oxide, indium 
and a method for the protection layer formation, the oxide, zinc oxide, ITO, Cul, etc., from the viewpoint of 
lower limit thereof is 1 nm, preferably 10 nm. When the 55 increasing the transmittance to light emitted from the 
thicknes.s is set at less than I nm, it is difficult to obtain light-emitting layer. The thickness thereof is preferably 
a uniform thin film by any one of the methods. The 10 nm to 1 µm, particularly preferably not more than 
upper limit thereof cannot be defined since it differs 200 nm. Due to this, it is preferred to employ a vacuum 
depending upon use of the intended organic EL device vapor deposition method, a sputtering method or a 
and a method for the protection layer formation. In the 60 CVD method to form a film. as an electrode. 
PVD method, it is about 100 f.LID from the viewpoint of The first electrode may be any one of an anode and a 
productivity. When the casting method is employed, a cathode. When it is used as an anode, it is preferred to 
film having a thickness of 100 µ.m or more can be easily use an electrically conductive material having a larger 
formed. When the side on which the protection layer is work function than the material for the second elec,, 
formed is used as a light-emitting surface, there are 65 trade (opposite electrode) to be descnbed later. When it 
selected raw materials and formation methods to obtain is used as a cathode, it is preferred to use an electrically 
a protection layer having excellent light transmission conductive material having a smaller work function. 
properties to EL light from the light-emitting layer. Further, the anode material preferably has a work func-
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u 
tionofatleast4eV,andthecathodematerialpreferably The second electrode can be formed in the same 
has a work function of less than 4 eV. manner as in the foOIU1tion of the first electrode, while 

In addition, the material for the substrate on which it is preferred to form it by a vacuum vapor deposition 
the first electrode is to be formed can be selected from method, a sputtering method or a CVD method in order 
conventional materials such as glass, plastic, quartz, 5 to prevent the infiltration of water and oxygen into the 
ceramics, etc. When the substrate side is used as a light· light-emitting layer. The second electrode may be 
emitting surface, a transparent material is used. It is formed directly on the light ...emitting: layer or may be 
preferred to wash the material by an ultrasonic washing formed on the light--emitting layer through th; hole-
method. etc., before the formation of the first electrode. injecting layer or the electron-injecting layer. How-

When the organic EL device is used as a surface light 10 ever, when it is formed on the Iightaemitting layer 
source, a substrate formed of an electrically conductive through the hole-injecting layer, the premise therefore 
material can be used as a substrate, and in this case, the is that no hole-injecting layer is present between the 
substrate can be used as a first electrode. first electrode and the light-emitting layer. When the 

2 Formation of light-emitting layer on first electrode second electrode is formed on the light-emitting layer 
The light-emitting layer can be formed by a vacuum 15 through electron~injecting layer, the premise is that no 

vapor deposition method, a sputtering method, spin electron~injecting layer is present between the first elec-
coating method, a casting method, etc., while the vac~ trade and the light-emitting layer. 
uum vapor deposition method is preferred to obtain a When the second electrode is fanned clirectly on the 
film (layer) which is homogeneous and smooth and light-emitting layer, it is preferred to form it by a vac-
wbich has no pin hole. The light-emitting layer may be 20 uum vapor deposition method. 
formed directly on the first electrode, or may be formed The material for the second electrode can be selected 

from materials similar to those used for the first elec-
on the first electrode through a hole-injecting layer or trade. When the first electrode is used as an anode, it is 
an electron-injecting layer. used as a cathode. When the first electrode is used as a 

The material for the light·emitting layer is properly 25 cathode, it is used as an anode. Accordingly, the mate
selected from flU:orescent organic solids conventionally 

gh rial therefor is properly selected. 
used as a 1i t-emitting layer material such as a The materials for the hole-injecting layer and the 
phthaloperinone derivative, a this.dia:zole derivative, a electron-iojecting layer which are to be formed be-
stilbene derivative, a coumarin derivative disclosed in tween the second electrode and the light-emitting layer 
JP,A 2·191694, a distyrylben:zene derivative disclosed 30 as reqaired are as described previously. It is preferred to 
in JP,A 2·60894, JF,A 2·209988 or JP,A 63-295695, a form these layers by a vacuum vapor deposition method. 
chelated oxinoid compound, etc., depending upon the for the same reason as that described in the formation of 
e~ion color 1?,nd and electri:3"1 and op~cal properties the light-emitting layer: 
req~ _of the mtende_d orgamc EL deVIce or. the Jayer The formation of the second electrode (opposite elec-
constitution of the laminated structure. The thickness of 35 trade) fmishes the formation of the laminated structure 
the light-emitting layer is preferably S nm to 5 µ.m. on the substrate. 

The material for the ~ole-inj~c1;ing layer which is to 4. Formation of protection layer 
be fonn.ed betwe~n ~e lighto.emitting layer and the ~t This procedure relates to the formation of the cbarao-
elec~e as reqU1red !s.preferably selected from maten- teristic part of the organic EL device of the present 
als haVJng a hol: mobility ~fat least I0-6cm2~.second 40 invention, and the materials therefor and the method of 
~der 104-t~ 10 V ~~ as JS done for con~entional ?e- the formation thereof are as already descnbed. 
vic~. ~pectfically, 1t 1S selected ~om. a triphenyl~e By the formation of this protection layer, there is 
d~va~ve, a polyarylalkan~ d~nvatlve, a P.Yrazo":ne obtained the organic BL device of the present inveo-
d~vattve, a pyrazolon: d~vatlve, .an. aryl~e ~env- tion. A shield. layer may be formed on the outer surface 
ative, a hy~~ne de~v";tive, a stilbene. denvative: a 45 of the protection layer for tile purpose of further suffi-
pbenyle~ediamme denvattve. p-type a·S1, P-type StC, cieotly achieving the prevention of infiltration of water 
p-type S1 ci,:staI, Cd.S, etc. . . . . . and oxygen into the light-emitting layer and mechani-

The material for the electron-mJecting layer which is cally protecting the device. 
to be formed between the light-emitting layer and the The shield layer is preferably formed from an electri-
first electrode as required can be selected from materials 50 celly insulating glass an electrically inmlating polymer 
used for the electron•injecting layer of conventional compound or an el~trically insulating airtight fluid. At 
organic EL devices such as a nitro,substituted fluoren· this stage, the lamioated structure is protected by the 
one derivative, an anthraquinonedimethane derivative, protection layer, and therefore, various methods can be 
a diphenylquinone derivative, a dioxazole derivative, a applied to the formation of the shield layer. The method 
tbiopyran dioxide derivative, a fluorenylidenemethane 55 of formation of the shield layer will be described herein-
derivative, an anthrone derivative, a dioxane derivative, after with respect to each material. 
n•type a.Si, n-type Sic, n-type Si crystal, etc. a. Electrically insulating glass 

The hole-injecting layer ~d the electron-injecting After the protection layer is formed on the outei: 
layer from the organic material can be formed in the surface of the laminated structure formed on the sub-
same manner as in the formation of the light-emitting (JO &trate such as a glass substrate, this electrically insulat· 
layer, and the hole.injecting layer and the electron- ing glas is covered over the protection layer, and the 
iajecting layer from the inorganic material can be marginal portion of the substrate and the marginal por-
formed by a vacuum vapor deposition method, a sput- tion of the electrically insulating glass,are bonded to-
tering method, etc. For the same reasons described gether with an adhesive, etc., whereby a shield layer is 
concerning the light-emitting layer, however, a vacuum 65 formed. 
vapor deposition method is preferred to form it That surface of this electrically imulating glass which 

3. Formation of second electrode (opposite electrode) is on the protection layer side is preferably a polished 
on light-emitting layer &urfaoe of a photomask grade. This glass is preferably 
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selected from those which have little alkali content, and Co., Ltd.), UV1001 (trade name of a polyester-based 
has a high volume resistance (atleast 107 nmat 350° C.). photosetting liquid resin,. supplied by Sony Chemical 
Specifically, there can be selected #7059 supplied by Co., Ltd.), etc., and visible light-curing resins such as 
Corning Co., Ltd. LCRCM)() (trade name, supplied by I.C.I. Japan), etc. 

The above electrically insulating glass may be pro- s The curing temperatures and curing times of these 
vided so that it is directly in contact with the protection liquid resins differ depending upon the.resins. For exam-
layer, or it may be provided. on the outer surface of the pie, when a thermosetting epoxy resin is used, it is cured 
prot.ection layer !hrough a moisture absorbent la_yer at 160" to 180' C. for 1 to 2 minutes. In any one of the 
formed of po~yvmyl alcohol, nylon . 66, or th~ like. thermosetting and photosetting liqnid resins, it is pre-
When 1:fte. mo1Sture absorbent layer I! formed m be- 10 ferred to add a step of degassing in vacuum after a 
tween, 1t is preferred to form _the m.oisturt: absorbe~t catalyst and a curing agent are added to the resins, 
layer on a surfa_ce of the electrically msulating glass m Vacuum potting method: In this method, a· shield 
advance. In this case, the glass may have a surface layer is formed by carrying out all the step~ of the 
rougher t~ a p~otom~ grade. above-descnbed casting method in vacuum. This 

b. El~trically ~ulating polymer comJ;?Ound . 15 method is more preferable than the casting method. 
. A _shi:Id la~er ts fo~ed !rom an electncally msulat- Dipping method: In this method, · a shield layer is 
mg ~quid resm or soli? resin,. for example, by the fol- formed by dipping the protection layer-coated device in 
lo~g method. By an Lmmersmg method.and a transfer the above liquid resin, pulling it up, and then curing a 
mold.in~ method am.on~ the ?elow-descnbed methods, coating of a liquid from the liquid resin on the protec-
the ~evtce as a whol~ (10clud10g the substrate w~en the 20 ti.on layer-coated device by hea.Mreating it or air-drying 
laminated structure IS formed on the substrate) is cov- "t 

crcd with a shield layer. Therefore, a material for the 
1 

·A . ty f therm 1 ti • th tf 
shield layer is selected to obtain practically sufficient van~ 0 • op as c r~, ~ose mg ~r 
light transmission property to EC light from the organic ~hotosettmg r_:5ms may be used if they satISfy the cond1-
EL device to be scaled. In other methods, a shield layer 25 ttons (i) and (n~. . 
can be formed· on the surface on the protectiqn layer . O_thers:. A shield layer ~ay be fo~ed by applymg a 
side alone when the laminated structure is formed on liqwd r_esm to the protecti~n lay~r s1de surface of the 
the substrate. Therefore, it is not necessary to consider pro~ct!on lay~-c~ated _device with a spa~a, etc., and 
the light transmission property of the shield layer as far cunng 1L The hqwd r~~ can ~e selected dtrectly from 
as the surface on the protection layer side is not used as 30 the. above-descn"bed liqwd resms, When the surface on 
a light-emitting surface. the protection layer side is not used as a light-emitting 

1. When liquid resin is used layer, even a resin that does not satisfy the condition ("ti) 
Casting method: In this method, a shield layer .is may be use~. . . . . . . . . 

formed by placing the organic EL device (to be some- 2. When liqwd res10 1S us_ed while 1t IS m ~ solid stat7: 
times referred to as .. protection layer-coated device" 35 HotRmelt m:thod: In this me~od, a shield layer 1s 
hereinafter) in a mold container, injecting a liquid resin, fanned_ by casting ~r vacu~-~tting a hea_ted and mo I-
to which a catalyst and a curing agent have been addcdi ten resm. The resm used ~ this. methC>? 1s p~erably 
into the mold container to cover the protection layer sele~~ f~m the~oplast1c resms w~ch ~tisfy ~he 
side surface of the protection layer.coated device with condition (1) and which also has the melting pomt which 
this liquid resin, curing it, removing the mold, and then 40 ~ low~r- than -the softening point ?f the electric~y 
completely curing it in an oven. ·More preferably. ·the msulating polymer. compound formm~, the -p3;0te~o~ 
curing is carried out in a temperature-controlled oven. laye~ (to be some~es referred to as cond1t1on (tv) 

In this case, the liquid resin maybe any one of ther- heretnafter). 
mosetting and pbotosetting resins if they are electrically ~pecific ex~~les .~f _the thermoplastic ~ which 
insulating (to be sometimes referred to as "condition (i)" 45 satisfy the condition (1) mclude halogenated vmyl poly-
hereinaftcr). When the surface on the protection layer mers or halogenated vinyl copolymers such as polyvi-
sidC is used as a light-emitting layer, ·there is selected a nyl .chlorid~ polyvinyl bromide, polyvinyl fluoride, a 
resin which gives a resin layer having practically suffi- vinyl chlonde-vinyl acetate copolymer, a vinyl chlo-
cicnt light transmission property to EL light from the ride-ethylene copolymer, a vinyl chloride-propylene 
organic EL device to be sealed (to be sometimes re- so copolymer, a vinyl chloride-vinylidene chloride co-
ferred to as "condition (ii)" hereinafter). Concerning polymer, a vinyl chloride-butadiene copolymer, a vinyl 
the thermosetting resin, it is preferred to use one of chloride-acrylic acid ester copolymer, a vinyl chloride-
which the curing temperature is lower than the soften- acrylonitrile copolymer, a vinyl cbloride-styrene-
ing point of the electrically insulating polymer com- acrylonitrile terpolymer, a vinyl chlori.deRvinylidene 
pound forming the protection layer (to be sometimes 55 chloride-vinyl acetate copolymer, polyvinylidene chlo-
,cfemd to as "condition {iii)" hereinafter). . ride, polytetraflnorcethylene, polyvinylidene fluoride,. 

The thermosetting liquid resin that satisfies the condi- polychlorotrifluoroethylene, a fluorine-containing pol-
tions (i) and (ti) preferably includes an epoxy resin, a ymcr compound disclosed in 1P,A 63Rl8964, a fluorine-
silicone resin, an epoxysilicone resin. a phenolic resin, a containing polymer compound disclosed in JP,A 
diallylphthalate resin, an alkyd resin, etc. For pmctica.l 60 63-22206, a fluorine-containing polymer compound 
use, a liquid resin is selected depending upon whether or disclosed in JP,A 63-2381 IS, etc.j 
not it satisfies the condition (lit). polymers of unsaturated alcohols or unsaturated 

The pbotosetting liquid resin that satisfies the condi- ethers, or copolymers of unsaturated alcohols and 
ti.ans (i) and (Ii) includes ultraviolet light-curing resins unsaturated ethers such as polyvinyl alcohol, poly-
such as BY-300B (trade name of an ene.thiol type 65 ally! alcchol, pclyvinyl ethel. polyallyl ether, etc.: 
photosetting liquid resin, supplied by Asahi Deoka Co., polymers or copolymers obtained from unsaturated 
Ltd.), BU-230U (trade name of acrylic photosetting carbox.ylic 3cids such as acrylic acid, mothacrylic 
liquid resin, supplied. by Toagosei Chemical Industries acid, etc.; 

•••. ,;\:.,,_ ,!~ 

••• ,! .' ,:"·;· .... 
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polymers or copolymers of those having an unsatu- examples concerning the hot-melt method and satisfy 

rated bond in the alcohol moiety, i.e., polyvinyl the foregoing condition (tl). 
esters such as polyvinyl acetate and polyacrylic Others: A shield }ayer may be formed by applying a 
esters such as polypbthalic acid; resin solution to the protection layer side surface of the 

polymers or copolymers of those having unsaturated 5 protection layer-coated device and dissipating the sol-
bond(s) in the acid moiety or in the acid moiety and vent in the resin solution by heat treatment or air-dry-
the alcohol moiety such as polyacrylic acid ester, ing. In this case, there may be used a resin which at least 
polymethacrylic acid ester, a maleic acid ester satisfies the condition (i) and which is soluble in any one 
polymer, a fumaric acid ester polymer, etc.; of a halogen-containing solvent, an aromatic hydrocar-

an acrylonitrile polymer, a methacrylonitrile poly- 10 hon solvent and a fluorine-containing solvent. An 
mer, a copolymer obtamed from acrylonitrilc and acrylic resin, polystyrene, etc., arc selected as a pre· 
methacrylonitrile, po]yvinylidene cyanide, a ma- [erred resin. Further, an organic solvent dissipation 
lononitrile polymer, a fumarononitrile polymer, a type adhesive is one of prefeaed resins. Specifically, 
copolymer obtained from malononitrlle and there are 1001B (trade name of an e1astomer-type, or-
fumaronooitrile; 15 ganic solvent dissipation type adhesive, Sllpplied by 

polymers of aromatic vinyl compounds such as poly- Nippon Zeon Co., Ltd.), SG4693 (trade name of an 
styrene, poly~a:~methylstyrene, poly-~methylsty- organic solvent dissipation type adhesive, supplied by 
rene, a styrene-p-methylstyrene copolymer, poly- 3M Co., Ltd.), etc. 
vinylbemene, polyhalogenated styrene, etc.; 3. Film sealing 

polymers or copolymers of hetcrocyclic compounds 20 In this method, a shield layer is formed by covering 
such as polyvinylpyricline, poly-N-vinylpyrroli- the protection layer-coated device with a polymer film. 
dine, poly-N-vinylpyrrolidone, etc.; In this case, the protection layer-coated device as a 

polyester condensates .such as polycarbonate, etc., whole (including the substrate when the laminated 
and polyamide condensates SUCh !!S nylon 6, nylon structnre is formed on the substrate) may be covered 
66, etc.; 2S with a polymer film, or in the protection layer-coated 

a polymer obtained from at least one substance se- device in which the laminated structure is formed on 
lected from the group consisting of maleic anhy- the substrate, the protection layer side surface alone 
dride, fumaric anhydride, an imidation compound may be covered with a polymer film. 
of maleic anhydride and imidation compound of When the protection layer-coated device as a whole 
fumaric anhydride, or a copolymer obtained from 30 is covered with a polymer film, the protection layer-
at least two substances selected from the above coated device is covered with polymer films from 
group; above and below, and the upper-positioned and lower· 

heat-resistant polymer compounds such as polyam- positioned polymer films are themwly fused and 
ide, polyetherimide, polyimide, polyphenylcne bonded to each other along the marginal portion of the 
oxide, polyphenylene sulfide, polysulfonc, polyeth- 35 protection layer-coated device. When the protection 
ersulfone, polyarylate, etc.; layer side surface alone is covered with a polymer film, 

polyethylene, polypropylene, polyethylene tere- the marginal portion of the polymer film and the sub-
phthalate, polymethyl methacrylate, and a thermo- strate are bonded to each other with an adhesive, or 
tropic liquid crystal polymer disclosed in JP ,A when the laminated structure is formed on a polymer 
2-253952. 40 substrate, the marginal portion of the polymer film and 

A resin for practical use is properly selected depend· the substrate are thennally fused and bonded to each 
ing upon whether it satisfies the condition (iv). other. 

Fluidization dipping method: There is used a con- Concerning the material of the polymer film, pre-
tainer having a microporc bottom plate, a porons bot- ferred is a polymer film which satisfies the conditions (i) 
tom plate and an air (compressed air) reservoir posi- 45 and (ii"). Specific examples thereof include polyethylene, 
tioned below the porous bottom plate. A solid resin polypropylene, polyethylene terephthalate, polymethyl 
(powdered resin) pulverized to a size of 200 to 300 mesh methacrylate, polystyrene, polyether sulfone, polyary-
is placed on the micropore bottom plate, and com- late, polycarbonate, polyurethane, an acrylic Ierul, 
pressed air is fiowed from below through the porous polyacrylonitrile, polyvinyl acetal, polyamide, poly-
bottom plate, whereby the powdered resin can be han- SO imide, a diacrylphthalate resiD, a cellulose-containing 
died like a fluid. plastic, polyvinyl acetate, polyvinyl chloride, polyvi-

In tms method, therefore, a shield layer is formed by nylidene chloride, and copolymers obtained from two 
tilting the container while the compressed air is flowed or at least three of these. Particularly preferred as a 
through the powdered resin, and placing the protection polymer film are films obtained by subjecting to a 
layer-coated device heated to a temperature higher than SS stretching method, etc., polymer compounds h!lving 
the softening point of the powdered resin thereby to low water vapor permeability such as polyvinyl fluo· 
fuse the powdered resin and attach it to the heated ride, polychlorotrifluoroethylene, polytetrafluoroethyl-
protection layer-coated device. ene, a fluorine-containing polymer compound disclosed 

The resin for use in this method is preferably selected in JP,A 6S-18964, a fluorine-containing polymer com· 
from the thermoplastic resins described as examples 60 pound disclosed in JP ,A 63-22206, a fluorine-containing 
concerning the hot-melt method. polymer compound disclosed in JP,A 63-238115, and 

Ttansfer molding method: In this method, a shield the like. In addition, the polymer film used for covering 
layer is formed by placing the protection layer.coated the surface of the protection layer-coated device other 
device in a mold (having an aperture), introducing a than the light-emitting surface may be a film which does 
resin melted in a pot into the cavity of the mold through 65 not satisfy the condition (ii). 
the aperture and curing the resin. The polymer film used here may be a single.layered 

The resin for we in this method is preferably selected film, while it is more preferred to use a polymer film 
from those thermoplastic resins which are deooribed as having a. structure of a plurality of layecs in which a 

' ·~· • ..,..J,, 
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moistureabsorbentlayerofnylon66,polyvinylalcohol, there can be obtained an organic EL device having a 
or the like is formed. The polymer film having a strac- longer life than an organic EL device provided with the 
ture of a plurality of layers in which the moisture absor- protection layer alone. 
bent layer is formed is used so that the moisture absor- As described above, the organic EL device of the 
bent layer is in covtact at least with the prowction layer. 5 present invention is an organic EL device which can be 

c. Electrically ~sulating airtight fluid structurally produced as a device having a long life. 
A shield layer is fdrmed by sealing both the organic Examples of the present invention will be described 

EL device provided'with the protection laYh (protec- hereinafter. In the following Examples, organic EL 
tion layer-<:0ated device) and a gas or a liquid satisfying devices of the present invention which were provided 
the condition (i) in a container such as glass container, a 10 with a protection layer alone are consecutively referred 
ceramic container, a plastic container, or the like which to as an organic EL device At, an organic EL device 
satisfies the above condition (i). When the container A2, ... an organic EL device An, and organic EL de-
wail and the airtight fluid are positioned outside the ' vices which were provided with a shield layer outside 
light-emitting surface of the protection layer-coated the protection layer as well are consecutively referred 
device, these are required to satisfy the above condi- 15 toasanorganicELdeviceB1,anorganicELdeviceB2, 
tions (ii) as well. • •. an organic EL device Bn, 

In the protection layer-coated device in which the 
laminated structure is formed on the substrate, the sub EXAMPLE! 

strate may be used as part of the above container. The A glass plate having a size of 28X7SX1.l mm on 
container is formed by bonding necessary members 20 which an ITO electrode having a film thickness of 100 
with a low-melting-point glass, solder, an airtight-seal- nm was formed (supplied by HOYA Corp.) was used as 
ing epoxy resin, or the like. a transparent substrate. This transparent substrate was 

The gas scaled in the .container preferably includes subjected to ultrasonic cleaning with isopropyl alcohol 
inert gases such as a He gas, an· Ar gas, a Ne ga.s, etc. for 30 minutes, and then cleaned with pure water for 30 
The liquid includes a silicone oil, etc. When the sub- 25 minutes. Further, it was subjected to ultrasonic cleaning 
strate is used as part of the container in which the liquid with isopropyl alcohol for 30 minutes. 
is scaled in, a moisture absorbent such as silica gel, The cleaned transparent substrate was fixed on a 
activated carbon, or the like may be included on the substrate holder in a commercially available vacuum 
premise that the protection layer side of the protection vapor deposition apparatus (supplied by Ntbon Shink.u 
]ayer-coated device will not be used as a light-emitting 30 Gijutsu K. K. (UL V AC)]. And, 200 mg of N,N' -diphe-
surfacc. nyl-N,N' -bis-(3-methylphenyl) ·(I, l '-bispbenyl)-4,4' • 

When the shield layer is provided outside the protec- diamine (to be referred to as "TPDA" hereinafter) as a 
tion layer as described above, the infiltration of water, material for a hole-injecting layer was placed in a mo-
oxygen, etc., into the light-emitting layer is further Iybdenum resistance heating boat, and 200 mg oftris(8-
:inhibited by these two layers. Therefore, there can be 35 quinolinol)aluminum. (to be referred to as "Alq." herein-
obtained an organic EL device having a longer life than after) as a material for a light-emitting layer was placed 
an organic EL device provided with the protection in other molybdenum resistance heat boat. The pressure 
layer alone. in the vacuum chamber was reduced to 1 X I0-4 Pa. 

As explained above, the organic EL device of the Then, the molybdenum resistance heating boat in 
present invention has the protection layer on the outer 40 which TPDA was placed was heated up to 215° to 220" 
surface of the laminated structure. Even when this pro- C. to deposit 1PDA on the ITO film constituting the 
tection layer is formed by a formation method different transparent substrate at a deposition rate of O. l to 0.3 
from that for the light~tting layer or by means of a nm, whereby a hole-injecting layer having a layer thick-
film-forming apparatus different from that for the light- ness of 60 nm was formed. At this time, the substrate 
emitting layer, it can be produced for a short produc- 45 temperature was at room temperature. Then, while the 
tion time for which the light-emitting layer is exposed transparent substrate on which the bole-injecting layer 
to the atmosphere. Therefore, it can be formed while was formed was fixed on the substrate holder, the mo-
fully preventing the infiltration of water, oxygen, etc., Iybdenum resistance heating boat in which Alq. was 
into the light-emitting layer a.t the production step. placed was heated up to 265° to 273° C. to deposit Alq. 
After the protection layer is formed, the infiltration of 50 on the hole-injecting layer at a deposition rate of 0.1 to 
water, oxygen, etc., into the light-emitting layer can be 0.2 nm, whereby a light-emitting layer having a layer 
fully prevented by this protection_ layer. thickness of 60 nm was formed. At this time, the sub-

Therefore, the organic EL device of the present in- strate temperature was also at room temperature. 
vention has a longer life than any conventional organic Then, 1 g of magnesium as a material for an electrode 
EL device. 55 was placed in the molybdenum resistance heating boat, 

Further, a vacuum vapor deposition method is ap- 500 mg of indium. was placed in the other molybdenum 
plied to the method or forming the laminated structure resistance heating boat, and the pressure inside the vac-
on the substrate and the method of forming the protec- uum chamber was red.need to 2X 10-4 Pa. Then, the 
tion layer, whereby the formation of the laminated molybdenum resistance heating boat in which magne-
structure and the formation of the protection layer can 60 sium was placed was heated up to about 500° C., and the 
be carried out as a series in one vapor deposition appara- molybdenum. resistance heating boat in which indium 
tus. In this case, the interface between one layer and a was placed was heated up to about 800° C. to concur• 
neighboring layer does not contact watet', oxygen, etc., rently deposit magnesium on the light~em.itting layer at 
and therefore, there can be obtained an organic EL adepositionrateofl.7to2.8nmandindinmatadeposi-
device having a much longer life. 65 tion rate of0.03 to O.& nm, whereby there was formed a 

When the shield layer is formed outside the protec• 150 nm thick electrode (opposite electrode) of a mixed 
tion layer, the infiltration of watet', oxygen, etc., into the metal of magnesium and indium. At this time, the sub-
light-emitting layer can be further iDhibited. Therefore, strate temperature was also at room temperature. 
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Thereafter, a protection layer was formed on the 

outer swface of the laminated structure formed, on the 
glass plate, of the ITO electrode, the hole-injecting 
layer, the light..emitting layer and the opposite elec
trode, by means of the same vacuum deposition appara- 5 
tus as that used for the formation of the laminated struc
ture in the following manner. 

At first, as shown in FIG. 1, an alumina crucible 4 

tion layer and that the temperature for heating this 
deposition source was set at 4SS" C. At this time, the 
substrate temperature was at room temperature. The 
formation of the protection layer on the outer surface of 
the laminated strocture gave an organic BL device A3 
of the present invention. 

EXAMPLE4 

cont.aining 1.5 g of a commercially available chlorotri- The same transparent substrate as that used in Exam
fluoroethylene homopolymer (trade name: Kel-F, sup- 10 ple 1 was subjected to ultrasonic cleaning with isopro-
plied by 3M Co., Ltd., molecular weight 100,000, to be pyl alcohol for 5 minutes, cleaned with pure water for 5 
referred to as .. PCTFE" hereinafter) as a deposition minutes and then subjected to ultrasonic cleaning with 
source for a protection layer was placed in a tungsten isopropyl alcohol for 5 minutes. 
basket resistance heater S positioned in a vacuum cbam- Then, a hole-injecting layer, a light-emitting layer 
ber 2 constituting a vacuum vapor deposition apparatus 1S and an opposite electrode were formed on the cleaned 
1, and a·12 µ.Dl.~ stain1ess mesh 5 was covered on the transparent substrate in the same manner as in Example 
alumina cruciblC 4. Further, the transparent substrate 6 1 to give a laminated structure having an ITO electrode, 
on which the laminated structure was formed was ar- the hole-injecting layer, the light-emitting layer and the 
ranged above the tungsten basket resistance heater 3 opposite electrode. 
through a shutter 7. 20 Thereafter, a fluorine-containing polymer layer 

Then, the pressure in the vacuum chamber 2 was [Cytop thiD. film (protection layer)] having a layer 
reduced to 1 X JQ-4 Pa, and electricity was applied to thickness of 0.8 p.m (800 Illll) was formed on the outer 
the tungsten basket resistapce heater 3 to heat the depo· surface of the laminated structure formed on the glass 
sttion source (PCTFB) to 478" C. anq form a fluorine- plate in the same manner as in Example J except that 1.5 
containing polymer layer [PCTFE thin film (protection 25 g of an amorphous radical copolymer powder (trade 
layer)] having a thickness of 1.2 µ.m on the outer surface name: Cytop, supplied by Asahi Glass Co., Ltd., intrin-
of the laminated structure at a deposition rate of 0.5 sic viscosity 0.425) of 65.8 mol. % of tetrafluoroethyJ. 
nm/s. The substrate temperature at this time was again ene and 34.2 mot. % of perfluoroallylvinyl ether 
at room temperature. The formation of the protection (CF2=CF-O-CF2-CF=CFi) was used as a deposi-
layer on the outer surface of the laminated structure 30 tion sow-ce for a protection layer and that the tempera-
gave an organic EL device At of the present invention. ture for heating this deposition source was set at 460° C. 

In addition, the layer thickn~ and deposition rate of At this time, the substrate temperature was at room 
each of the layers other than the ITO electrode were temperature. The formation of the protection layer on 
controlled by monitoring the thiclne$ of each deposi- the outer surface of the laminated structure gave an 
ti.on layer with a quartz oscillator type film thickness 35 organic EL device A4 of the present invention. 
mouitor 8 (supplied by N'thon Shinku Oijutsu K. K. 
(UL V AC)) arranged in the vacuom chamber 2 Each of EXAMPLES 

the so.abtained layers was mCl.$11rc:d for a thickness An ITO @m having a thickness of 100 nm was 
with a probe type film thickness measuring device, and formed on a glass plate having a size of25 X 75X 1.1 mm 
it was confirmed that the SO.Qbtained values were in 40 (white sheet glass, supplied by HOYA Corp.) as a silb-
agrecment with reading by the quartz oscillator type strate, and used as a transparent electrode (the substrate 
film thickness monitor 8. The quartz oscillator type film on which the ITO film was formed is referred to as 
thickness monitor 8 was provided with a support tool g "transparent substrate" hereinafter). This transpareiit 
including a tube for coolant water for cooling the substrate was subjected to ultrasonic cleaning with iso-
quartz oscillator type film thickness monitor 8, and this 45 propyl alcohol for 30 minutes, cleaned with pure water 
support tool 9 was supported by a support wall 10 posi- for 5 minutes and then rinsed with isopropyl alcohol, 
tioned outside the vacuum chamber 2. and it was dried by blowing an N2 gas against it. Then, 

the transparent substrate was cleaned with a UV ozone 
. cleaning apparatus (supplied by Sam.co International) EXAMPLE2 

Example 1 was repeated except that the thickness of 50 for 10 minutes. 
the PCIFE thin film was changed to 400 nm (0.4 I'm) A hole-injecting layer having a thickness of 60 nm 
to give an organic EL device A2 of the present inven- was formed from TPDAon the ITOfilmofthecleaned 
tion. transparent substrate in the same manner as in Example 

BXAM!'LE 3 
1. Further, a light-emitting layer having a thickness of 

55 60 nm was formed from Alq. on the hole-injecting layer· 
A laminated structme having an ITO electrode, a in the same manner as in Example 1. During the forma-

hole-injecting layer, a light-emitting layer and an oppo- tion of these, the substrate temperatore was at room 
site electrode was formed on a g1as.s plate exactly in the temperature. 
same manner as in Example 1. After the light-emitting layer was formed, a molybde-

Then, a fluorine-containing polymer layer [l'eflon 60 num resistance heating boat in which 1 g of magnesium 
AF thin film (protection layer)] having a layer thickness bad been placed prior to the formation of the hole-
of 0.8 p.m (800 nm) was formed on the outer surface of injecting layer and a molybdenum. resistance beating 
the laminated strocture formed on the glass plate in the boat in which 500 mg of silver had been similarly placed 
same manner as in Example l except that l.5 g of an , were respectively heated without destroying the vac
amorphoos copolymerpowder (trade name: Teflon AF, 65 uum environment. And, the magnesium was deposited 
supplied by E. I. du Pont de Nemoure & Co.) obtained at a deposition rate of about 1.5 n.m/s, and at the same 
from tetrafluoroethylene and perfluoro-2,2-dim.ethyl- time, the silver was deposited at a deposition rate of 
1,3-dioxole was used as a deposition source for a pro tee- about 0.1 nm/s to form a 150 nm thick electrode (oppo-
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site electrode) of a mixed metal of magnesium and sil- uum vapor deposition apparatus used for the formation 
ver. The formation of the ITO film (e]ectrode), the ofthelaminatedstructurewasoncedestroyed,aproteo-
hole-injecting layer, the light-emitting layer and the tion layer was formed on the outer surface of the Jami-
opposite electrode on the substrate gave an organic EL nated structure with the same vacuum vapor disposition 
device. In this organic EL device, the laminated struc- s apparatus as that used for the formation of the laminated 
ture was formed of the ITO film (electrode), the hole- structure. 
injecting layer, the light-emitting layer and the opposite At first, an alumina crucible containing 1 g of high-
electrode. density polyethylene (trade name 440M, supplied by 

Thereafter, a fluorine-containing polymer layer [Tef- Idemitsu Petrochemical Co., Ltd.) as a deposition 
Ion AP thin film (protection layer)] having a layer 10 source was placed in-a tungsten basket, and a 12 µm(ZS 
thickness of 0.8 µ.m (800 nm) was formed on the outer stainless steel mesh was covered on this alumina cruci-
swface of the laminated structure in the same manner as ble. Then, the above-obtained organic EL device was 
in Example 3. However, Teflon AF as a deposition set on a sample holder, and the pressure in the vacuum 
source for the protection layer had been placed in an chamber was reduced to 1 X lQ-4 Pa. Thereafter, the 
alumina crucible prior to the formation of the hole- 1S deposition source was heated to 400~ C. by applying 
injecting layer, and the crucible had been placed in a electricity to the tungsten basket to form a 0.3 µm (300 
tungsten bask.et prior to the formation of the hole-inject- nmY thick high-density polyethylene thin film (protec-
ing layer. And, the protection layer was formed without tion layer) on the outer surface of the laminated struc-
dcstroying the vacuum environment in the vacuum ture at a deposition :rate of 0.5 nm/s. The formation of 
vapor deposition apparatus after the formation of the 20 the protection layer on the outer surface of the lami-
opposite electrode, in other words, in a vacuum envi- nated structure gave an organic EL device A6 of the 
ronment as a series starting the formation of the hole- present invention. 
injecting layer. The subst.rate temperature at a protec- Thereafter, the organic EL device A6 was taken out 
tion layer formation time was at I"OOm ~e.m.perature. The of the vacuum chamber, and an epoxy-based adhesive 
formationoftheprotec:tionlayerontheoutersurfaceof 25 (Cem.edine Super 5, supplied by Cemedine Co., Ltd.) 
the laminated structure gave an organic EL device As was applied to the protection layer such that the adhe-
of the present invention. sive thickness was 2 mm thick. The organic EL device 

EXAMPLE6 A6 was allowed to stand in the atmosphere for 5 hours 
to cure the epoxy-based adhesive, whereby a shield 

At first, an organic EL device As was obtained in the 30 layer was formed. The formation of this shield layer 
same manner as in Example 5. gave an organic EL device B2 of the present invention. 

Then, this orgaDic EL device As was taken out of the In addition, the epoxy-based adhesive was applied with 
vacuum chamber, and a shield layer was formed outside it on a spatula after its main component and curing 
the protection layer in the following manner. agent were stirred with the spatula 20 times. 

An electrically insulating glass substrate (the gb,ss 35 
had a size of 25X7SX 1.1 mm) having a 350 nm thick EXAMPLES 

polyvinyl alcohol (to be referred to as «py A" hereinaf- As shown in FIG. 2, a glas.s plate 11 (white sheet glass 
ter) layer as a moisture absorbent layer on one main supplied by HOYA Corp.) having a sizeof25X75X 1.1 
surface was prepared.. This glass substrate had been mm on which 10 mmX7S mmx 100 nm ITO films 12a 
obtained by dropping 1 ml of a solution prepared by 40 and Ub were Formed was used as a transparent sub-
miring 3% by weight of.:-a PV A powder, 0.05% by strate 13, and an organic EL device A1 was obtained in 
weight of hydrochloric aCid and 96.5% by weight of the following manner. 
water on a slide gl~, spin-coating it with a spin-coating A mask was covered on the ITO Film 12a, and then 
apparatus (supplied by Mikasa K. K.) at 500 rpm for 30 a hole-injecting layer and a light--emitting layer were 
seconds, air-drying it for 8 houn:, and drying it in a 45 formed in the same manner as in Example 5. Thereafter, 
vacuum dryer (supplied by Yamato Kagaku Co., Ltd.) the mask covering the ITO film Ua was removed by 
at 6(1° C. for 10 hours. means of the automatic mask exchange mechanism fixed 

Then, an epoxy·based adhesive (Cem.edine Hisuper 5, to a vapor deposition apparatus. Then a mask was cov-
supplied by Cemedine Co., Ltd.) was applied to the ered on the marginal portion, 5 mm wide, of the ITO 
marginal portion of the PV A layer side of the above so film 12a along the longitudinal direction with the above 
glass substrate so that the applied portion was about 0.5 mechanism. Thereafter, an opposite electrode and a 
mm wide, and thereafter, this glass substrat.e and the protection layer were formed in the same manner as in 
organic BL device A were attached to each other. This Example S to give an organic EL device A7. 
attaching was carried out such that the PV A layer and As shown in FIG. 3, in the so-obtained organic EL 
the protection layer were in contact with each other. SS device A714, a hole-injecting layer 15 was formed from 
The epoxy.based adhesive was used after its main com- that surface ponion of the glass plate 11 wbfoh was 
ponent and its curing agent were stirred with a spatula positioned between ·the two ITO films 12a and 12b to 
20 times: the main surface of the ITO film 12b, and a light--emit-

Thereafter, the epoxy-based adhemve was: cured in ting layer 16 was formed on this hole.injecting layer 15. 
atmosph~ for 10 hours, whereby the shield layer of an 60 And, the opposite electrode 17 was formed on the light-
electrically insulating glass was fonned outside the pro- emitting layer 18 and on that half of the main surface of 
tection layer. The formation oftms shield layer gave an the ITO film 12a which was to the center, and a protec-
organic EL device B1 of the present invention. tion layer 18 was formed on the main surface of the 

EXAMPLE7 opposite electrode 17. In this organic EL device A714, 
65 a laminated structure 19 was formed of the ITO elec~ 

An organic EL device (provided with no protection trode Uh, the bole.injecting layer 15, the light-emitting 
layer) was prepared in the same manner as in Example layer 16 and the opposite electrode 17. Thus, all the 
5, and then, after the vacuum environment of the vac- layers from the hole-injecting layer to the protection 

. ~- ·. ' . 
. . , .. ;;lf,·J -~i;":· 

,~:.;;."'.>...,~\~;i! -~·· .... , .. 
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layer were produced in a vacuum environment as a 
series. 

Thereafter, the organic EL device A714 was taken 
out of the Vacuum chamber, and a protection layer 18 

was also in contact with the ITO Film 12a Formed on 
the surface of the glass plate 11. 

EXAMPLE9 
was formed outside the protection layer 18 in the fol- 5 A laminated structure having an ITO electrode, a 
lowing manner. hole-injecting layer, a light-emitting layer and an oppo-

At first. those portions of the hole-injecting layer 15, site electrode was formed on a glass plate in the same 
the light-emitting layer 16, the opposite electrode 17 manner as in Example 5. 
and the protection layer 18 which were spreading 5 mm Then, a fluorine-containing polymer layer [PCTFE 
wide in the marginal portion of the ITO film 12b along 10 thin film (protection layer)1 having a layer thlckness of 
its longitudinal clirection were cut off. Those portions of 1.2 µ.m (1,200 nm) was formed on the outer surface of 
the hole-injecting layer 15, the light-emitting layer 16, the laminated structure formed on the glass plate in the 
the opposite electrode 17 and the protection layer 18 same manner as in Example 5 except that 1.8 g of pellets 
which were spreading S mm wide along tile width di- of polychlorotrifluoroethylene (PCfFE) (trade name: 
rection of the glass plate 11 were also cut off such that 15 Kel-F, supplied by 3M Co., Ltd.) was used as a deposi-

. the remaining thickness was substantially a sum of the ti.on source and that the temperature for heating the 
thickness of the glass plate 11 and the ITO film thick- deposition source was set at 478° C. At this time, the 
ness. substrate temperature was at room temperature. The 

Theo. there was prepared a glass plate (outer diam.e- formation of the protection layer on the outer surface of 
ter: 20X75XS mm, to be referred·to as "shield glass" 20 the laminated structure gave an organic EL device As 
herein after) having a 18X75X2 mm concave portion of the present invention. 
and a through hole (to be referred to as 1'inlet'' hereinar- Thereaft~. a shield layer was formed outside the 
ter) having a diameter of~ mm, provided in the bottom protection layer in the same manner as in Example 6 to 
of the concave portion. This sliield g:Iass and the or- give an organic EL device B4ofthe present invention. 
ganic EL device A114 were bonded to each other with 25 EXAMPLE 

10 an epoxy-based adhesive (trade oame: Cemedine Hisu-
per 5, supplied by Cemedine Co., Ltd.). The epoxy. A laminated structure having an ITO electrode, a 
based adhesive was applied to the marginal portion of hole-injecting layer, a light-emitting layer and an oppo-
the above organic EL deviceA714so thata20X75 mm site electrode was formed on a glass plate in the same 
rectangular form having a line width of 1 mm was 30 manner as in Example 5. 
formed, after its main component and curing agent were Then, a fluorine.containing polymer layer [Cytop 
mixed and stirred with a spatula 20 times. Further, the thin film (protection layer)] having a layer thickness of 
bonclint of the shield glass and the organic EL device 0.8 µ.m (800 nm) was formed on the outer surface of the 
A114 was carried out such that the opposite eleCtrode laminated structure formed on the glass plate in the 
17 and the protection· layer 18 went intci the concave 35 same manner as in Example 5 except that 1.5 g of a pl'e$ 
portion of the shield glass. After the bonding, the device plate of an amorphous radical polymer powder (ti:ade 
was allowed to stand in the atmosphere for 10 hours to name: Cytop, supplied. by Asahi Glass Co., Ltd., intrin-
cure the epoxy-based adhesive. sic viscosity 0.42S) obtained from 6S.8 mol % of tetra-

Then, a silicone oil (trade name: TSK451, supplied by fluoroethylene and 34.2. mol % of perfluoroallylvinyl 
Tosh.Iba Corp., to be rererred to as "insulating oil" here,. 40 ether (CF2=CF-O-CFz--CF=CF:i) was used as a 
inafter) in which 8% by volume of silica gel (particle deposition source for a protection layer and that the 
diameter SO p.m) for moisture absorption was dispersed temperature for heating this deposition source was set at 
was injected through the inlet provided in the shield 460" C., At this time, the substrate temperature was at 
glass so that the space formed with the concave portion room temperature. The formation of the. protection 
oftbe shield glass and the organic EL device A114 was 45 layer on the outer surface of the laminated structure 
filled with the insulating oil. This insulating oil corre- gave. an organic EL device Ar; of the present invention. 
sponds to a shield layer. A shield layer was formed outside the protection 

Thereafter, the inlet .was sealed with a glass cover to layer in the same manner as in Example 6 to give an 
give an organic EL device Bl in which the shield layer organic EL device Bs of the present invention. 
was formed outside the protection layer. The glass 50 · COMPARATIVE EXAMPLE 1 
cover was bonded to tile shield glass with the above 
epoxy-based adhesive. Example 1 was repeated except that the fluorine-con-

FIG. ·4 schelll2tically shows the end face of the Fi- taming polymer layer [PCTFE thin film] was not 
nally obtained organic EL device B3. As shown in FIG. formed, to give an organic BL device. 
4, the organic EL device B3 20 had a laminated. struc- ss 
ture 19 formed of the ITO film 12b formed on the sur- COMPARATIVE EXAMPLE 2 

face of the glass plate 11, the bole-injecting layer 15, the Example 3 was repeated except that the fluorine-<:on-
ligbt-emitting layer 16 and the opposite electrode 17; taining polymer layer rreoon AF thin film] was not 
and the protection layer 18 formed of a Teflon AF thin formed, to give an organic EL device. 
film was provided on the outer surface of the laminated 60 
structure 19. The shield layer 21 formed of the insulat- COMPARATIVE EXAMPLE 3 

ing oil was provided outside the protection layer 18, Example 4 was repeated except that the .fluorine-con-
. and the shield glass .23 which was bonded in place with taining polymer layer [Cytop thin film] was not formed, 

the epoxy-based adhesive 22 to form tile shield layer 21 to give an organic EL device. 
was posi6.oned outside the shield layer 21. Further, the 65 
inlet 24 provided in the shield glass 23 was sealed with 
a glass cover 26 which was bonded in place with the 
epoxy-based adhesive 25. The opposite e1ectrode 17 

COMPARATIVE EXAMPLE 4 

An organic EL device (having no protection layer) 
was obtained in the same manner as in Example S, and 
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neither a protection layer nor a shield layer was formed 
on this organic EL device. 

COMPARATIVE EXAMPLE 5 

The organic EL devices finally obtained in Ex.ample 
I, Example 4, Example 3, Example 6, Example 7, Exam
ple 8, Example 9, Example 10 and Comparative Exam
ple S were allowed to stand in atmosphere for 7 days, 

An organic EL device (having no protection layer) 5 and then a direct current was provided to each sample 
was obtained in the same manner as in Example 5, and such that the initial brightness was 100 cd/m2. Thereaf-
a cured layer of an epoxy-based adhesive was formed ter, each sample was measured for a brightness at a 
directly on the opposite electrode of this organic EL constant current (direct current value at which the 
device in the same manner as in Example 7. initial brightness was 100 cdfm2) in the atmosphere at 

The organic EL devices obtained in the above Exam- 10 predetermined time intervals, and a time required for 
pies 1 to 10 and Comparative Examples 1 to 5 were the brightness to be reduced to l of the initial brightness 
tested on their lives in the follownlg manner. was measured. Further, while a current was continu-

Life Test l ously applied after the brightness was reduced to i, a 
The organic EL devices obtained fmally in Example time required for the brightness to be reduced to 0 

1, Example 2, Example 3, Example 4, Comparative 15 cd/m2 was measured, and this time was taken as a de-
Example 1, Comparative Example 2 and Comparative st:ruction time of the device. 
Example 3 were allowed to stand in the atmosphere for In addition, the brightness was measured by continu-
2 days, and then, while a. direct current at a constant ously providing a current from a direct current source 
value (1.0 mA) was being applied to each sample, the to the organic EL device in which the ITO film on 
brightness and charged voltage were measured in the 20 which the electron-injecting layer was formed was an 
atmosphere at predetermined time intervals. anode and the opposite electrode formed on the ITO 

Of these measurement results, the results of measure- film through the hole-injecting layer and the light-emit-
ment of the organic EL devices obtained in Example 1, ting ~yer was a cathod:, photoel~tri°=111Y transfe~g 
Example 2 and Comparative Example ·l for a brightness BL light frol;O the org~c EL device with ~ photod1ode 
are shown in FIG. s. the results of measurement of the 25 and calculating the bnghtness on the basis of the so-
organic EL devices obtained in Example 1, Example 2 obtained output voltage. 
and Comparative Example I for a charged voltage1 in Table 1 shows the measurement results. 
FIG. 6, the results of measurement of the organic EL TABLE 1 
devices obtained in Example 3 and Comparative Exam- 30 Time required 
ple 2 for a brightness, in FIG. 7, the results of measure- for brighu:ies.s 
ment of the organic EL devices obtained in Example 3 to be reduced 
and Comparative Example 2 for a charged voltage, in to i ofinitial 
FIG. 8, the results of measurement of the organic EL Orgmk: EL device brightness• 
devices ob tamed in Example 4 and Comparative Exam- 35 Orgacic EL dev~ A1 120 hours 

pie 3 for a brightness, in FIG. 9, and the results ofmea- ~=~~eviecA.i, 100 hours 
SW'ement of the organic EL devices obtained in Exam- of Exuaple 4 

pie 4 and Comparative Example 3 for a charged volt- device As 
age, in FIG. 10. s 

The measurement of the brightness was carried out, 40 ;evice B1 
as shown in FIG. 11, by continuously providing a cur- Organic EL devi6c Bz 

100 hours 

1.200 hours 

700 hours 
rent from a current generator 36 to an organic EL de- of Example 7 
vice 30 in which an ITO electrode 32 formed on the Organic EL device B3 
-~-- f f h · L ofExample 8 SIU"uu..c: o a substrate 31 o t e orgamc E device 30 Organic EL device B4 

was an anode and an opposite electrode 35 formed on 45 of Example 9 
the ITO electrode 32 through a hole-injecting layer 33 Organic EL device Bs 
and a light--cm:itting layer 34 was a cathode, photoelec- of&ample 10 
trically transferring light L from the orD'llnic EL device Organic EL device of 

1,100 hours 

l.SOO hours 

1,200 hours 

30 hours 

Destruction 
time. or device 

l,SOO hours 

I,000 hours 

1,000 bou.rs 

SIX/:) hours or more 

J,000 hou[S or more 

5,000 houn or more 

S,000 hours or more 

S,000 hours or more 

300 hours 
c- Compuative Example 4 

30 with a photodiode 37 and calculating a relative Organic EL de.vice of Device was too corroded with adhesive 
brightness on thcbasisofthevalueofanoutputvoltage 50 Co=m:,Pc:""="v.c'cc"""'=:c'c:'':.':....~----''"'.;;""';;;.c.'"ligh='-----
from the photodiode 37. Further, the charged voltage •: lnkW brightness was 100 ed/m2.. 

was measured with time by means of a voltmeter 38 as 
showninFIG.11. Inaddition,in the organic EL device As is shown in Table 1, any one of the organic EL 
30 shown in FIG. 11, a laminated structure having the devices having protection layers (organic EL devices A 
ITO electrode 32, the hole-injecting layer 33, the light- ss and organic EL devices B), obtained in Examples, has a 
emitting layer 34 and the opposite electrode 35 was much longer life than the organic EL device having no 
provided with a protection layer 39 on the outer surface protection layer, obtained in Comparative Example. 
thereof. And, each of the organic EL devices having shield 

As is clear in FIGS. S to 10, the lives of the organic layers outside the protection layers, obtained in Exam.-
EL devices of the present invention obtained in Exam- 60 pies 6 to 10, has a longer life than any one of the organic 
ples 1 to 4 are overwhelmingly longer than those of the EL devices A of the present invention having the pro-
organic EL devices of Comparative Examples 1 to 3 tection layers alone (organic EL devices A obtained in 
which were provided with no protection layer on the Examples 1, Example 4 and Examples 5). 
outer surfaces of their laminated structures. This shows As is clear from the results of the above-described life 
that the infiltration of water and oxygen into the light- 65 test 1 and life test 2, organic EL devices having a long 
emitting layers has been prevented by the protection life can be provided by working the present invention. 
layers. We cJaim: 

Life Measurement 2 L An organic electroluminescent device comprising 
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(a) a laminated structure including 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.- S 
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 10 
luminescent organic solid for light emission, and 

(b) a film of an electrically insulating polymer com
pound as a protection layer which is deposited on 
an outer surface of the laminated structure, &aid 
film being formed of at least one layer of a fluorine- 15 
containing copolymer obtained by copolymerizjng 
a monomer mixture containing tetrafluoroethylene 
and at least one cyclic ether compound having a 
carbon-carbon unsaturated bond of the formula 

CX=CX' 
I I a a " / R 

20 

izing a monomer mixture containing tetrafluorc,.. 
ethylene and at least one cyclic ether compound 
having a carbon-carbon unsaturated bond of the 
formula 

CX=CX' 
I I a a 
'/ 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 

'/ 
C 

R' 

/ 'R'' 

wherein each of R' and R" is selected from the group 
consisting. of F, Cl, -COF a. -COO C1-C6-alkyl 
group, a C1-C6-alkyl group, an unsubstituted perfluori-

25 nated C1-C6-alk.yl group and a hydrogen-substituted 
wherein each of X and X' is selected from the group perfluorinated Ct-C6-alkyl group. 
consisting of F, CI and H, 5. The organic electroluminescent device according 

X and X' are the same or different from each other, to claim 4, wherein the shield layer is formed of one 
and R is -CF=CF- or has the formula selected from .the group consisting of an. electrically 

30 insul8.ting glass, an electrically insulating polymer com
pound and an .electrically insulating airtight fluid con
tained in an electrically insulating container. 

3S 
wherein each of R' and R" is selected from the group 
consisting of F, Cl, -COF a -COO C1-C6;-alkyl 
group, a C1-C6-&kyl group, an ·unsubstituted perfluori
nated C1-C6-alkyl group and a hydrogen-substituted 
perlluorinated C1-C,;-alkyl group, 40 

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 organic electroluminescent device according 45 
to claim .2, wherein the. physical vapor deposition 
method is a 

4. An organic electroluminescent device comprising 

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 d.irect 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) a film of an electrically insulating polymer com
pound as a protection layer deposited on an outer 
surface of the laminated structure, said protection 
layer with moisture resistance being provided with 
a shield layer on. an outer surface of the protection 
layer, the film of the polymer having a layer stmc-
ture formed of at least one layer of a flnorine-con
taining copolymer, wherein the fluorine-containing 
copolymer is a copolymer obtained by radical
polymerizing (i) a perfluoroether having a double 
bond at each of the two terminals, represented by 
the formula (II), 

(a) a laminated structure comprising a light-emitting 
layer formed of a luminescent organic solid which 50 
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 CUITent is charged between the posi- 55 
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 CF2=CF-(CF2),r-O-(CFi)--CF.=Cf'l (Il) 

(b) a film of an electrically insulating polymer com- 60 
pound as a protection layer deposited on an outer wherein each of m and n is independently of each other, 
surface of the laminated structure, said protection an integer of O to 5, and m+n is an integer of 1 to 6 and 
layer with moisture resistance being provided with (ii) a monomer radieal-polymerizable with the pcrfluo-
a shield layer on an outer surface of the protection roether of the formula (ll). 
layer, the. film of the polymer having a layer struc- 65 7. The organic electroluminescent device according 
ture formed of at least one layer of a fluorine-con- to claim 1, wherein said cyclic ether compound is in an 
taining copolymer, wherein the fluorine-containing amount of 0.01 to 99% by weight based on the total 
copolymer is a copolymer obtained by copolymer- amount of the tetraRuoroethylene. 
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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 
amount of the tetr:afluoroethylene. · 

5 
9. The organic electroluminc:scent 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~ 10 
lected from the group consisting of 

CF=CF, CF=CFandCF=CF. 
I I I I I I 15 
0 00 0 0 0 ,/ ,/ ' / 

C C CF=CF /' /' CF3 CFJ F F 

11. The organic electroluminescent device according 20 

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 tetrafluoroi:thyleri~. 

25 

30 

35 

40 

45 

50 

55 

60 

65 

30 
12. The organic electroluminescent device according 

to claim 13, wherein the cyclic ether compound is in an 
amount of 11 to 80% by weight based on the total 
amount of the tetrafluoroethylene. 

13. Toe organic electroluminescent device according 
to claim 12, wherein the fluorine-containing copolymer 
has a glass transition point of not less than SOD C. 

14. The organic electroluminescent device according 
to claim 13, wherein the cyclic ether compound is se
lected from the group consisting of 

CF=CF, CF=CFandCF=CF. 
I I I I I I 
0 00 0 0 0 ,/ ,/ ' / 

C C CF=CF 

/' /' CF3 CF3 F F 

15. The organic electroluminescent device according 
to claim 6, wherein the perfluoroether is selected from 
the group consisting of perfluoroallylvinylether, per
fluorodial1yether, perfluorobutenylvinylether, per
fluorobutenylallylether and perfluorodibutenylether. 

* * * * * 
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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, each pixel 
including a firs! transistor having its gale connected to 
a select line, its source connected to a~and its 
drain connected to the gale 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 connec1ed to alternating high voltage 
means. A method for producing gray scale performance 
including !he 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 :t'-,:awii:g Sheets 
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ACTIVE MATRIX ELECTROLUMINESCENT 
DISPLAY AND METHOD OF OPERATION 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic circuit diagram for a pixel of a 
prior at1 AMELD. 

FIG. 2 is a schematic circuit diagram for a pixel of an 
AMELD of the invention. 

FIG. 2(a) an another embodiment of the AMELD of 
FIG. 2. 

The invention is an active matrix electroluminescent 5 
display (AMELD) having an improved light emitting 
efficiency and methods of operating the AMELD to 
produce gray scale operation. 

FIG. 3 is a schematic circuit diagram for ·a pixel of 
10 another embodiment of the AMELD of the invention. 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 15 
active layer. between a pair of insulators and a ·pair of 
electrodes. 

Early EL displays .were only operated in a multi
plexed mode. Recently active matrix technology 
known in the liquid crystal disPlay art has been applied 20 
to EL displays. A known AMELD includes a circuit at 

FIG. 4 is schematic circuit diagram for a high voltage 
alternating current source used in the AMELD of the 
invention. 

FIG. S(a) to(/), is a schematic cross-sectional illustra· 
tion of steps in a process for fanning the active matrix 
circuitry. 

FIG. 6 is a cross-sectional illustration of the structure 
of an alternative embodiment of the AMELD of the 
invention. 

DETAILED DESCRIPTION 

each pixel comprising a first transistor having its gate -In FIG. 1 a prior art AMELD 10 includes ·a plurality 
connected to a select line, its source connected to a data of pixels arranged in rows and columns. The active 
line and its drain connected to the .gate of a second matrix circuit at a pixel ll, i.e. ·the pixel in the Ith row 
transistor and through a first capacitor ·2~ to ground. 25 and the Jth column·comprises a first transistor 14 hav-
The drain of the second transistor is .connected to ing its gate connected to a select line 16, its source 
ground potential, its source is connected through a connected to S: data line 18 and its drain connected to 
second capacitor to ground and to one electrode of an the gate of a second transistor 20 and through a first 
EL cell. The second electrode of the EL cell is co·n- capacitor 22 to ground. The source of transistor 20 is 
nected to a high voltage alternating current so\lrce for 30 ·connected to ground, its drain. is connected through a 
excitation of the phosphor. second capacitor 24 to ground and to one electrode of 

This AMELD operates as follows. During· a first an EL cell 26. The second electrode ofthC EL cell 26 is 
portion of a frame time (LOAD) all the data lines are connected to a high voltage alternating current source 
sequer\tially turned ON. During a pat1icular data line 28. 
ON, the select lines are strobed. On those select lines 35 During operation, the 60 Hertz (Hz) field period of a 
having a select line voltage, transistor 14 t~rns On allow- frame is subdivided into separate LOAD and ILLUMI-
ing charge from data line 18 to accumulate on the gate NATE periods. During a LOAD period, data is loaded, 
of transistor 20 and on capacitor 22, thereby ·turning one at.a time, from the.data·line through transistor 14 
transistor 20 on. At the completion of the'LOAD cycle allowing charge. from data line 18 to accumulate on the 
the second transistors, of all activated pixels are on. 40 gate of transis1or 20 and on capacitor 22, in order to 
During the second portion oftheJrame time (ILLUMI- control the conduction of transistor 20. At the comple-
NATE), the AC high voltage source 28 is turned on·. lion of the LOAD period, the second transistors of all 
Current flows from the source 28 through the EL cells activated .pixels are on. During the ILLUMINATE 
26 and the transistor 20 to· ground in ·each activated period, the high voltage alternating current source 28 
pixels, producing an electroluminescent light output 45 connected to all pixels is turned on. Current flows from 
from the activated 'EL cell. , · the source 28 through the EL ·cell 26 and the transistor 

This AM ELD and knoWn Variants require a nutnber 20 to· ground in each activated pixels, producing an 
of components at each pixel and do not have gray scale electroluminescent light output from the pixel's EL cell. 
operation. Thus there · is a need, for alternative ·· In FIG. 2 an AMELD 40 includes a pJ.~ra.litY..Df.Jm.els 
AMELDs having few~r components and gray scale 50 arranged hi rows and columns. The active matrix circuit 
operation. at ~- pixeL42 comprises a first tran~~or 44 having its 

SUMMARY OF THE INVENTION 

The invention is an AMELD comprising a plurality 
of pixels, each pixel includirig a first transistor having its 55 
gate connected to a select line, its source connected to 

gate connected to a select line 46, its source connected 
to a data line 48 and its drain connected to·the gate of a 
second ··transistor SO. A caP.lll~ilQL~i is preferably con
nected between the galccSI' the ~®n.d transis,!SlJ:. SO and 
the source of reference potential. The source of transis-

a 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) 
ce11 and the ·sL cell having its second electrode con
nected to 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 
ar:ray. 

tor 50 is also connected to the data line 48 and its drain 
cOnnected tO o_ne electrode of an ..§k.,£:~H..M-.Die sec
ond electrode of the EL cell 54 is connected to a bus 58 

60 for a single, r~t, 10 kilohet1z (KHz)-AC high-volt
age power source, such as that shown in FIG. 4, to 
illuminate the entire array at the same time. Also shown 
therefore a parasitic capacitor 60 which is between the 
gate and drain of the transistor 44 therefore is typically 

65 present·in this structure. Each data line of the AMELD 
40 is driven by circuitry 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 

Resistance heating method, electron beam heating 
method, high-frequency induction beating method, re
active vapor deposition method, molecular beam epi-

As described above, the organic EL device of the taxy method, hot wall vapor deposition method, ion 
present invention has a film of an electrically insulating 5 plating method, ionized cluster beam method, vapor 
polymer compound as a protection layer on the outer deposition polymerization method, etc. 
surface of a laminated structure in which at least a light- Sputtering method . 
emitting layer formed of a lumincscCDt organic solid is • Diode sputt~g method, diode magnetron sp~-
placed between two mutually opposing electrodes. The mg method, °:1ode and ~traode plas~ . sputtering 
constitution of the above laminated structure includes 10 methods, reactive sputtenng method, ionized beam 
the following © to @. sputtering method, a method using a combination of 
G) electrode (cathode)/light-emitting layer/hole- these. 

injecting layer/electrode {anode) ~y One of these methods can be employed. ';?n-
@ electrode (anode)/li~t-emitting layer/electron- cermng the PVD method, a vacuum vapor depoSLtion 

injecting layer/electrode '(cathode) 15 methqd is partic~arly pre~«:rred. . • 
@ electrode (anode)/hole-injecting layer/light-emit- The fil~ fomnng co~1tions differ dependmg upon 

ting layer/electron-injecting layer/electrode (cath- raw mater:ials and the kind of the PVD .'°:1-ethod, For 
ode) e~p1e, when . a vacu.um. vapor depos1tton me~od 

@ electrode (anode or cathodc)/light-cmitting layer- (resistance ~mg method! elec~n ~ heating 
/electrode (cathode or anode). 20 ~ethod and high-frequency ~duction heating method) 
Any constitution may be used. In general, the lami- ts used, preferred are .c:ond_itions where the pressure 
ted structure is formed on a substrate The size form before the vapor· deposition 1s generally set at not more 

:aterial, etc., of each of the substrate ~d the lantlnatcd than 1 X 10-:2 Pa, prefera?ly not m~ .than 6 X 10_-l Pa, 
structure are properly selected depending upon use of the temperature for heatmg a ~epos1tion source is gen-
th · ded · EL de • h urfa ligh 25 erally set at not more than 700 C., preferably not more 

e m.tcn • orgamc • ~ce sue ~as ce .t than 600g c., the substrate temperature is generally set 
s?ur~, a pu::~l For ~hie display, a p~el for a teievi- at not more than 200· c., preferably not more than lCXY 
ston 1IDBge d!5~la>: devioe, etc. In addition, each of the C., and the deposition rate is generally set at not more 
~b.ov~ hole-mJectiD.g layer and the ~bovc electron- than so nm/second, preferably not more than 3 
J:DJCC~ _lay~r refers t? a layer havmg any one _of 30 nm/second. 
charge mJCCtiO!J: properti~ charge transport properties (ii) Kinds of the polymer compound used as a vapor 
an~ charge bamer p~perties, md ~Y have any one of deposition source. 
a smgle-Iay.ered structure and a multi-layered structure. The following polymer compounds (A) to (C) may be 
The ~terial _for these !8Yers ~y be ~ one of an used as a deposition source. 
orgamc mat~al and ~ morgamc mat~. . 35 (A) Fluorine-free polymer compounds such as polycth-

The org8Dlc EL devi~ of th_e pre~t mvention has a ylene, polypropylene, polystyrene, polymethyl meth-
:film formed of an ~lectrically msulating polymer com- acrylate, polyimide (obtained by depositing two mon-
pound ,s a protection layer on the outer surface of the omers on a substrate to polymerize them, see 

· above laminated stru~. The protection layer_ may be UL VAC Technical Journal, 1988, 30, 22), polyurea 
formed at least on a mam s~ace of the _opposi.te elec- ,40 (obtained by depositing two monomers 011 a substrate 
trade. However, the protection layer ts particularly to polymerize them see UL V AC Technical Journal, 
pre~erably formed on the entire outer s~ace of the 1988, 30, 22),etc. 

1 

laminated structure. Further, wh:11 the laminaic:d struc- (B) Polytetrafluoroethylene, polychlorotrifluoroethyl-
ture ~ a. layer structure in w~ch the opposite elec- ene, polydichlorodifluoroethylene, chlorotriftuoro-
trode ts formed on part of a main surface of one of the 45 ethylene, a copolymer of chlorotrifluoroethylene and 
light-emitting layer, the hole-injecting layer and the dicblorodifluoroethylene. 
e.lectron-injecting layer, it is p~ferred to fo:m, a protec. (C) Fluorine-containing copolymers having a cyclic 
non layer at least on that portion of the main surface of structure in the main. copolymerized chain. 
a layer underlying the opposite electrode where the (C-l)Fluorine-containingpolym.ercompounddisclosed 
opposite electrode is not formed and on the main sur- so in JP.A 63-18964, fluorine-containing polymer com-
face of the opposite electrode. pound disclosed in JP,A 63-22206, fluorine-contain-

The method for forming the protection layer of an ing polymer compound disclosed in JP,A 63-238115. 
electrically insulating polymer compound includes: (C-2) Fluorine-containing polymer compound disclosed 
(!) a physical vapor deposition method (PVD method), in JP ,A 3-129852. 
(2) a. chemical vapor deposition method (CVD S5 Theformoftbepol.ymercompoimdwhenitisusedas 

method), a deposition source is not specially limited. The form 
(3) a casting method, and may be powdery, particulate, bulk-like, disk-like or 
(4) a spin coating method. pellets-like. The form is properly selected depending 

These methods are respectively detailed hereinafter. upon the kind of the PVD method employed for form-
(!) PVD method 60 ing the film. 
(i) Kind, film-forming conditions, etc., of the PVD When the polymer compound (B), (Cl) or (C2) out 

method of the above polymer compounds is used as a deposition 
The PVD method includes a vacuum vapor deposi- source, there can be obtained, by a PVD method, a 

ti.on method (including a vapor deposition polymeriza· deposited film (protection layer) which is formed of the 
tion method), a sputtering method, etc. The vacuum 6S same polymer compound as the polymer compound 
vapor deposition method and the sputtering method can used as a deposition source and is pin-hole free. Further, 
be sub-classified as below. the decrease in the electric resistivity, breakdown 

Vacuum vapor deposition method strength and moisture resistance, entailed when the film 

·-t~. 
·t\f::··!'\· 
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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 A MELD 
of the invention includes an input electrode 102 for 
receiving low vol~age pow~x ~t the d~~ir!;d pulse rate. A 
re~D.4...a~ E~ cell 106 are conn~cted in se~es 
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· 10 
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 sour-cc of reference potential 116. 
A comparator 118 is connected across the EL cell 106 15 
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 :ZO 
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 

25 inductor 112 and the input orthe EL cell 106. In 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 30 

.,. on the variable capacitor load 106 has been reached. At 
this time··comparator 118 resets the latch 122, opening 
switchein04 and 114 and closing switch 132. Inductor 
112 theri~discharges through switch 132 and drives the 
voltage on the variable capacitor 106 to a fixed multiple 35 
of the preselected voltage. The values oft he 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 40 
inductor. Approximately ninety-five percen1 of the 
current would flow into the inductor to achieve a volt
age multiplication of twenty. 

The AMELD of the invention can be formed using 
one of several semiconductor processes for the active 45 
matrix circuitry. The process which I believe will pro
duce the best ·performance uses crystalline 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 50 
logic in/on the x-Si layer, and depositing the phosphors 
and other elements of the EL cell. 

The key aspect of forming the x-Si 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 55 
for example by Salerno et al in the Society For Informa
tion Display SID 92 Diges.t, pages 63-66. x-Si-on-insula
tor material (x-SOI) is formed by first growing a high 

. quality thermal silicon oxide (SiOx) of the desired thick
ness on a standard silicon wafer depositing a polycrys- 60 
talline silicon (poly-Si) layer on the SiOx and capping 
the poly-Si layer with an Si Ox 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 65 
Si layer that is trapped between the oxide layers, pro
ducing single crystal Si layer. A particular advantage of 
the x-501 process is the use of grown SiOx, which can 

be made as thick as necessary, and much thicker and 
more dense than ion-implanted SiOx layers. 

The circuitry in/on the x-SOI is formed using a high 
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 fabricated with breakdown voltages of over 100 
Vin/on 1 µm thick x-501. In FIG. S(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 µm thick, on the dielectric 
layer 202 into discrete islands 204a, 204b and 204c iso
lated by oxide 205, forming both the P- and N-wells 
using masking and ion implantation steps; first of an 
N-type dopant,.such as arsenic, then of a P-type dopant, 
such as boron, as.shown, to form the N-type wells 204a 
and 204c and the P-type well 204b. Masks 206, typically 
formed of SiON, are shown in FIGS. S(a) and (cl). 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 !hen formed using boron ion implantation. The ·pro
cess is completed by depositing a borophosphosilicate 
glass (BPSG) layer 230 over the structu,re, flowing. the 
BPSG layer 230, opening vias 232 down. to the ~i is
lands 204, and-interconnecting the devices using alumi
num metallization 234. The process has .. n,ine mask steps 
and permits the fabrication of both DMOS and CMOS 
transistors. 

In operation, the N+.p- junction of the DMOS tran
sistor 214 switches on at low voltage causing the transis
tor to conduct, while the N--N+ junction holds off the 
voltage applied to the EL cell when the DMOS transisM 
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 µm. The important physical dimensions are the 
length of the N-well drift region, typically about 30 µ.m, 
the spacing between the edge of the poly-Si gate in the 
active region and the edge of the underlying field oxide, 
typically about 4 µ.m, and the amount of overlap, typi
cally about 6 µm, 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 voltage performance also re
duce the overall current handling capabilhy of the tran
sistor and therefore require a larger transistor area for a 
given current specification. For example, the N-well 
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8 
doping concentration controls the maximum current forming the transistors in amorphous silicon (a-Si) or 
and breakdown voltage inversely, usually making care- poly-Si, although a-Si is preferred because better high 
ful optimization necessary. However, this is much less voltage devices can presently be fabricated in a-Si as 
of a factor in this approach, since the design eliminates disclosed, for example, by Suzuki et al in the Society 
the requirement for high current (only J µ.A/pixel For Information Display SID 92 Digest, pages 344-347. 
needed). In this case, whether a-Si or poly-Si is used, the process 

The layer thicknesses can be adjusted to provide the of forming the AMELD is reversed; the EL cell is first 
required breakdown voltages and isolation levels for the formed on a transparent substrate and the transistors are 
transistors in the AMELD. High quality thermal SiOx formed on the EL cell. In FIG. 6 an AMELD 300 
can be easily grown to the required thickness. This 10 incorporating a-Si transistors includes a transparent 
tailoring cannot be obtained easily or economically by substrate 302, a transparent electrode 304, a first insulat-
other techniques. This x-SOI is characterized by high ing layer 306, an EL phosphor layer 308 patterned as 
crystal quality and excellent transistors. A second ad- described above, a second insulating layer 310, a back 
vantage of the x-SOI process is the substrate removal electrode 312 and an isolation layer 314. The active 
process. Owing to the tailoring of the oxide layer be- 15 matrix circuitry is formed on the isolation layer 314 
neath the Si layer, the substrate can be removed using in/on a a-Si island 316 deposited using standard glow 
lift-off techniques, and the resultant thin layer can be discharge in silane techniques and isolated from adja-
remounted on a variety of substrates such as glass, cent islands using standard masking and etching tech-
lexan, or other materials. niques to define the pixels along with the segmentation 

The process for fanning the EL cell, whether mono- 20 of the back electrode 312. It is understood that the 
chrome or color, begins with the formation of the active pixels can equally well be defined by segmenting the 
matrix circuitry. The next steps are sequenlially deposil- transparent electrode 304. 
ing the bottom electrode, which is preferably the source The first transistor 318 includes a gate 320 overlying 
or drain metallization of the second transistor in the a gate oxide 322 and connected to a select line 324, a 
pixel circuit, the bottom insulating layer, the phosphor 25 source region 326 contacted by a data line bus 328, a 
layer and the top insulating layer. The two insulating drain region 330 connected by conductor 332 to a gate 
layers are then patterned to expose the connection 334 overlying a gate oxide 336 of a second transistor 
points between the top electrodes and the active matrix, 338. The second transistor 336 has a source region 340 
and also to remove material from the areas to which contacted to the data line bus 328 and a drain region 342 
external connections will be made to the driver logic. 30 connected by conductor 344 through opening 346 to the 
The top transparent electrode, typically indium tin ox- back electrode 312. The entire assembly is sealed by 
ide, is then deposited and patterned. This step also depositing a layer of an insulator 348 composed of a 
serves to complete the circuit between the phosphors material such as BPSG. 
and the active matrix. It is to be understood that the apparatus and the 

The process for forming a color phosphor layer com- 35 method of operation taught herein are illustrative of the 
prises depositing and patterning the first phosphor, general principles of the invention. Modifications may 
depositing an etch stop layer, depositing and patterning readily be devised by those skilled in the art without 
the second phosphor, depositing a second etch stop departing from the spirit and scope of the invention. 
layer, and depositing and patterning the third1phosphor. For example, different layouts of the components in a 
This array of patterned phosphors is then coated with 40 pixel are possible. Still further, the invention is not re-
the top insulator. Tuenge et al in U.S. Pat. No. 4,954,747 stricted to a particular type of high voltage excitation 
have disclosed a multicolor EL display including a blue and pulse shape, to a particular type of power source or 
,SrS:CeF3 or ZnS:Tm phosphor or a group II metal its capacity or to a particular transistor type. The sys-
thiogallate doped with cerium, a green ZnS:ThF3 phos- tern provided by the invention is not restricted to opera-
phor and a red phosphor formed from the combination 45 tion at a particular frequency. 
of ZnS:Mn phosphor and a filter, The filter is a red I claim: 
polyimide or CdSSe filter, preferably CdS0.62Seo.3S, 1. An electroluminescent display comprising an array 
formed over .. the red pixels, or alternatively, incorpo- of pixels, each pixel including :.. ,..,,. 
rated on the seal cover plate if a cover is used. The red a first transisll?r having its gate connected to a select ., 
filter transmits the desired red portion of the ZnS:Mn SO line, its source connected to a data lin~d its drain/ 
phosphor (yellow) output to produce the desired red connected to the gate of a second v-ansistor; • 
color. These phosphors and filters are formed sequen- the second transistor having it source connected to 
tially using well known deposition, patterning and etch- the data line and its dr.iin connected to a first elec-
ing techniques. trade of an electroluminescent cell; and 

The insulating layers may be AI203, Si02, SiON or 55 said electroluminescent cell having a second elec-
BaTa206 or the like between about lO and 80 nanome- trade which is connected to means for providing an 
ters (nm) thick. The dielectric layers may be Si3N4 or alternating voltage power source with the voltage 
SiON. The presence of the insulating oxide layers im- power source means being connected between the 
proves the adhesion of the Si3N4 layers. The dielectric second electrode and a source of reference poten-
layers are formed by sputu:ring, plasma CVD or the like 60 tial. 
and the insulating oxide layers by electron beam evapo- 2. The display of claim 1 wherein the means for pro-
ration, sputtering, CVD or the like. The processing viding an alternating voltage power source comprises a 
temperature for the insulator deposition steps is about resonant alternating current high voltage power source. 
soo• C. The silicon wafer is exposed to a maximum 3. The display of claim 2 wherein the power source 
temperature during proce"ssing would be 750° C. which 65 includes: 
is necessary to anneal the blue phosphor. first means for receiving an input voltage; 

An alternative process to form the AMELD of the a resistor connected at one end and in series through 
invention when a large area display is desired includes a first switch to the first means and at another end 
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10 
to the second electrode of the electroluminescent 
cell; 

5. The display of claim 4 further comprising a capaci
tor connected between the gate of the second transistor 
and a source of reference potential. an inductor connected to the first means and in series 

through a second switch to a source of reference 
potential; 

6. The display of claim 4 further comprising a capaci-
5 tor connected between said data linC and the gate of the 

second transistor. 
a third switch connected across the first means, the 

inductor, the first switch and the resistor; 
7. A method of operating an active matrix electrolu

minescent display, said display comprising a plurality of 
pixels, each pixel including a first transistor having its 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 and sec
ond outputs; 

ID 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 havi_ng its source 
connected to the date line and its drain connected to a 

wherein the first output of the latch, when activated, 15 
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 

20 

applied to the first means. 
4, The display of claim 1 wherein the second transis

tor is a drift type MOS transistor. 
25 

30 

3l 

40 

" 

so 

" 

60 

65 

first electrode of an electroluminescent cell, the electro
luminescent cell having a second electrode, the method 
comprising the steps of 

aePJYi.f!S vol_!ages 10 the select and diata lines to en
able thC-sCcond transistor of a given pixel; 

applying a power· source to the second electrode of 
the electroluminescent cell of the given pixel for a 
period of time; and 

disabling the second 1ransis1or of the given pixel prior 
to the completion of said period of time. . . . . . 
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[57] 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 than ground to scan 
side driver !Cs from voltage supply circuits. and the scan 
side driver !Cs set voltage of scan electrodes to be the offset 
voltage in the positive field. together with outputting the 

. positive polarity scan voltage to the scan electrodes during 
electroluminesceoce timing. Consequently. a voltage of 
Vr-Vm is applied to the scan side driver !Cs. and so the 
breakdown voltage can be lowered by an amount corre
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 TO 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 

2 
Also. driving the above-described prior art device, elec

trical charging and discharging with respect to the EL 
display panel is perfonned. at each scan line electrolumines
cenc~ operation. and there exists a problem wherein drive 

s 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, accwnulated charge is 
stored in a capacitor provided externally.· and this accumu-

10 lated charge is reused ·during subsequent 
electrolwnincscence;thereby reducing power consumption. 

This invention relates to a circuit for driving an eleclrolu- As shown in FIG. 15. this circuit includes a data voltage 
mio.escent (EL). display device. supply· circuit 7 having a charge collection capacitor 701, 

2. Description of Related Art 
15 

switching elements 702 through 704, .and diodes 705 and 
A device .disclosed in Japanese Patent Application Laid- 706, and Vmf2. is utilized as the power source voltage. The 

Open Publication No. Hei 5-333815 is known as a circuit for size of the charge collection. capacitor 701 is sufficiently 
driving an EL display. large in comparison with the charge C;,apacity of the entirety 

According to this device. EL elements in the display are of the' EL display panel. and a charge equivalent to Vm/2 is 
arranged 1n a matrix and a scan side driver IC and data side 

20 
charged therein as an initial state. 

driver IC are respectively provided on a scan side and data Operation of this device will be described hereinafter with 
side of the display elements. Accordingly. drive· voltage reference to the grapls shown·in 'FIGS. 16A.a...16F. 
pulses having a differing polarity with each positive and .In ·the second field. when performing drive foi" a' predC-
negative field are applied to the EL elements by the respec- termined scan .line. firstly the switching element 704 is 
tive driver !Cs and the EL elements emit light. 25 switched on as shown in FIG. ·16C. a P-channel FEI' 

That is to say. in the positive field. a ground voltage (0 V) connected to a data electrode of an EL element to emit light 
is taken to be a reference voltage and a voltage Vr corre- is switched on and a corresponding N-channel ·FEf -is 
sJionding to an EL drive voltage is output to a scan electrode switched off as shown in FIGS. l6D and 16E. and voltage 
of the EL display from the scan side driver IC. and from the Vm/2 is applied to thC data electrode as shown iii FIG. l(;F. 
data side driver IC. the ground voltage is output t.o .the EL 30 Next. the 'switching elCJilent 702 is switched on as shown 
element so that it emits light ,a modulation voltage Vm is in FIG. 16A. voltage Vm being power source voltage Ym/2 
output to a data electrode.of an EL element to put it in a with Vro/2 corresponding to a capacitor charge added 
non-electroluminescent state. voltage of the data electrode is thereto is applied to the data electrode of the EL element to 
grounded with .respect to the scan electrode to which the emit light. and the~ element emits light. Subsequent to this 
voltage Vr has.been output. the Vr·voltage is applied to the 35 electrolwninescence operation. the. switching elements 702 
EL element. and the EL element emits light. and 704 are switched off. and approximately half of the 

Additionally. in the negative field. ground voltage (0 V) is charge output from the P-channel FEI' of the data side driver 
taken to be a reference voltage and a voltage of-Vr+Vm is IC 4 is collected via the diode 705 in the charge collection 
output to the scan electrode_ from the·scan side driver IC. and capacitor 701. 
from the data side driver IC. the modulation voltage vm· is 40 The. collected charge is conswned when switching on the 
output to the EL element .so that it emits light. the ground switching eleme·nt 704 in the subsequent" scan line selection 
voltage is output to a data electrode of an EL element to put period. This operation is repeated until the final line. 
it. in· a non-electroluminescent state, voltage of the data However. structure and operation of the charge collection · 
electrode is set at the modulation ,voltage Vm with respect to capacitor 701 of the above-described device arc ciompl~. 
the scan electrode to which voltage of -Vr+Vm has been 45 and there are problems where applied voltage at the time of 
output. -vr·voltage is applied to the ELClement>and the EL the next scan line selection is· affected by an amount of 
element emits light accumulated capacitor charge and is unstable.-a~d so on. 

In a case wherein drive. such as the foregoing is SUMMARY OF-THE'INVENTION 
perfonned. the power .source voltages of the scan side driver 
IC beComes Vi and ground voltage when driving in the so In light of .the foregoing problems. it is an object of the 
positive field. and so the voltag'e Vr.is applied to·the scan present invention to provide a drive circuit that is able to 
side driver IC.·, and consequently the breakdown voltage drive an EL element. where the drive circuit for the EL 
thereof must be Vr or higher. :Because the EL element is element has a low breakdown voltage. 
driven at a comparatively high voltage which becomes. for To attain the above-described object; an EL display device 
example. approximately 260 V. a device with high brC:ak- ss according to a first aspect _of the present invention applies a 
down voltage as the scan side driver IC becomes necessary. _scan voltage .having a differing polarity with each positive 
Because a general purpose driver IC does not have such a and ·negative field to drive an EL display where the scan 
high breakdown voltage, it is necessary to specially design voltage includes. in a positive field. a positive polarity scan 
a high breakdown voltage driver IC which has a high voltage and a first offset voltage which is higher than ground 
breakdown voltage to satisfy the above requirements. and 60 level to a scan electrode drive circuit from a voltage supply 
this causes problems in terms of integration and cost. These circuit. and the sc.an electrode drive circuit sets the voltage 
considerations also apply to the data side driver side IC. of a scan electrode to be the first offset voltage in the positive 

Further. when the rear electrode has been grounded and a field. together with outputting the positive polarity scan 
positive and negative alternating current signal is applied to voltage to the scan electrode during electroluminescence 
the transparent electrode. two types of positive and negative 65 timing. 
power sources nonnally become necessary. and power Consequently. because vOlt'age supplied to the sc.an elec-
source circuitry becomes large. trode drive circuit can be lowered by an amount correspond-
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ing to the first offset voltage .relative to prior art devices, the 
necessary breakdown voltage of the scan eleclrode drive 
circuit can be .reduced. 

Preferably. the circuit supplies a modulation voltage to set 
electroluminescencc/non-electroluminescence 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 
electrode drive circuit. in the negative field. with respect to 
a data electrode of an EL element in an electroluminescent 
state. sets voltage thereof at the modulation voltage, and 10 
with respect to a data electrode of an EL element in a 
non-electroluminescent state, sets voltage thereof at the 
second offset voltage. 

Consequently, because voltage supplied to the data elec
trode drive circuit can be lowered by an amount correspond- 15 
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. 

4 
Consequently, by structuring the device so that power 

source voltage (modulation voltage) is applied directly to the 
m.. display element and a voltage rise is performed during 
electrolwninescence drive, no need exists to create voltage 
corresponding to a power source voltage positive capacitor 
charging, and so the structure of a circuit 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 accwnulated 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 inore readily apparent from the following 
detailed description of preferred embodiments thereof when 
taken together with the accompanying drawings in which: 

Such a circuit need not be limited to use with matrixAype 
EL displays and may also be used in EL display devices 
which perform segmented display. backlighting or the like. 

20 FIG. 1 is a schematic diagram of an EL display device 

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 25 an EL element when outputting alternating current voltage to 
a load such as an m.. element or the like. without employing 
two types of positive and negative power sources. 

Th.is object is attainM according to another aspect of the 
invention by providing a first switching device to open and 30 
close a connection between a positive electrode of a power 
source and a first reference voltage and a second switchin~ 
device to open and close a connection between a negative 

drive circuit according to a first preferred embodiment of the 
present invention; 

FIG. 2 is a cross-sectional view showing the strucb.lre 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 specific structlll'e 
of a voltage supply circuit according to the first embodi
ment: 

FIG. 5 is a schematic diagram of an EL display device 
according to a second preferred embodiment of the present 
invention: ~ 

electrode of the power source and a second reference voltage FIGS. 6A~C are timing diagrams showing the operation 
to be alternatively actuated in accordance with a control 35 of the device shown in FIG. 5; 
signal, and further to select a voltage of the power source 
positive electrode and c.egative electrode and to pelform 
output for driving a load. 

Because of this. voltage of negative polarity with a 
magnit.ude of the first reference voltage is created by the 40 
negative electrode of the power source when the :first switch
ing device has been acb.lated. and voltage of positive polarity 
with a magnitude of the second reference voltage is created 
by the positive electrode of the power source when the 
second switching device has been actuated. 45 

Consequently. by selecting· and outputting the created 
voltage. an alternating current signal is output and a load 
such as an EL element or the like can be driven by the 
output 

It is another object of the present invention to provide a so 
circuit to perfonn 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. 

Th.is object is attained according to another aspect of the S5 
present invention by providing a circuit in which charging of 
an EL display element by a charge collected by a charge 
collecting capacitor is pedonned and a predetemuned volt
age is applied to the EL display element prior to electrolu
minescence drive for the EL display element, and thereafter. 60 
during electroluminescence drive. power source voltage 
(modulation voltage) is applied directly to the EL display 
element and a voltage rise is perfonned. and electrolwni
nescec.ce drive of the EL display element is performed. 
Subseqbently to electroluminescence drive. charge stored in 6S 
the EL display element is collected in the capacitor for 
charge collecting use. 

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 a 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. 8; 

FIG. 10 is a schematic diagram of a data voltage supply 
circuit according to a fifth preferred embodiment of the 
present invention; 

FIGS. lIA-llE 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 embodiment; 

FIG. 15 is a schematic diagram of a prior art drive circuit; 
and 

FIGS. 16A-16F are timing diagrams of drive signals in 
the prior art circuit 

DEfAILED DESCRIPTION OF THE 
PRESENTI,Y PREFERRED EXEMPLARY 

EMBODIMENTS 

FIG. 2 shows a typical cross-sectional structure of an m.. 
display. An EL element 100 is fonned by laminating on a 

! 
·i 
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glass substrate 101 the following: a 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 cwrent pulse applied 
between the transparent electrode 102 and the rear electrode s 
106. Accordingly. in FIG. 2. light is emitted.through this 
glass substrate 101. Further. light can be emitted in both the 
upper and lower directions in the drawing when the rear 
eleclrode 106 is transparenL 

FIG. 1 shows an overall structure of an EL display device 10 
according to a first embodiment of the present invention. In 
this Figure. an EL display panel 1 has a plurality of trans-
parent electrodes and back electrodes in columns and rows 

6 
According to the above-desaibed structure, it is neces

sacy to apply an alternating current pulse voltage between 
the scan electrode and the data electrode so that the EL 
element emits light. and because of this. a pulse voltage 
whose polarity reverses in each field is provided at each of 
the several scan lines 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 clements 

as scan electrodes and data electrodes. and is structured to 
perform matrix display. 

In specific terms. as shown in FIG. 1. odd~numbered scan 
electrodes 201. 202. 203. etc. and even~numbered scan 
electrodes 301. 302. etc. are formed along the column 
direction of the display. and data electrodes 401. 402. 403, 

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, etc. becomes 
offset voltage Vm due to operation of the parasitic diodes of 
the FETs of the scan side driver ICs 2 and 3. Additionally. 

IS the FETs 41a. 42a. 43a. etc. of the data side driver IC 4 are 
switched on. and voltage of the data electrodes is Vro. In this 
state. voltage applied to all EL clements becomes O V. and 
so the EL elements do not emit light 

etc. are formed along the row direction of the display 1. 20 

EL clements 111. 112. etc. are formed as pixels at inter
sections of the scan electrodes 201. 301. 202. 302. etc. and 
the data electrodes 401, 402. 403. etc. The EL clements are 
capacitive elements and arc represented by capacitor sym-

25 
bols in the Figure. 

Scan side driver ICs 2 and 3 and a data side driver IC 4 
arc provided to perform display drive for this EL display 
panel 1. 

Thereafter. electrolumincscence operation in the positive 
field is started. Firstly. the P-channel FEr 21a of the scan 
side driver IC 20 connected to the scan electrode 201 of the 
first column is switched on. and voltage of the scan electrode 
201 is set to Vr. Additionally. output stage FEfs of the scan 
side driver !Cs 2 and 3 connected to other scan electrodes are 
all switched off. and these scan electrodes enter a floating 
state. 

Additionally. among the data electrodes 401. 402. 403. 
etc .. a P-channel FEY' 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 FEI' 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-channel FEI' thereof is switched off. 

Because of this. the data electrode of the m. element to 

;;.The scan side driver IC 2 is a push-pull type drive circuit 30 
having P-channcl FEI's 21a. 22a. etc. and N-channel FETs 
21b, 22b. etc. connected to the odd-numbered scan elec
trodes 201. 202. etc. and applies scan voltage to the odd
nUmbered scan electrodes 201. 202. etc. in accordance with 
Ci'utput from a control circuit 20. 3s emit light is grounded. and so the voJtage vr being a 

threshold voltage or more is applied to th;EL element and 
the EL element emits light Additionally. the voltage Vm of 
the data electrode of the EI.element to not emit light remains 

; Additionally, parasitic diodes 21c. 21d. 22c. 22d, etc. are 
formed in each of the FErs 21a. 21b. 22.a, 22b, etc. to 
establish the voltage of the scan elec1rod.es at a desired 
reference voltage. 

The scan side driver IC 3 has a similar structure. having 40 

a control circuit 30. P-channel FEI's 31a, 32.a, etc. and 
N-channel FEfs 31h. 32h. etc. and supplies scanning voltage 
to the even-n·umbered scan electrodes 301. 302. etc. 

The data side driver IC 4 also has a control circuit 40, 
P-channel FEI's 41a. 42a. etc. and N-channel FEfs 41b. 

45 

42b. etc. and supplies data voltage to the data electrodes 401. 
402. 403. etc. 

unchanged at Vro. and a voltage ofVr-Vmis applied to that 
EL element. 

Titis 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 4Ia of the data side driver IC 4 is switched 
off and the N-channel FEr.4lb thereof is switched on, and 
FIG. 31 shows a state wherein voltage Vr is applied to the EL 
element 111 and the EL element Ill emits light. 

Thereafter. charge accumulated in the EL element on the Scan voltage supply circuits 5 and 6 are provided to 
supply scan voltages to the scan side driver !Cs 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 a P-channel FET source side 
common line Ll in the scan side driver ICs 2 and 3. 

so 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 switching on 
the N-channel fET 21b thereof as shown in FIGS. 3C and 
3D. 

The scan voltage supply circuit 6 has switching clements ss 
61 and 62 and. in accordance with on/off states thereof. 
supplies a direct current voltage -Vr+Vm or an offset 
voltage V 0 1 to an N-channel FEr source side common line 
1..2 in the scan side driver ICs 2 and 3. According to this 
embodiment, V 0 1 is taken to be a modulation voltage Vm. 60 
and so will be described as Vm hereinafter. 

Additionally. a data voltage supply circuit 7 is provided 
with respect to the data side driver IC 4. The data voltage 
supply circuit 7 supplies a direct current voltage Vm to a 
P-channel FEf source side common line of the data side 6S 
driver IC 4 and supplies a ground voltage to an N-channel 
FEr source side common line of the data side driver IC 4. 

Next. the P-channcl FET 31a 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 FEI's of the scan side 
driver ICs 2 and 3 connected to other scan electrodes are all 
switched off. and these scan electrodes enter a fl.eating state. 

Additionally. driving of the EL clements 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 clement to emit light and to 
an EL element to not emit light 

The timing diagram of FIG. 31 shows a state where the 
P-channel FEf 41a of the data side driver IC 4 is switched 
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on, the ~-channel FEf 41b thereof is switched off and the 
voltage of the data electrode 401 is Vm. aiid that of FIG. 3K 
shows that voltage Vr-Vm is applied to the EL element 121 
and the EL element 121 does not emit light 

Thereafter, charge accumulated in the EL element on the 
scan. electrode 301 is discharged by switching off the 
P-channel FEI' 31a of the scan side driver IC 3 connected to 
the scan electrode 301 of the second column and switching 
on ~e N-channel FET 3~b thereof. 

Thereafter, line-sequential scaD.ning, wherein the above
describ_ed weration is ·repeated until the final scan line is 
reached. is performed similarly. 

In the ·negative field portion,·the switching elements 52 
and 61 are switched on,·the switching elements 51 and 62 are 
switched off. and operation similar to the operation in the 
positive field is _performed with reversed_·polarlty. At this 
time. reference voltage of the scan electrodes 201,301.202, 
302. etc. goes to ground. Additionally. the FETs 41b. 42b. 
43b. etc. 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 elements becomes O V. and so 
the EL elements do not emit 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 perfonned. On the data electrode 
side. opp,?sitely to the positive :field. voltage of a data 
electrode to emit light is set to Vm. and voltage of a data 
electrode .which is to not emit J,ight is remains at ground, 

Consequently. when voltage Vm is applied to a data 
eieclrocie With re~l)ect to a scan eleetrode to which a vol~ge 

8 
Additionally. the positive· electrode of the second power 
source 82 is grounded via an N-channel PEI' 83 (ie.. a first 
switching device as recited in the appended claims). 

A control signal is provided to theP-chanoel PEI' 84 from 
an· input tenninal S2 via a coupling capacito.r 85. input 
protection Zener diode 86, resistor 87. and filter circuit 88. 
Additionally. a control signal is provided to the N-cbannel 
PEI' 83 from an input .terminal Sl via a filter circuit 89. 

When in the positive field. low level control signals are 
10 provided to both input terminals St alid Sl. and the 

N-channel PET 83 is switched off and the P-channel PEI' 84 
is switched on. At this time. a: 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 line 

15 L2 as an offset voltage. and a voltage Vr (=Vr-Vm+Vm) is 
outp11t to the positive electrode voltage supply line Ll from 
the positive electrode of the second power source 82. 

Additionally. voltages Vm and O V are .respectively sup-
20 plied to the data side driver IC 4 froni 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 FlG. 4. 
25 a control signal for scan side driver IC drive use is provided 

to the scan side driver !Cs 2 and3 via an isolation circuit (not 
illustrated). and line sequential scanning of the scan side 
driver !Cs is perfonned. The isolation circuit perfonns a 
level shift at a time of signal transmission between circuits 

so having differing reference potentials. and.functions to con
vey logic levels correctly. 

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 3S 
ground voltage. a vOltage of ;...Vr+Vm. which is lower than 
the threshold voltage. is _applied to the EL clement. and so 
thti EL elem·ent doeS not "emit light 

Additiounlly. display dat.:: fa output .2ccording !o ~ co::itrol 
signal from the data side driver IC 4. 

In the foregoing first embodiment. lowering 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 ~ver IC 4 as well is provided. 
The overall structure of this embodiment is shown in FIG. 
5. 

Accordingly. one cycle of display operation is completed 
by drive of the above-described positive and.negative fields. 40 

and this is perfonned repeatedly. .· 
As is understood from· ihe above-described operation, a 

voltage ofVr-Vmis applied to the scan side driver ICs 2 and 
3·in both the positive and negative fields. Consequently. the 

45 ·-uecessacy·break:down:vciltage of-the scan-side-driver I(;s 2 
and 3 can be lowered by an amount corresponding to the 
second offset voltage in comparison with prior art devices. 

In this Figure. the data voltage supply Circuit 7 selectively 
outputs four voltages· Vm. Vm-V0~. V 0z, and O Vin accor
dance with operation of switching elements 71 through 74. 
That is to say. in the positive field. switching elements 72 
and 74 are switched on and switching.elements 71.and13 are 
switched off. and voltages Vm-V02 and O V are supplied to 
the data side driver IC 4. · 

and breakdown voltage of. the scan side driver !Cs 2 and 3 Herein, the EL element emits light .when a voltage Vr is 
can be reduced. 50 ai,plied to the scan electrode and a voltage of O V is applied 

Moreover, because a· change from offset voltage Vm to to the data electrode during electroluminescence timing. 
voltage Vr for drive use is . used in the positive field. the Additionally. when a voltage of Vm-V O'J. is applied to the 
voltage change thereof can be smallCr. peak current flowing data electrode. the voltage on the EL element is Vr-Vm+ 
to the EL element can be lowered. and reliability of the EL V 0 2• which is not sufficient -for it to emit light The EL 
element can be improved. , 55 element can be set in a non-electroluminescent state by 

.. Specific structures of the scan Vo1tage_supply circuit 6 an9' establishing a voltage thereof at a voltage which is lower 
data voltage supply circuit 7 will be dcscn'bed below. A th'an aii electroluminescencC: threshold voltage of the m. 
circuit where the switches 51 and 61 can be omitted due to element. 
utilization of a power source of (Vr-Vm) is shown in FIG. Moreover. in the negative field. the switching elements 71 
4. 60 and 73 areswi:tchedon and switching elements 72and 74are 

In thiS Figure. voltage supply circuits 5 through 7 are switched off. and voltages Vm and V02 arc supplied to the 
provided with a first power source 81 having a voltage of data s.ide driver IC 4. 
Vm and a second power Source 82 having a voltage of In this case. the EL element emits light when the voltage 
Vr-Vm. and the positive terminal of the first power source of the data electrode is Vm during electroluminescence 
81 and the negative tenninal of the second power source 82 6S timing when voltage of -Vr+Vm has been applied to the 
are connected, via a P-channel FET 84 (i.e .. a second scan electrode. Additionally. voltage of -Vr+Vm-V02 is 
switching device as recited in the appended claims). applied to the EL element when voltage of the data electrode 
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is V02, but because this voltage bas·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 in a non-electroluminescent state. 

Consequently. an EL element can selectively emit light in 
a positive field. similarly to the above-described first 
embodiment. 

According to the foregoing structure. a voltage of 
Vm-V 0 2 is applied to the data side driver IC 4 in the positive 
field. Consequently, the breakdown voltage of the data side 
driver IC 4 can be reduced by an amount corresponding to 
offset voltage V 02. 

Furthermore. according to this second embodiment. low
ering of breakdown voltage with respect to both the scan 
side driver !Cs 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-(;C, when ~ of 
modulation Vm is taken as the offset voltage Vol• a differ
ential voltage applied to the EL element dllli.ng electrolu
minescence 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 electrodes are mutually per
pendicular was described. but this invention can be applied 
Al.so in a device to perform segmented display. In this case. 
it- .,is sufficient to perform control so that positive and 
·negative drive voltage pulses are applied to each segment 
Y{lth 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 field. an offset voltage Vm is applied 

10 
~o the breakdown voltage can be lowered by an amount 
corresponding to offset voltage V 0. 

Additionally. this invention can be applied also in a case 
wherein an EL element is utilized as a backlight (Le., panel 
electroluminescence). 

Furthennore. according to the above-described first and 
second embodiments, a device utilizing the FEfs 21a. 31a, 
41a. etc. as switching elements to switch the voltage applied 
to the several electrodes in the several driver ICs 2 through 

IO 4 was described. but devices other than FETs, e.g. thyristors, 
bipolar transistors. and the like. can be employed as switch
ing elements. 

Toe data voltage supply circuit 7 shown in FIG. 5 is a 
IS variation on the power source circuit shown in FIG. 10. 11rls 

circuit has a single power source 91. and is strucrured so that 
a positive electrode thereof is grounded via an N-channel 
FEr 92 (a first switching device) and a negative electtode 
thereof is grounded via a P-channel FET 93 (a second 

20 
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 FEf 92 from an 
input terminal Sl'. and a control signal is input to the 
P-channel FET 93 from an input terminal S2' via a coupling 

2s capacitor 95. Zener diodes 96 and 97 and a resistor 98 are 
provided for input protection. 

An output circuit 99 is provided in an output stage of the 
power source circuit. and output voltage thereof is applied to 
one electtode of an EL element 100. The other electrode of 

30 the EL element 100 is grounded. 
Operation of the above-described structure will be 

described hereinafter with reference to the graphs shown in 
FIGS. llA-llE. 

as a reference voltage to one electrode. together with apply- 35 
ing a voltage Vr during electroluminescence timing. and a 
ground voltage is applied to the other electrode for 
electroluminescence. or voltage Vm (or Vm-V0:i as in lhe 
second embodiment) is applied to the other electrode in a 
case of no electroluminescence. Additionally, in the negative 40 
field, ground voltage is applied as a reference voltage to one 
electrode. together with applying a voltage -Vr+Vm during 
electroluminescence timing. and a voltage Vm is applied to 
the other electrode in a case of electroluminescence. or a 
ground voltage (or voltage V02 as in the second 45 
embodiment) is applied to the other electrode in a case of no 
electroluminescence. 

High level and low level control signals are input to the 
input cenninals St' and S2', as shown in FIGS. llAand 11B. 
When the control signals are both low leVcl. the N-channel 
FET 92is switched off and the P-channel fEI' 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 is 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 and is alternatingly switched to a switch state 
ofTl orT2 at a timing shown in FIG. llE. Accompanying 

A block structure of this embodiment is shown in FIG. 7. 
In this Figure, a voltage supply circuit 140 supplies the 
foregoing voltages of Vr. Vm. and -Vr+Vm and ground 
voltage to a first drive circuit 120. and supplies the foregoing 
voltages ofVm. ground voltage. and so on to a 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 element 100. and the second 
drive circuit 130 applies the foregoing voltages to another 
electrode 106 thereof. 

In another prefCl'J'ed 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 ±VO to a drive circuit 150. 
The drive circuit 150 applies an alternating current voltage 
having offset voltage VO to another electrode of the EL 
element 100. as shown in FIG. 9. In this case. the breakdown 
voltage of the drive circuit 150 is established. by Vr-V 0, and 

so this switching. the alternating current voltage of FIG. llB 
according to ±V voltage and ground voltage is output This 
alternating current voltage is applied to one side of the EL 
element 100. and so the EL element 100 emits light 

When St' and S2' are high level. the N-channelFEI' 92is 
ss switched on. and so when Tl is on at this time. output is to 

GND. When St' and S2' go low. the P-channel PEI' 93 is 
switched on. and so Tl remains unchanged and output goes 
to V. When switching on from Tl to Tl occurs with S1' and 
S2' remaining unchanged, output goes to ground and current 

60 from the EL element load flows from T2 through the 
parasitic diode of the FEr 93 to GND. Output ti.mes (pulse 
widths) TP and TN for which voltage is output are deter
mined. according to switching timing of the switches Tl and 
T2 and change in the state of St' and S2'. 

65 A specific structure of the output circuit 99 is shown in 
FIG. 12. where the output circuit 99 has a P-channel FEI' 
99a and an N-channel FET 99b. and is structured to switch 
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on one FEf or the other and output either a positive terminal 
or a negative tenninal voltage in accordance with high level 
and low level signals (signals interlocked with control 
signals input to input terminals Sl' and S2') from input 
terminals 99c and 99d. Further. 99e and 99fin the drawing 
are parasitic diodes. 

The above-described embodiment is a device to output 
±Vas an alternating current signal, taking ground voltage as 
a reference, 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 clement 
100 can emit light similarly to the above-described embodi
ment when voltage identical to the foregoing reference 
voltage is applied to the other electrode of the EL clement. 

12 
switched on. and voltage of the scan electrode 201 is set to 
Vr. Simultaneously thereto. the switching element 76 is 
switched on and the switching element 77 is switched off. 
and power source voltage Vmis applied to the data electrode 

s of the P-channel FEf of the data side driver IC 4 which was 
switched on. i.e .. to the data electrode of the EL element 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 

10 emit light. but voltage Vr is applied to the EL element to emit 
light and the EL element emits lighL 

The timing diagram of FIG. 14I 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 FEf 41b thereof is 

15 switched on; FIG. 14M shows that the voltage of the data 
electrode 401 is 0: FIG. 14N shows that voltage Vr is applied 
to the EL element 111. and the EL element 111 therefore 
emits light. 

The circuit described above is used as an EL element 
drive circuit. but it can be applied to drive any load. 
including a load other than an EL clement. which is actuated 
by receiving positive and negative alternating current volt- 20 

age from a single output line, In this case, it is acceptable for 
the device to selectively output a created positive and 
negative voltage by push-pull operation and drive a toad. 

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 as shown in FIGS. 
14E and 14K. and switching on the N-channel FEf 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 FEI's of the data side 
driver IC 4 were switched on and the data electrodes for 

Additionally. the driver circuit describ"ed above is a push
pull device connecting a P-channel PET and an N-channel 25 

FEI'. but a push-pull driver of soldy N-channel FETs is also 
acceptable. It is also acceptable to utilize NPN and PNP 
bipolar transistors respectively in place of the N-channel 
FET 92 and P-channel PET 93. 30 which the N-chaonel FETs thereof were switched on by 

switching off the switching element 76 and switching on the 
switching element 77 is collected by the capacitor for charge 
collecting use 75 via the P-channel FEfs of the data side 
driver IC 4. 

FIG. 13 shows another embodiment of the present inven
tion in which a data voltage supply circuit 7' includes a 
charge collecting capacitor 75 and switching elements 76 
and 77. and Vm is utilized as a power source voltage. The 
charge capacity of the charge collecting capacitor 75 is 

35 
sufficiently large in comparison with charge capacity of the 
entirety of the EL display pa11el 1. 

Charge capacity of the capacitor for chru:ge collecting use 
75 is sufficiently large in comparison with charge capacity of 
the EL elements. and the voltage Vro/2 between terminals 
remains substantially unchanged. Operation in first and second fields according to this 

embodiment will be described hereinafter with reference to 
the timing diagrams of FIGS. 14A-140. Finally. voltages on all data side electrodes arc set to 

40 Vm/l by switching on all P-channel FETs of the data side 
driver IC 4. 

The charge collecting capacitor 75 is charged with a 
charge ofVm/2.. i.e .• half of modulation voltage Vrn. as an 
initial state. Titls is because an amount of capacitor charge 
accumulation converges to an equivalent of Vm/2 due to 
repeatedly pedonning drive which will be described here- 45 
inafter. 

Operatioa, 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 1,ine of the second colwnn. 
the P:channel FEf 41a of the data side driver IC 4 J.s 
switched on: as shown in FIG. 141. the N-channel FEf 41b 
thereof is switched off; as shown in FIG. 14M. the voltage 
on the data electrode 401 is set to Vm; voltage Vr-Vm is 
applied to the EL element 121 as shown inFIG.140; and the 

Initializ.ation is performed at a start of operation of this 
first field. That is to say. switching elements 51 and 62 are 
switched-on. switching elements 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. and along with this. all 
P-channel FETs of a data side driver IC 4 are switched on 
and voltages on all data electrodes are Vro/2. 

Subsequent to this initializ.ation, source voltage of the 
P-channel FEI's of the data side driver IC 4 becomes Vm/2. 
Herein. the N-channel FEI' 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 FEI' thereof is switched 
off. the P-channel FEr 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 FEr thereof is switched off. 
At this time. voltage of the data electrode of an EL element 
to emit light becomes Vm/2. 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 IC 2 
connected to the scan electrode 201 of the first column is 

so EL element 121 does not emit light. 

In the second field. initialization is first pelformed. That 
is. after electrolurninesceoce operation for all columns in the 
first field has been performed. switching elements 51 and 62 

55 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 FEfs of the data side driver IC 
4 are switched on. all data electrodes are set to ground. and 
chru:ge which is the equivalent of approximately Vm/2 

60 accumulated in all elements is discharged. Thus. the voltage 
on all data electrodes goes to zero. 

Additionally. switching element 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 

65 Vm/2., 
Herein. the N-channel 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-channcl FET thereof is switched for charge collecting use and to increase the number of 
on. the P-channel FET of the data side driver IC 4 connected stages. In this case: the effect of reduction of power con-
to the data electrode of an EL element not to emit light is sumption becomes greater as the nwnber of stages is 
switched off. and the N-cbannel FET thereof is switched on. increased, 

According to the example in FIG. 13. voltage on the data Furthennore. the abovc-descn"bed method of EL drive is 
electrode 401.is Vm/2 by switching on the P-channcl FEf of not exclusively limited to a field reversing drive method, and 
the data side driver IC 4 connected. to the data electrode 401 a field refreshing drive method may alternatively be used. 
as shown in FIG. 14M. Still further, a device wherein charge collection is per-

Next. the N-channel FEJ' 21b of the scan side driver IC 2 fonned from a data electrode side was described, but charge 
connected to the scan electrode 201 of the first column .is 10 collection from a scan electrode side is also acceptable. 
switched on as shown in FIG. 14F. and voltage of the scan Yet further. this invention is not CXclusively limited to a 
electrode 201 becomes -Vr+Vm. Simultaneously thereto. device to drive a matrix•type EL display' device, but can be 
the switching element 76 is switched on and the switching applied also to an EL display device to peJform pattern 
element 77 is switched off. and power source voltage Vm is display. 
applied to the data electrode· (data .electrode 401 or the like) 15 Yet still further. a device utilizing FErs in· the output 
Of the P.channel FEr of the data side driver IC 4 which was stages of the scan side driver ICs 2. 3. and 4 was ~scribed. 
switched on as shown in FIG. 14M. but output stages utilizing thyristors or bipolar transistors is 

At this time. voltage Vr is applied to an EL element to also acceptable. 
emit light ·and the EL element emits light .and voltage of Although the present invention has been fully described in 
Vm-Vr is applied to an·EL element not to emit light and the 20 connection with the prefen"Cd embodiment thereof with 
EL element does not emit light reference to the accompanying drawings. it is to be noted 

Thereafter: charge aci::umulated in the EL element on the that various changes and modifications will become appar-
scan electrode 201 is discharged by switching on the ent to those sldlled in the art. Such changes and-modifica· 
P·channcl FEr 21a and switching off the N.channel FET tions are to be understood as being included within the scope 
21b as shown in FIGS. t4B and 14F. 25 of the present invention as defined by the appended claims'. 

At "this time. half of the charge with which the entirety of We claim: 
the EL display panel 1 has been charged between the data 1. An EL display device comprising·: 
electrodes for which the 'P·channel FErs of the data side an EL display panel having a plurality of scan electrodes. 
driver IC 4 were switChed on and the data electrodes for a plurality of data electrodes. and a plw-ality of EL 

,, 
which the N-channel FETs thereof were switched on by 30 elements formed at intersections of said scan electrodes 
switching off the switching element 76 and switching on the and said data electrodes; 
switching element 77 is collected by the charge collecting a scan ·elec1rode drive circuit to sequentially output a scan 
capacitor 75 via the P-channel FEfs of the data side driver · voltage having a differing polarity- with each positive 
IC 4~ The charge capacity of the charge collecting capacitor a.nd negative 'field to said plurality of scan electrodes; 
is sufficiently large in comparison with the charge capacity 35 and ' · 
of the EL elements. and the voltage Vm/2 between terminals a dati electrode drive.circuit to output data voltage to said 
remains substantially unchanged. plurality of data electrodes; and 

Finally. voltages on all _data side .electrodes are set to a .voltage supply circuit for ·gCnerating Said scan voltage 
Vm/2 by switching on all N-channel FErs of the data side and said data voltage by ·supplying to said scan elec-
driver IC 4, 

40 
trade drive circuiL in said -positive field. a positive 

Operation for the scan lines of the second column and polarity scan voltage and a first off~et voltage which is 
after is similar to the foiegOing. higher than ground level; wherein 

. By performing ·drive as was described above. charge said scan electrode drive · circuit is further for setting 
collected in the charge collecting ciapacitor 75 is used to set 45 Voltages of said plurality of scan electrodes to be said 
the voltage of the data electrode 401 to be Vm/2 prior to an first offset voltage in said positive 'field. together with 
electi'oluminescence .operation at the subsequent scan line. outputting said positive .Polarity" scan voltage, to said 
COosequently. · Power conSumption occurs orily when the plurality of scan electrodes during electroluminescence 
switching.clement 72 h.ils been switched on. and an amount operation: 
of· output required fr.om the power source Vm is 50% 50 Said data voltage has a modulation voltage to determine 
compared with the prior art; that.is to say. power consump-- electroluminescelice of said plw-ality of EL elements; 
tion becomes 50% in comparison with the prior art. said first offset voltage is established at a voltage level 

According to this embodiment, power sow-ce · voltage at identical to said modulation voltage; 
the data voltage supply circuit 7 is the same voltage as said voltage supply circuit has a first power source and a 
modulation voltage Vm. and So.there is no need to create ss second power source; and , 
voltage of Vm/2 as with the device according to the prior art said voltage supply circuit includes first switching means 
shown in FIG. 15. and the power source system can be for ~onnecting a positive electrode of said first power 
simplified. source and. a negative electtocle of said second power 

The voltage applied to the scan electrodes in the above somcesothatwhensaidmodulationvoltageissupplied 
embodiment was Vr. -Vr+Vm. or 0. and the voltage applied 60 from said first power.source positive electrode to said 
to the data electrodes was Vm or 0. but this invention is not data electrode drive circuit and said first means for 
exclusively limited to such voltages. and it is acceptable. for switching has been switched on. said first offset voltage 
example. to set the voltage applied to the scan electrodes to equal to said modulation voltage and said positive 
be Vr-Vm/2 or-Vr+Vm/2 • and to set the voltage applied to polarity scan voltage are respectively supplied to said 
the data electrodes to be Vm/2 or -Vrn/2, 65 scan electrode drive circuit from said second power 

Additionally, data side applied voltage rose in two stages. source negative electrode and said first power source 
but it is also acceptable to provide_ a plurality of capacitors pClsitive electrode. 
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2. An EL display device as recited in claim 1. said voltage 
supply circuit further comprising secood switching means 
for connecting said second power source positive electrode 
to a predetermined reference voltage; 

wherein when said first means for switching bas been 
switched off and said second means for switching has 
been switched on. negative scan voltage of negative 
polarity in said negative field is supplied to said scan 
electrode drive circuit from said.second power source 
negative electrode. 1o 

3. An EL display device as recited in claim 2. wherein: 
said predetennined reference voltage is ground voltage; 

and 
said negative polarity scan voltage is established at a 

voltage obtained by subtracting said positive polarity 15 
scan voltage from said modulation voltage. 

4. 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 fonned at intersections of said scan electrodes 20 
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 25 

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 to said scan elec
trode drive circuit, in said positive field. a positive 30 

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 35 
outputting said positive polarity scan voltage to said 
plurality of scan electrodes during electrolwninescence 
operation; 

said data v.oltage has a modulation voltage to determine 
electrolurninescence of said plurality of EL elements: 40 

and 
said voltage supply circuit is for supplying said modula

tion voltage and a second offset voltage which is higher 
than ground level to said data electtode drive circuit as 45 
!:aid d..a:ta voltage in said negative field. 

S.AnELdisplaydevice 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- 50 
trode drive circuit as said data voltage. 

6. An EL display device comprising: 
an EL display panel having a plurality of scan electrodes. 

a plurality of data electrodes. and a plurality of BL 
elements fonned at intersections of said scan electrodes 55 
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; 

"' 
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 65 

polarity scan voltage and a first offset voltage which is 
higher than ground level; 

16 
first switching means for setting a power source voltage to 

be applied to an E.. 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 element 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 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 electrolwnineS
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 BL 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 lin::orrespc:::de:::ce 
with an alternation in positive and negative field 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 setting 
voltages of said plurality of scan electrodes to be said 
first uffset voltage in said positive ·field. together· with 
outputting said positive polarity scan voltage to said 
plurality of scan electrodes doing electrbluminescence 
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 EL 
elements to selectively emit light; and 

said voltage supply circuit supplying said modulation 
voltage to said data electrode drive circuit. said voltage 
supply circuit including first switching means for sup
plying said modulation voltage during clectrolwnines~ 
cence drive of said EL element, a charge collecting 
capacitor. and a second switching means for charging 
of said EL element via said data electrode drive circuit 
by a charge collected by said capacitor for charge 
collecting use prior to electrolwninescence 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 electrolwninescence drive of said EL ele
ment. 
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9. An FL display device comprising: 
an EL display panel having a plurality of scan electrodes. 

a plurality of data electrodes. and a plurality of EL 
elements are formed at intersections of said scan elec-
trodes and said data electrodes; s 

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 IO 
plurality of data eleclrOdes; and 

a voltage supply circuit for generating said scan voltage 
and said data voltage by supplying a modulation volt
age to detennine clectroluminesccnce of said plurality 15 
of EL elements and an offset voltage which is higher 
than ground level to said data electrode drive circuit; 

wherein said data electrode drive circuit, in said negative 
field, with respect to a data electrode of an EL element 
caused to be in an electroluminescent state. is further 20 
for setting a voltage thereof to be said modulation 
voltage. and with respect to a data electrode of an EL 
element caused to be iD a non-electroluminescent state. 
is further for setting a voltage thereof to be said offset 
voltage; 2s 

said voltage supply circuit is for supplying a voltage 
lower than said modulation voltage by an amount 
corresponding to said offset voltage and ground voltage 
to said data electrode driv.e circuit as said data voltage; 
and 30 

said data electrode drive circuit. in said positive field. with 
respect to a data electrode of an m.. element 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 m.. element caused to be in a 3S 

non-electroluminescent state. is for setting a voltage 
thereof to be a voltage lower than said modulation 
vol~age by an amount corresponding to said offset 
voltage. 

10. An El. display device having an EL clement. said 40 
device comprising: 

a first drive circuit to output 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 45 

alternating positive and negative polarity is applied 
between said first and second electrodes. said first and 
second electrodes forming a pair of electrodes; 

wherein said device further comprises a voltage supply 50 
circuit for generating a voltage required to generate 
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 

55 
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 least a threshold voltage 60 
for causing said m.. clement to emit light, 

said first off set voltage is such that. in a relationship with 
said second drive voltage. voltage applied between said 
pair of electrodes becomes lower than a threshold 
voltage. 65 

said voltage supply circuit is further for supplying a 
modulation voltage to generate said negative polarity 

18 
drive voltage pulse and a second offset voltage which 
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 said pair 
of electrodes 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 through a pair of 
power supply lines and sequentially output a data 
voltage: 

wherein a positive terminal of said first power supply is 
connected to a negative terminal of said second power 
supply with a first switch interposed therebetween, 

a negative terminal of said first power supply is connected 
to a positive tenninal of said second power supply with 
a second switch interposed therebetween. 

an operational cycle of said display device includes a 
positive field and a negative field. one of said first and 
second switches being turned on alternately in each of 
said positive and negative fields. 

12, An EL display device comprising: 
an EL display panel having a plurality of scan ele.ctrodes, 

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 cocrespondence 
with an alternation in positive and negative fields of an 
operational cycle of said device to said plurality of scan 
elec1rodes: 

a data eleclrode drive circuit to output a data voltage to 
said plurality of data eleclrodes; and 

a voltage supply circuit for generati.Dg 'said scan voltage 
and said data voltage by supplying to said scan elec
trode drive circuit. in a pre-determined field, a scan 
voltage with predetermined polarity scan voltage and a 
first offset voltage which has a pre-detennined 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 
eleclroluminescence operation. 

said data voltage has a modulation voltage to dete:miliie 
electrolwninescence 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 bas a first power source and a 
second power source, and 

said voltage supply circuit includes first switching means 
for coru1ecting a positive electrode of said first power 
source and a negative eleclrode of said second power 
source so that when said modulation voltage is supplied 
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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
mined 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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[57] ABSTRACT 

An emitting element driving circuit for driving an organic 
emitting element comprises at least one emitting clement. 
and a rectifier directly connected in series to the emitting 
element. The driving circuit for driving an emitting element 
having a capacitor in parallel to an emission part in its 
electrical equivalent circuit capable of achieving a sufficient 
luminance even at a low voltage of the power supply during 
a high speed scanning driving. 
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DRIVING cmcurr FOR AN ORGANIC 
ELECTROLUMINESCENT ELEMENT USED 

IN A DISPLAY . 

2 
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 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 quantum efficiency of the EL clement Therefore. when the 
quantwn efficiency of the EL element is constant, the 
average lwninance of the emitting element is p.fOportional to 
all of the amount of electric charge injected into the EL The present invention relates to an emitting element 

driving circuit for driving an emitting element. and particu
larly to an emitting element driving circuit for driving an 10 
emitting element having a capacitor in parallel to an emis
sion part represented by an electrical equivalent circuit 
thereof. 

2. Description of the Related Art 

element during one scanning of AC current 
FIG. 9 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 
arrangement of the nwnber of N x N (only four elements 

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 
element 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-hole trans
port layer 104 which are layered between the cathode and 
the anode. 

15 appear in F1G. 9) 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 ti.me 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 

20 sequentially scan the nwnber of N of the EL element row 
(verticalJ thereby to emit light. In addition, numeral 112 
denotes an externaL resistor used for applying an inverse 
voltage to the EL elements during the scanning in order to 

In the organic EL emitting device. a glass substrate 105 is 
furnished outside the transparent anode 102. A power supply 25 
106 provides electrons and positive-hole to the organic EL 
emitting device. Toe 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 em.it light when they are deactivated 30 

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 electrodes 
and organic fluorescent substance layers and so on. JS 

FIG. 7 shows the electrical equivalent circuit of the 
organic EL emitting element where numeral 107 denotes an 
emission part of constant-voltage element. numeral 108 
denotes an internal resistor. and 109 denotes a capacitor. As 
seen from the figure. the capacitor 109 is connected to the 40 

emission part 107 and the internal resistor 108 in parallel. 
Assuming that a matrix array of the organic EL emitting 

elements is driven through the AC driving method with a 
pulse current in the fonn of scanning, a voltage-waveform 

45 
generated from the emitting element will be described, 

F1G. 8 shows a voltage-waveform before and after scan
ning the emitting element through the AC driving method. 

The ordinate of FIG. 8 denotes a voltage value across the 
electrodes of the emitting element and the abscissa denotes 50 
ti.me. In F1G. 8. numeral 110 denotes a scanning duration. 
and numeral 111 denotes a charging duration for the capaci-

prevent an erroneous emission of the EL elements. The 
numeral 113 denotes a power supply for the whole driving 
circuit 

The conventional organic EL emitting element is con
structed as mentioned above and used for a displaying 
device containing the orgllnic EL emitting element. 

However. such an emitting element driving circuit with 
the slmple matrix arrangement for the organic EL emitting 
elements has a problem that the instantaneous emission 
luminance of each EL element during the scanning inaeases 
in proportion to the number of the scanning lines per one 
scanning in case that a predetermined desired luminance is 
given through the AC driving method. so that the m. 
emitting element is deteriorated or broken. In addition, the 
higher forward voltage increases, the higher the current 
flowing in the EL element increases in such a driving circuit 
As a result, this causes the elevation of the power supply 
voltage for driving the emitting elements. and thus the 
number of the scanning lines are limited insufficient to 
achieve a ltigh resolution for a displayed image. 

SUMMARY OF THE INVENTION 

,::hus. the present invention has been made to solve such 
a problem in view of the forgoing status. An object of the 
invention is to provide a driving circuit for driving an 
emitting element having a caJiacitor in parallel to an emis
sion part. in its electrical equivalent circuit capable of 
achieving a sufficient luminance even at a constant voltage 
of the power supply during a high speed scanning driving 
and to prevent the emitting element from deteriorating or 

tor 109 of the EL element. In addition. VF denotes a forward 
voltage at a peak emission decided by the static character
istic. 55 being broken by lowering instantaneous luminance of the 

emitting element As seen from the figure. the cUtTent injected to the 
emitting element during the scanning is conswned 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 60 
element to prevent an erroneous emission due to the 
crosstal.k. 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 65 
luminance of the emitting el-ement is. proportional to the 
level of the forward current injected to the emission part 107 

The present invention set forth in claim 1 is an emitting 
element driving circuit for emitting an emitting element 
comprising a rectifier directly connected in series to the 
emitting element. per one emitting element 

According to the present invention. the rectifier connected 
in series to a capacitor. which is connected in parallel to an 
emission part in the electrical equivalent circuit of the 
emitting element. prevents from extracting the electric 
charge charged in the 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 and 
destruction of the EL element are prevented. 

Io case that the emitting clement driving circuit of the 
present invention is used in the displaying device with a 
simple matrix circuit driven with a short scanning period, the 
elevation of the instantaneous luminance 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. 

Other and further features, advantages and benefits of the 
invention will become 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 exemplacy and explanatory 
but are not to be restrictive of the invention. The accompa· 
nying drawings which are incorporated in and constitute a 
part of' tfiis iil.VenUOn antt.· rogetller with the- description.; 
serve to explain the principles of the invention in general 
terms. Like numerals refer to like parts throughout the 
disclosure. 

BR1EF DESCRIPTION OFTIIE 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 showing a voltage· 
waveform before and after scanning the emitting element 
through the AC driving method in accordance with the 
present invention; 

FIG. 3 is a graphkal reprcseDtation showing a voltaic-
waveform generated across the EL element driven at a high 
speed by an emitting element driving circuit in 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 spec~ by an emitting element driving 
circuit 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 voltage· 
waveform before and after scanning the emitting element 
through the AC driving method; and 

FIG. 9 is an electrical equivalent circuit diagram of the 
displaying device using the emitting element driving circuit 

D!ITAILED DESCRIPTION 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 S. 

4 
from the figure. the capacitor 109 is connected to the 
emission part 107 and the internal resistor 108 in parallel in 
the organic EL emitting element In addition, numeral 2 
denotes a rectifier such as a rectification diode or the like 
which is connected in series to the emitting element 1. Both 
the emitting element 1 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 

10 tluough the AC driving method with a pulse curre"nt in the 
fonn of scanning driving. a voltage.waveform generated 
from the emitting element will be described. 

FIG. 2 shows a voltage.waveform before and after scan~ 

15 
o.ing the emitting element through the AC driving method. 

The ordinate of FIG. 2 denotes a voltage value appearing 
across the electrodes of the emitting element and the 
abscissa denotes time. In FIG. 2, numeral 3 denotes a 
scanning duration. and numeral 4 denotes a charging dura· 

20 
tion for the capacitor 109 of the EL emitting element 1. 
Numeral S denotes- a discharging- dur.ation for th6 oapacitoi: .. 
109 of the EL emitting element 1. In addition. VF denotes a 
fonvard voltage at a peak emission decided by the static 
characteristic. As seen from the figure, the applied focward 

25 voltage injects the current to the emitting element during the 
~canning of the emitting element driving circuit. The 
injected current is consumed 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 emission part 107 starts to 30 emit light at the fonvard voUag"e level (VF shown in FIG. 2). 
After the scanning duration 3, an inverse voltage is applied 
across the emitting element 1. but the rectifier 2 functioning 
as a valve prohibits the injection of the inverse current At 

35 this point the emitting element 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 part 107, so that lhe emission of the emitting 
element l continues during the discharging duration 5. As a 

40 result. the average lwninance of the EL. element per one 
scanning increases by the level of the remaining electric 
charge of the capacitor 109 in comparison with the conveo· 
tional device at a low speed scanning. 

Furthermore. in case that the number of scanning per a 
45 unit time in the emitting element driving circuit is increased 

i.e .• 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 last scanning finishes flowing into the 
emission part. As a result. the EL element continues to emit 

50 light 
In this case of at a high speed scanning, since the 

switching interval of the current is shorter than the charging 
duration of EL element. one part of the current flowing into 
the EL element is conswned by the electric charging of the 

55 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 fonvard voltage VF decided by the static characteristic 
of the EL element 

60 
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 
numeral 1 denotes an emitting element such as an organic 
EL emitting element. and numeral 107 denotes an emission 65 
part of constant·Voltage element. and nwueral 108 denotes 

FIG. 4 shows variations of instantaneous emission lwni· 
nance with respect to time in which tlie lwninance curve 8 
is at a high speed scanning of the EL element and the 
luminance curve 9 is at a low speed scanning of the EL 
element. The peak of the high speed lwninance cwve 8 does 
not reach at the peak. level of the high speed instantaneous 
emission luminance (LP shown in FIG. 4). The average 

an internal resistor. and 109 denotes a capacitor. As seen emission luminance of the high speed curve 8 is substan~ 
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tially maintained at a constant regardless of the scanning 
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 

6 
used for the next emission scanning. so that the emission 
efficiency is improved. Therefore, the power supply voltage 
to be applied to the emitting element for a desired luminance 
is saved. Therefore. the present invention adapted into the 
displaying device secures a sufficient emission duration 
without using a circuit' having a memory characteristic such 
as a thin film transistor ('IFI'). Moreover. the present inven
tion adapted into the displaying device with a simple matrix 
construction of emitting elements may easily drive a display 

Next, an operation of a displaying device comprising 
organic EL emitting elements according to the present 
invention will be described with reference to FIG. 5. FIG. 5 
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. ID the figure. nwnerals 1 denote organic EL 
emitting elements. and numerals 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 nwnber of N x N (only four elements 
appear in FIG. 5) 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 scan the number 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 elements during the scanning in order to 
prevent an erroneous emission of the EL elements. The 
numeral 113 denotes a pawer supply for the whole driving 
circuit 

0 
panel with a high duty ratio. 

1 
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 element is saved 
at a low level. Further. the deterioration and destruction of 

15 
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 does not cause the 
instantaneous luminance of the EL element rising. 
Therefore. the number of the scanning lines may be 

20 increased to achieve a high resolution for a displayed image. 
In addition. when that the present invention is u_sed for the 

displaying device with a dot matrix circuit. the gray scale 
representation may be easily achieved by a pulse density 

25 
moderation 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 been expressly disclosed and 
illustrated. but that instead the scope of the teaching of this 

30 invention should be read as being commensurate with the 
scope of the claims that follow. :·The higher scanning speed of the displaying device is 

i'aised 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 result 
the EL element continues to emit light. Therefore. any 
electric 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 emission of the EL element. so that the emission effi
ciency is ,improved. In addition. since the peak luminance of 40 
each EL element becomes close to the average luminance. 
the electric load to the emitting element is reduced. so that 
the life of the EL element increases greatly. Furthermore. the 
peak voltage to applied to the EL element is managed to the 
average voltage required for the average lwninance. 45 
Therefore. the dlsplaying device comprising organic EL 
emitting 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 50 
supply 113 as shown in FIG. 9. i.e .. the consumption power 

What is claimed is: 
1. An emitting element driving circuit {or driving an 

emitting element comprising: .' 

35 at least one organic electroluminescent emitting element, 

is saved and the destruction of the EL element due to 
overvoltage is prevented. 

In addition to the above embodiment in which the emit
ting element driving circuit drives the organic EL emitting ss 
elements. the present invention may be adopted 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 parallel to an emission part in its 60 
electrical equivalent circuit. 

and ... 

a rectifier directly connected in series 'to said emitting 
element. wherein said emitting element has a capacitor 
in parallel to an emission part in its electrical equivalent 
circuit. 

wherein. immediately after a scanning duration with a 
forward bias to the emitting element and the rectifier. an 
inverse voltage is a'pplied across the emitting element, 
and said rectifier prohibits injection of an inverse 
current to the emitting element so that emission of the 
emitting element continues during a discharge period. 

2. An emitting element driving circuit according to claim 
1 wherein a plurality of the emitting clements are used for 
a displaying device so as to be constructed with a matrix 
arrangement array having a nwnber of scanning Jines and 
vertical row lines to fonn plural crossover points at which 
the emitting clements are connected to the scanning lines 
and vertical row lines respectively. 

3. An emitting element driving circuit according to claim 
2 wherein said matrix arrangement array 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 elements is an organic 
electroluminescent element comprising a cathode of a metal
lic electrode. an anode of a transparent electrode, and an 
organic fluorescent thin film of an organic compound layer 
and an 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 

According to the present invention set forth in claim 1. the 
rectifier connected in series to a capacitor in parallel to an 
emission 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 

6S direction thereof to said organic electroluminescent element 
5. An emitting element driving circuit for emitting ele

ments with a simple matrix arrangement comprising: 
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organic electroluminescent emitting elenient arranged in a 
simple matrix each having a cathode and an anode and 
a capacitor in parallel 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 voltitge thereto; 

scanning lines cro-ssing apart from said vertical row lines 
. to fonn plural crossover points at which the emitting 

elements are disposed respectively and each connect-
10 

able to a switch used for applying an inverse voltage to 
the emitting elements; and 

8 
at least one rectifier directly connected in series and in a 

forward direction thereof to each of said emitting 
elements between respective ones of said vertical row 
lines and scanning lines. wherein, immediately after a 
scanning duration with a forward bias to the emitting 
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 element continues 
during a discharge period. 

* * * * * 

,• 

I 
l' 
f 
i 

T 
! 

IPR2020-01059 
Apple EX1002 Page 275



1 , . 
.I 

p 

)13-:;C-t 

)6/1707 
AU 2~15 

United States Patent 
Yamauchi et al. 

:X 

[19] 

[54] THIN FILM TRANSISTOR, ORGANIC 
ELECTROLUMINESCENCE DISPLAY 
DEVICE AND MANUFACTURING METHOD 
OF THE SAME 

[75) Inventors: Yukio Yamauchi. Kanagawa; Michio 
Arai. Tokyo. both of Japan 

[73] Assignees: IDK Corporation. Tokyo; 
Semiconductor Energy Laboratory 
Co., Ltd •. Kanagawa. both of Japan 

[21] Appl. No.: 617,121 

[22] Filed: Mar. 18, 1996 

[30] Foreign Application Priority Data 

Mar. 24, 1995 [JP] Japan .................................... 7-065943 

[51] Int Cl,6 ............................... HOlJ 1162; HOIJ 63104; 
G09G 3110 

[52] U.S. Cl ........................... 3131504; 3131506; 3131509; 
3151169.3; 3151169.1 

[58] Field of Search ..................................... 313/504-509. 

[56] 

3131511. 512; 3151169.1. 169.3; 4281917; 
2571501. 506. 508 

References Cited 

U.S. PATENT DOCUMENTS 

4,266,223 5/1981 Frame ................................. 313/505 X 

113 

I IIIII IIIIIIII Ii lllll lllll lill lllll fflll lllll lllll lllll llllll Ill lllll llll 
US005640067A 

[HJ Patent Number: 

[451 Date of Pateut: 

5,640,067 
Jun. 17, 1997 

5.384,517 1/1995 Uno ..................................... 313/504 X 

Primary Examiner-Richard Chilcot 
Assistant Examiner-Mack. Haynes 

[57] ABSTRACT 

An organic 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. Each of 
the transistors includes an acli.ve 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 containing equal to or 
less than 50 attn % of nitrogen or titaniwn. inserted between 
the source electrode and the source region of the active layer. 
and a second barrier metal layer of titaniwn nitride contain· 
ing equal to or less than 50 abn. % of nitrogen or titanium. 
inserted between the drain electrode and the drain region of 
the active layer. 

14 Claims, 3 Drawing Sheets 
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THIN FILM TRANSISTOR, ORGANIC 
ELECTROLUMINESCENCE DISPLAY 

DEVICE AND MANUFACTURING METHOD 
OF THE SAME 

FIELD OF THE INVENTION 

The present invention relates to a thin film transistor used 
in an organic electroluminescence (EL) display device, the 
organic EL display device and a method of manufacturing 
the organic EL display device. 

DESCRJPITON OF THE RELATED ART 

In an organic EL display device. many of organic EL 
elements arc arranged in matrix on a substrate. Each of the 
EL elements. namely a pixel (picture element), consists of a 
transparent electrode layer. an organic EL layer and an upper 
electrode layer. At least one thin film transistor for control
ling current applied to the EL element is electrically con
nected to this EL element 

In general. each of the thin film transistors has a silicon 
active Jay er with a source region and. a drain region. and 
source and drain eleclrodes of aluminum material to be 
electrically connected to the source and drain regions. 
respectively. In the conventional thin fi1m transistor, barrier 
metal layers made of chrome material are inserted between 
the silicon active layer and the source and drain electrodes 
so as to prevent silicon atoms in the silic:on 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 elute 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 EL display device to extremely 
lower. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 

2 
Thus. according to the present invention, a thin film 

transistor which is fanned in an organic EL display device 
having a substrate and a plurality of organic EL elements 
Conned on the substrate is provided. 11tis transistor used to 

5 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 

10 electrode of aluminum material electrically coupled to the 
drain region formed in the active layer, an insulation layer 
Conned on the active layer. a gate electrode formed on the 
insulation layer. a first barrier metal !ayer of titanium nitride 
containing equal to or less than 50 atm % of nitrogen or 

15 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 oflhe active 

20 layer. 
According to the present invention. also, an organic EL 

display device having a substrate. a plurality of organic EL 
elements formed on the substrate and a plurality of thin film 
transistors formed on the substrate is provided. The transis-

25 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 
region being formed in the active layer, a source electrode of 

30 aluminum material electrically coupled to the source region 
fonned in the active layer. a drain electrode of alwninum 
material electrically coupled to the drain region formed in 
the active layer. an insulation layer fanned on the active 
layer. a gate electrode fonned on the insulation layer, a first 

35 barrier metal layer of titanium nitride containing equal to or 
less lb.an 50 atrn % of nitrogen or made of titaniwn. 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 

40 or made of titanium. inserted between the drain electrode 
and the drain region of the active layer. 

Since the barrier metal layers in the current control thin 
film transistors .maoged nearest to the respective organic EL 
elements are made of titanium nitride containing equal to or 

4S less than 50 atrn % of nitrogen or made of titanium. oo 
elusion of the barrier metal layers occurs resulting no 
short-circuit nor disconnection in the organic m. display 
device. to keep high reliability of the organic EL display 
device. 

It is preferred that each of the organic EL elements 
includes a transparent electrode layer formed on the 
substrate. an organic EL layer fanned on the transparent 
electrode layer and an upper electrode layer formed on the 
organic EL layer. the transparent electrode being electrically 

a thin film transistor used in an organic EL display device. 
the organic EL display device and a method of manufacrur- so 
ing the organic EL display device. whereby short-circuit and 
disconnection in the organic EL display device due to 
elusion of the barrier metal material of the thin film tran
sistors can be prevented from occurring to keep high reli
ability of the organic EL display device. ss coupled to a conductive lead of aluminum material. and lb.at 

each of the organic EL elements further includes a contact 
metal layer of titanium nitride containing equal to or less 
than 50 attn % of nitrogen or made of titanium. inserted 

According to careful study by the inventors of this 
application. it has come out that the aforementioned short
circuit and disconnection are caused by movement of ion
ized chrome to the organic EL elements. The .ioniz.ation of 
the chrome and the movement of the ionized chrome will be 60 
occurred due to moisture provided from the organic El.layer 
made ofhighhydroscopic material and due to relatively high 
DC current (bias current) continuously flowing through the 
cuaent control thin film transistors connected to the EL 
elements and through switching thin film transistors con- 65 
nected to and for driving the respective Cllll'Cnt control 
transistors. 

between the transparent electrode layer and the conductive 
lead. The above-mentioned conductive lead may be con
nected to the drain electrode. 

Since both the barrier metal layers in the current control 
thin film transistors and the contac;t 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 SO attn % of Dittogen or 
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made of titanium will result tight and stable contact between 
the respective conductive leads of aluminum and the respcc. 
tive transparent electrode layers. 

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. According to the present invention. furthennore. 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 second tbin film tran
sistors fonned on th~ substrate is provided. The :first tran
sistors are connected to the respective EL elements for 
controlling CUireot applied to the respective elements. and 10 
the second transistors are connected to the respective first 
transistors for switching the respective first transistors. Each 

BRIEF DESCRIPTION OFTIIE DRAWlNGS 

F1G. 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 apart of the embodiment 
shown in FIG. 1; 

FIGS. 3a to 3d show sectional views of a part of manu
facturing steps of the EL display device according to the 
embodiment shown in FIG. 1; and 

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. 15 
a source electrode of alwninummaterial electrically coupled FIG. 4 shows a circuit diagram of the EL display device 

shown in FIG. 1. to the source region formed in the active layer. a drain 
electrode of aluminum material electrically coupled to the 
drain region fanned in the active layer. an insulation layer 

· formed on the active layer, a gato 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 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. 

It is preferred that each of the organic m.. elements 
includes a transparent electrode layer formed on the 
substrate, an organic BL layer formed on the transparent 
electrode layer and an upper electrode layer formed on the 
org:utic EL layer. tho transparent electrode being .electrically 
coupled to a conductive lead of aluminum material. and that 
each of the organic m.. elements furthei includes a contact 
metal layer of titanium nitride containing equal to or less 
than 50 atm % of nitrogen or made of titaoiwn. inserted 
between the transparent electrode layer and the conductive 
lead. The aOOve-mentioned conductive lead may be con
nected to the drain electrode. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

2.o·· Fici. 1 shows an.Organic.electroluminCscence (EL) ele
ment and a current control 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 

25 invention. 
In FIG. 1. a reference numeral 101 denotes a transparent 

substrate such as a quartz substrate. On the substrate 101. 
many of the organic EL elements and their peripheral circuit 
elements such as current control thin film transistors. switch-

30 ing thin film transistors for switching the respective current 
control transistors. another thin film transistors which con
stitute peripheral driving circuits and capacitors are formed. 

Each of the current control thin film transistors is sub
stan.tially constituted by an active silicon layer 102 formed 

35 on the substrate 101. a gate oxide layer of Si02 103 formed 
on a central 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 

40 conductive lead of aluminum material 114. The gate elec
trode 104 can be made of aluminum material instead of the 
phosphorous doped polysilicon. In the active silicon layer 
102. a source region 105. a channel region 106 and a drain 

According to the present invention. also, a method for 
manufacturing an organic EL display device having a plu
rality of organic EL elements and a plurality of thin film 
transistors fanned on a substrate is provided. Each of the 
organic EL elements and the thin film transistors is manu- 45 
factured by the steps of depositing an active layer of 
semiconductor material on the substrate. fonning a source 
region and a drain region in the active layer. fanning a gate 
insulation layer on the active layer. forming a gate electrode 

region 107 are formed. To the source region 10S of the active 
silicon layer 102. the source electrode and conductive lead 
113 is electrically coupled via .a barrier metal layer of 
titanium nitride which contains 10 attn % of nitrogen 110. 
Also. to the drain region 107 of the active silicon layer 102. 
the drain electrode and conductive lead 114 is electrically 

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 fonn contact holes on the 
so_urce and drain regions of the active layer and organic EL 
element fanning region. forming a transparent electrode 
layer in the organic EL element forming region on the 
substrate. simultaneously forming first and second barrier 
metal layers and a contact metal layer of titanium nitride 
containing equal to or less than 50 aun % of nitrogen or 
made of titanium. the first and second barrier metal layers 
being fanned 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, fanning source 
and drain electrode and a conductive lead of aluminwn 
material on the first and second barrier metal layers and the 
contact metal layer. respectively. forming an organic EL 
layer on the transparent electrode layer, and fanning an 
upper electrode layer on the EL layer. 

so coupled via a barrier metal layer of titanlwn nitride which 
contains 10 alID % of nitrogen 111. An insulation interlayer 
of Si0:1 108 is formed between the active silicon layer 102 
and the conductive leads 113 and 114 and between the gate 
electrode 104 and the banier metal layers llO and 111. 

ss E.ach of the organic EL elements is substantially consti-
tuted by a transparent electrode layer of rro (Indium Tin 
Oxide) 109 formed on the substrate 101. an organic &.layer 
115 formed on the transparent electrode layer 109. an upper 
electrode layer of a magnesium film including silver mate-

60 rial 116 formed on the &. layer 115 and a common electrode 
of aluminwn material 118 formed on the upper electrode 
layer 116. The transparent electrode layer 109 is electrically 
coupled to the drain conductive lead 114 via a contact metal 
layer of titanium. nitride which · contains 10 atm % of 

65 nitrogen 112. A protection layer of Si02 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 
preferred embodiment of the organic EL display device 
according to the present invention. 

Each of the switching thin film transistors is substantially 
constituted by an active silicon layer 202 formed on the 
substrate 101. a gate oxide layer of Si02 203 formed on a 
central region of the active" silicon layer 202. a gate electrode 
of phosphorous doped poly silicon 204 laminated on the gate . 
oxide layer 203. a source electrode and conductive lead of 
alwninwn material 213 and a drain electrode and conductive 10 
lead of aluminum material 214. The gate eleC:trode 204 can 

6 
these layers. Then, this deposited titanium nitride film is 
etched to simultaneously form a barrier metal layer of 
titanium nibide 110 on the source region 105, a barrier metal 
layer of titanium nibide 111 on the drain region 107 and a 
contact metallayer of titanium nibide 112 on the transparent 
electrode layer 109, respectively. 

It will be apparent that barrier metal layers of titanium 
nibide in the switching thin film transistor and in the another 
thin film transistors which constitute peripheral driving 
circuits of the EL element can be simultaneously formed in 
this process. 

Then, as shown in FIG. 3c, an aluminum film with a 
thickness of 6000 Angstrom is deposited by for example 
sputtering to cover all of these layers and the deposited 
aluminum film is etched so as to form a source electrode and 
conductive lead 113 and a drain electrode and conductive 
lead 114. Thus. the source electrode and conductive lead of 
aluminum 113 is electrically coupled to the source region 
105 of the active silicon layer 102 via the banier metal layer 
of titanium nibide 110. and also. the drain electrode and 
conductive lead of aluminum 114 is elecbically coupled to 

be made of alwninum 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 15 
202, the source electrode and conductive lead 213 is elec
trically couple.d via a barrier metal layer of titanium nibide 
which contains 10 atm % of nitrogen 210. Also. to the drain 
region 207 of the active silicon layer 202. the drain electrode 
and conductive lead 214 is electrically co.upled via a barrier 20 
metal layer of titanium nitride which contains 10 atm % of 
nitrogen 211. An insulation Interlayer of Si02 208 is fonned 
between the active silicon layer 202 and the conductive 
leads 213 and 214 and betv.reen the gate electrode 204 and 
the barrier metal layers 210 and 211, 

the drain region 107 of the active silicon layer 102 via the 
barrier metal layer of titanium nibide 111 and to the trans
parent electrode layer 109 via the contact metal layer of 

25 titanium nibide ll2. 
Referring to FIGS. 3a 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 30 

which constitute peripheral driving circuits of the EL ele
ment will be the same as following processes of the current 
control thin film transistor. 

As shown in FIG. 3a, on a transparent substrate 101 such 
35 

as a quartz substrate, a glass substrate or a ceramic substrate. 
an active silicon layer 102 with an island shape is fonned by 
depositing an amorphous silicon layer by a CVD (Chemical 
Vapor Deposition) method. annealing the deposited amor
phous silicon layer to form a polysilicon layer (solid-phase 40 
growth). and then performing patterning process of the 
polysilicon layer. 

Then. on the active silicon layer 102, a gate oxide layer of 
Si02 103 and a gate electrode of phosphorous doped poly
silicon 104 are fonned in lamination. The gate electrode 104 45 
can be made of aluminum material instead of the phospho
rous doped polysilicon. Thereafter. a source region 105. a 
channel region 106 and a drain region 107 are formed in the 
active silicon layer 102 by an ion doping method. In this 
embodiment. dopant is for example P and the gate electrode 50 
104 is used as a mask for the doping process. Then. to cover 
all of these layers. an insulation interlayer of Si02 108 is 
deposited. 

Theil. contact holes are formed by etching the insulation 
interlayer 108 at the source region 105 and at the drain ss 
region 107. Also, by this etching process. the insulation 
interlayer 108 in a region for fanning the EL element is 
removed. 

Then. an transparent conductive film of rro. ZnO or SnO 
is sputtered to form an transparent electrode layer 109 in the 60 
EL element fonning region on the substrate 101. 'Without 
removing the insulation interlayer 108 from the EL element 
fonning region, the transparent electrode layer may be 
formed on this insulation interlayer 108 not directly on the 
substrate 101. Thereafter. a titanium nitride film consisting 65 
nitrogen of 10 abn % with a thickness of 100 to 1000 
Angstrom preferably 500 Angstrom is deposited on all of the 

Then, as shown in FIG. 3d, an organic EL layer 115 and 
an upper electrode layer of a magnesium film including 
silver material 116 are formed in the EL element forming 
region on the transparent electrode layer lO!J by vapor 
deposition methods using a metal mask. Thereafter, on these 
layers. a protection layer of Si02 117 is, deposited and a 
contact hole is etched on the upper elec.trode layer 116. 
Finally. a common electrode of aluminum.material 118 is 
deposited on all of the matrix portion of, the organic EL 
display device. ·.:i' 

In the aforementioned embodiment. itis described that the 
barrier metal layers 110 and 111 and the contact metal layer 
112 are made of titanium nibide containing 10 abn % 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 titanium nibide material is selected to a value 
equal to or less than 50 atm %. preferably 5 to 15 ann % for 
obtaining both good stability and electrical conductivity. 

According to the present invention. since the barrier 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 abn % of 
nitrogen. 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. Fwthennore. since both the barrier metal 
layers in the current control thin film transistors and the 
contact metal layer in the organic EL elements are simulta
neously manufactured in the same process. manufacturing 
cost can be decreased. Of course. the contact metal layers of 
titanium nibide containing equal to or less than 50 atm % of 
nitrogen 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 CUII'ent control thin film transistors and the 
contact metal layers in the respective organic EL elements 
can be made of titanium. Thus. no elusion of the barrier 
metal layers occurs resulting no short-circuit nor disconnec-
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tion in the organic EL display device to keep high reliability 
of the organic m.. display device. Furthermore. if both the 
barrier metal layers in the current control thin film transis
tors and the contact metal layer in the organic EL elements 
can be simultaneously manufactured in the same process. 5 
manufacturing cost can be decreased. Of course. the cont.II.ct 
metal layers of titanium will also result tight ·and stable 
contact between the respective conductive leads of aluini
nwu and the respective transparent electrode layers. 

As shown in FIG. 4. the organic EL display device 10 
according to the embodiment shown in FlG. 1 is constituted 
by X-direction signal lines 4011• 4012 •••• , Y-direction 
signal lines 4021• 4022 ••••• power supply lines (Vdcl) 4031, 

4032 •••• , switching thin film transistors 4041• 4042• 4043 , 

4044 •••• , current control thin film transistors 4051• 4052• 15 
4053 • 4054 ••••• organic EL elements 4061• 4062 • 4063 • 4064, 

...• capacitors 4071• 4072 • 4073 • 4074 ••••• a X·direction 
peripheral drive circuit 408 and a Y·direction peripheral 
drive circuit 409. 

Each of the pixels of the EL display device is specified by 20 
one of the X·direction signal lines 4011• 4012 ••• , and one 
of the Y·direction signal lines 4021• 4022 ••••• If a signal 
coITesponding to picture data is applied to the X·direction 
signal line 4012 and Y·dircction scanning signal is applied to 
the Y-direction signal line 4021, the switching transistor 25 
4042 in the specified pixel turns on. Thus, the cwrent control 
transistor 4052 controls current flowing from the power 
supply line 4032 into the organic EL clement 4062 in 
accordance with the picture data causing corresponding light 
emission from this EL element 4062• 

30 

8 
a gate electrode formed on said insulation layer; 
a first barrier metal layer of titanium nitride containing 

equal to or less than SO 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 
equal to or less than SO atm % of nitrogen. inserted 
between said drain electrode and said drain region of 
said active layer. 

2. A thin film transistor formed in an organic clectroJu. 
minescence display device having a substrate and a plurality 
of organic electroluminescence elements formed on said 
substrate. said transistor being used to drive one of said 
electroluminescence elements. said transistor comprising: 

an active layer of semiconductor material. formed on sai4 
substrate, a source region and a drain region being 
formed in said active layer; 

a source electrode of aluminwn material electrically 
coupled to said source region formed in said active 
layer; 

a drain electrode of aluminum material electrically 
coupled to said drain region fonned 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 said active 
layer; and 

a second barrier metal layer of titanium. inserted between 
said drain electrode and said drain region of said active 
layer. 

3. An or~anic electrolwninescence display device having 
a substrate, a plurality of organic electroluminescence ele-

According to the present invention. at least the barrier 
metal layers in the current control thin film transistors and 
preterabiy the barn.er metai iayers in the switching thin film 
transistors are made of titanium nitride containing equal to 35 ments formed on said substrate and a plurality of thin film 

transistors fonned on said substrate. said transistors being 
connected to said respective electroluminescence elements 
for controlling current applied to said respective elements. 

or less than SO attn % of nitrogen or made of titanium. In 
manufacturing the EL display device. it is desired that the 
contact metal layers in the organic EL elements are simul· 
taneously form_ed in the same process of the barrier metal 
layers with the same material, namely titanium nitride 

40 containing equal to or less than SO atm % of nitrogen or 
titaniwn. Furthennore. 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 SO atm % of nitrogen 
or made of titanium. 45 

Many widely different embodiments of the present inven· 
tlon 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 50 
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'elec1r0Iu

minescence display device having a substrate and a plurality 55 
of organic electroluminescence elements formed on said 
substrate, said transistor being used to drive one of said 
electroluminescence elements. said transistor comprising: 

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 electrode of aluminwn material electrically 
coupled to said source region fonned in said active 
layer: 

a drain electrode of aluminum material electrically 
coupled to said drain region fonned 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 

equal to or less than SO 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 SO atm % of nitrogen. inserted 
between said drain electrode and said drain region of 
said active layer. 

4. The device as claimed in claim 3, wherein each of said an active layer of semiconductor material, formed on said 
substrate. a source region and a drain region being 
fanned in said active layer; 

a source electrode of aluminum material electrically 
coupled to said source region formed in said active 
layer; 

60 organic electro luminescence elements includes a transparent 
electrode layer formed on said substrate, an organic elec· 
trolwninescence layer formed on said transparent electrode 
layer and an upper electrode layer formed on said organic 
electrolwninescence layer. said transparent electrode being 

a drain electrode of aluminum material electrically 
coupled to said drain region fanned in said active layer; 

an insulation layer formed on said active layer; 

6S 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 
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titanium. nitride containing equal to or less than 50 attn% 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 electrolwninescence display device having 
a substrate. a phrralicy of organic electroluminescence ele
ments fonned on said substrate and a plurality of thin film 
transistors fonned on said substrate, said transistors being 
connected to said respective electroluminescence elements 10 
for controlling current applied to said respective elements. 
each of said transistors comprising: 

10 
a first bmier metal layer of titanium nitride 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 banier metal layer of titanium nitride containing 
equal to or less than 50 ann % 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 electroluminescence elements includes a transparent 
electrode layer formed on said substrate. an organic elec
trolwninescence layer fonned on said transparent electrode 
layer and an upper electrode layer formed on said organic 
electrolwninescence layer. said transparent electrode being 

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 alwninum material electrically 
coupled to said source region formed in said active 
layer; 

15 electrically coupled to a conductive lead of aluminwn 
material. and wherein each of said organic electrolumines
cence elements further includes a contact metal layer of 
titanium nitride containing equal to or less than 50 attn % of 

a drain electrode of aluminum material electrically 20 
coupled to said drain region formed in said active layer; 

an insulation layer formed on said active layer; 
a gate electrode fanned on said insulation layer; 
a first barrier metal layer of titanium inserted between said 

source electrode and said source region of said active 25 
layer; and 

a second barrier metal layer of titanium inserted between 
said drain electrode and said drain region of said active 
layer. 

7, The device as claimed in claim 6. wherein each of said 30 

organic electroluminescence elements includes a transparent 
electrode layer formed on said substrate, an organic elec
troluminescence layer formed on said transparent electrode 
layer and an upper electrode layer fonned on said organic 
electrolutninescence layer, said transparent electrode being 35 

electrically coupled to a conductive lead of aluminwn 
material. and wherein each of said organic electrolumines
cence elements further includes a contact metal layer of 
titanium inserted between said transparent electrode layer 
and said conductive lead. 40 

8. The device as claimed in claim 7. wherein said con
ductive lead is connected to said drain electrode, 

nitrogen, inserted between said transparent electrode layer 
and said conductive lead. 

11. The device as claimed in claim 10. wherein said 
conductive lead is connected to said drain electrode. 

12. An organic electroluminescence display device of 
active matrix type having a substrate. a plurality of organic 
electrolwninescencc elements formed on said substrate and 
a plurality of first and second thin film transistors fanned on 
said substrate, said first transistors being connected to said 
respective electrolwninescence elements for controlling cur
rent applied to said respective elements. 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 materiai:fonned on said 
substrate a source region and a drain region being 
formed in said active layer; ,'> 

a source electrode of aluroinwn ma~ electrically 
coupled to said source region formed in said active 
layer: 

a drain electrode of aluminwn material electrically 
coupled to said drain region formed in said active layer; 

an insulation layer fanned on said active layer; 
a gate electrode fanned 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 electrode and said drain region of said active 
layer. 

9. An organic electroluminescence display device of 
active matrix type having a substrate. a plurality of organic 
electroluroinescence elements fanned on said substrate and 45 

a plurality of first and second thin film transistors fanned on 
said substrate. said first transistors being connected to said 
respective electroluminescence elements for controlling cur
rent applied to said respective elements. said second tran
sistors being connected to said respective first transistors for 
switchlng said respective first transistors. each of said first 
and second transistors comprising: 

an active layer of semiconductor material. fanned on said 
substrate. a source region and a drain region being 

55 
formed in said active layer; 

13. The device as claimed in claim 12. wherein each of 
50 said organic electroluminescence elements includes a trans

parent electrode layer fanned on said substrate. an organic 
electrolwninescence 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 

a source electrode of aluminum material electrically 
coupled to said source region formed in said active 
layer; 

a drain electrode of aluminum material electrically 60 
coupled to said drainregionfonnedin said active layer; 

an insulation layer fanned on said active layer; 
a gate electrode fonned on said insulation lay~; 

alwninum material, and wherein each of said organic elec
troluminescence elements further includes a contact metal 
layer of titaniwn 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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[57] ABSTRACT 

Disclosed is an organic electroluminescent display ap• 
paratus that has small panels each constituted by form· 
ing light-emitting sections, each comprising an organic 
electroluminescent layer, a transparent electrode and a 
metal electrode, on one major surface of the substrate. 
The transparent electrode has an extending portion 
fanned to continuously extend from one major surface 
of the substrate to one side surface. The associated 
transparent electrodes of adjoining small panels are 
electrically connected via an anisotropic conductive 
sheet which has a conductivity only in the thickness 
direction. This design can narrow the non-light emitting 
area of each joint of the small panels. 

3 Claims:, 2 Drawing Sheets 
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ORGANIC ELECTROLUMINESCENT DISPLAY 
APPARATUS 

electrically connected to one another and the associated 
meta1 electrodes thereof are electrically connected to 
one another, each of the transparent electrode and 
metal electrode having an extending portion continu• 

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 elements which emit light 
when applied with electric charges. 

5 ously formed from the one major surface of the sub
strate to a side surface thereof, whereby the associated 
transparent electrodes and metal electrodes of the ad
joining organic EL element assemblies are electrically 
connected together at. the extending portions through a 

2. Description of the Related An 
10 rlfSt anisotropic conductive adhesive layer having a 

conductivity only in a thickness direction. 
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 electrodes 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 EL 
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- 20 
her of organic EL elements formed thereon are stacked 
together to form a large panel. 

In another embodiment, the organic EL display appa
ratus further comprises a transparent substrate for sup
porting the plurality of organic EL clement a.uemblies 

15 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-

The organic 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 largC 25 
substrate, therefore, it is difficult to form the organic 
EL layer uniformly over the entire. substrate surface. 
Further, a non-uniformly formed organic EL layer 
would result- in uneven brightriess on the screen. In 
addition to a non-uniformly formed organic EL layer, 30 
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 35 
layer of each panel can be formed unifonnJy 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 ·10 be connected have 40 
narrow connecting faces, This makes it difficult to con• · 
nect the associated electrodes of the adjoining small 
panels at their end portions .. 

cally connecting the extending portions of the associ• 
ated transparent electrodes Of the adjoining organic EL 
clement assemblies_ and a second anisotropic conductive 
adhesive layer formed thereon _for connecting the con• 
ductive portion with the extending portions of the asso
ciated transparent electrodes. 

The organic EL display apparatus according to the 
present invention can allow the associated transparent 
elect!odes and meta1 electrodes of the adjoining organic 
EL element assemblies to be surCly 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. I; 

FIG. 3 is a cross section of a connecting portion of 
adjoining organic EL element assemblies in FIG. 2; 

FIG. 4 is a cross section taken along the line 4--4 in 
FIG. l; and 

FIG. 5 is a cross section illustrating a connecting 
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 

Conventionally, only the electrodes are led out from 
each panel to connect the electrodes to thereby facili- 45 
tate the connection of the panels. This method inevita
bly increases the joint portions which do not emit light 
making the joints prominently darker. 

Organic EL display apparatuses embodying the pres
SO ent invention will be described below referring to the SUMMARY OF THE INVENTION 

It is therefore an Object of the· present invention to accompanying drawings; 
provide an organic EL display apparatus which does First, an organic EL display apparatus according to a 
not haVe the above shortcoming and which suppresses flfSt embodiment will be di:scribed referring to FIGS. 1 
the prominence of joints at the panel-connected par- through 4. 
tions created when a plurality of small panels are con- 55 Referring to FIGS. 1 and.2, an organic EL display 
nected to form a large panel. apparatus 1 has a large panel 3 of the desired screen size, 

To achieve this object, according to the present in- which is formed by arranging, for example, 16 small 
vention, there is provided an organic EL display appa- panels 2 as organic EL element assemblies in a 4 by 4 
ratus which comprises a_ plural_ity of organic EL ele- · matrix form and electrically connecting them together. 
ment assemblies having light-emitting sections each 60 This large panel 3,·with a drive device 4 attached to the 
including an organic EL layer and a pair of a transpar- periphery thereof, is housed in a casing 6 and is disposed 
ent electrode and a meta1 electrode facing each other on a transparent substrate 22 oftrallsparent glass, which 
with the organic EL layer in between, and a substrate becomes-a display surface. 
for supporting at least one of the light-emitting sections Each small panel 2 has organic EL clements fanned 
on one major surface, the plurality of organic EL ele• 65 thereon for 20,000 'pixels, for example. As shown in 
mcnt assemblies being arranged adjacent to one another FIGS. 3 and 4, each small panel 2 has a plurality of 
in such a way that.the associated transparent electrodes belt-shaped transparent electrodes 12 of ITO (indium 
of the adjoining organic EL element assemblies arc tin oxide) fanned in parallel on one major surface 11a of 

IPR2020-01059 
Apple EX1002 Page 288



fr/I 

3 
5,302,468 

4 
a rectangular substrate 10, which is made of a transpar• as the former. Similarly, in FIG. 4, one extending par-
ent and insulating matcriaJ, such as glass. The substrate tion 15a of electrode 15 is electrically insulated from the 
10 has a pair of facing major surfaces Ua and Ub, and adjoining extending portion 15a (not shown) on the 
four side surfaces 13a, 13b, 13a, and 13b which connect same lateral surface 13b as the former. 
those major surfaces 11a and Ub. Of the four side sur- S In FIG. 3, however, the anisotropic layer 21 causes 
faces, the side surfaces 13a and 13a face each other in one extending portion 12a of one lateral side 13a of the 
parallel, and the side surfaces 13b and 13b face each left side to connect electrically to the extending portion 
other in parallel. Each transparent electrode 12 has an 12a of the right side. In other words, the extending 
extending portion 12a whiCh continuously extends in portions Ila :lnd 12a facing each other through the 
the lengthwise direction from the major surface lla of 10 imisotropic layer 21 are electrically connected together. 
the substrate 10 to the side surface 13a. An organic EL In FIG. 4, similarly, the extending portion 15a and 1Sa 
layer 14 made of an organic material is formed on the facing each other through the anisotropic layer are 
transparent electrodes 12 over the entire major surface elcctricaJly connected. 
lla of the substrate 10. The large panel 3 is formed in the above manner, and 

As shown in FIGS. 3 and 4, a plurality of belt-shaped IS the drive device 4 for controlling the individual trans-
metal electrodes 15 are formed in parallel on this or- parent electrodes 12 and metal electrodes 15 in a matrix 
ganic EL layer 14, each having a lengthwise direction form is electrically connected to this large panel 3. 
defined as a direction crossing the lengthwise direction In the organic EL display apparatus 1 having the 
of the associated transparent electrode 12. Each metal above structure, the associated electrodes 12 of the 
electrode 15 has an extending portion 15a which contin- 20 adjoining small panels 2 ar electrically connected to one 
uously extends in the lengthwise direction from the another via the extending portions 12a of those elec• 
major surface Ila of the substrate 10 to the side surface trodes 12 and the anisotropic conductive sheet 21, and 
13b. the associated electrodes 1$ Qf Ou: adjoining mJ!lll pan-

In each small panel 2, therefore, the extending por- els 2 arc likewise electrically connected via their ex-
tions 12a of the transparent electrodes 12 are formed on 25 tending portions 15a and the anisotropic conductive 
one side surface pair 13a of the substrate 10, and the sheet 21. This design can provide wider planar space for 
extending portions 15a of the metal electrodes 15 on the the connecting portion of the electrodes 12 or the elec-
othcr side surface pair 13b. trodes 15. It is therefore possible to reduce the position-

The organic EL layer 14 and the transparent elec- ing accuracy at the time of connecting the associated 
trode 12 and metal· electrode 15, which make a pair and 30 electrodes 12 and 15 of the adjoining small panels 2 as 
face each other with the organic EL layer 14 in be· compared with the prior art, thus facilitating the con· 
tween, constitute a light-emitting section as an organic nection of the associated electrodes 12 or electrodes 15 
EL element. One pixel is formed with the light-emitting to one another. In addition, the wider planar area of the 
section in the vicinity of where each transparent elec- connecting portion of the electrodes 12 or 15 can pro-
trode 12 crosses the associated metal electrode 15 while JS vide sure electric connection between the electrodes 12 
facing each other, taken as one unit. or 15 and can make the electric connection stronger 

On each metai eiectrode 15 may be formc:d II prate,::. '"!!."';,.,,, ,he e,.,e ..... ! fo ...... 
tive layer for protecting the metal electrode 15 and Further, the extending portions 12a or lSa of the 
preventing the short-circuiting of the adjoining metal electrodes 12 or 15 on the side surface 13a or 13b of the 
electrode 15. 40 adjoining small panels 2 can be connected together via 

The a plurality of small panels 2 are arranged in such the thin anisotropic conductive sheet 21. The non-light 
a way that th~ extending portions 12a of the transparent emitting area of the joint of the small panels 2 can there• 
electrodes 12 of the adjoining small panels 2 face each fore be made narrower than the one in the prior art, 
other a·t the opposite side surfaces 13a of the adjoining suppressing the prominence of the joint of the small 
small panels 2, and the extending portions 15a of the 45 panels 2. 
metal electrodes 15 face each other at the opposite side Furthermore, if, as shown in FIG. 4, the transparent 
surfaces 13b of the adjoining small panels 2. An anise• electrode 12 at the edge portion of the substrate 10 is 
tropic conductive sheet 21 as a first anisotropic conduc- formed wide enough to extend to the side surface 13b of 
tive adhesive layer, which has a conductivity only in the substrate 10, and the extending portion 15a of the 
the thickness.direction is sandwichCQ ~tw;c;!'l, the ex· SO metal electrode 15 is formed to extend over the area 
tending portions 12a and 1Sa to electrically and sC- where the organic EL layer 14 ·js formed on the trans· 
curely connect the extending portions 12a and 15a parent electrode 12 on the side surface 13b, the joint of 
when heated or pressed, for example. the sma11 panels 2 where the associated metal electrodes 

This anisotropic conductive sheet 21 is a film which 15 face each other can also emit light. 
has, for example, conductive particles almost uniformly 55 A second embodiment of the present invention will 
dispersed in an adhesive and has, for example, a thin now be described referring to FIG. 5. 
insulating film coated on the individual conductive In FIG. 5, the extending portions 12a of the transpar-
particles so as to have a conductivity only in the direc- ent electrodes 1l of each sma11 panel 2 are formed to 
tion of the film thickness while being insulative in the extend from one major surface lta of the substrate 10 to 
direction perpendicular to the thickness direction. Re- 60 the other major surface llb via the side surface 13a. The 
ferring to FIGS. 3-4, the anisotropic layer 21 has con- same reference numerals as used for the components of 
ductivity in only the one direction, i.e., a horizontal the first embodiment will be given to corresponding or 
direction. In other words, a current in the anisotropic identical components in the second embodiment to 
layer cannot pass in any direction except the horizontal avoid repeating their description. 
direction. Accordingly, the anisotropic layer in FIG. 3 65 The small panels 2 are arranged in a matrix fonn in 
prevents one extending portion 12a of the electrode 12 such a way that the associated transparent electrodes 12 
from connecting electrically to the adjoining extending of the adjoining small panels 2 face each other, the 
portion 12a (not shown) on the same lateral surface 13a associated metal electrodes 15 facing each other, and 
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the other major surface lib of the substrate JO is ar- tend to the other major surface of the substrate, and a 
ranged to face the transparent substrate 22 that becomes conductive portion facing the extending portions of the 
the display surface of the casing 6. associated transparent electrodes of the adjoining or-

On the transparent substrate 22 is formed a conduc- ganic EL element assemblies and a second anisotropic 
live portion 2S made of a transparent material, such as 5 conductive adhesive layer for connecting this conduc-
JTO. This conductive portion 25 sim1,dtaneously faces tive portion and the extending portions are formed on 
the extcn_ding portions 12a of the transparent electrodes the transparent substrate. This design can facilitate the 
12 which are located on the other major surface tlb of electric connection of the associated electrodes of the 
each substrate 10 and are electrically connected. adjoining organic EL element assemblies. In addition, 

An anisotropic conductive sheet 27 similar to the one 10 since the side i;urfaces of the adjoining organic EL 
used in the first embodiment is sandwiched as a second element assemblies c.an be made to directly contact each 
anisotropic conductive adhesive layer between the sub- other, it is possible to prevent the joini portions of the 
stratc 10 and the transparent substrate 22 to securely organic EL clement assemblies from becoming darker, 
and electric.ally connect the extending portions 12a of thus suppressing the prominence of the joint portions. 
the transparent electrodes 12 and the conductive por• 15 The above descriptions are intended by way of exam-
tion 25 when heated or pressed. pie only and is not intended to limit the present inven-

Tbe large panel 3 is formed in this manner. tion in any way except as set forth in the following 
In this organic EL display apparatus 1, at the time the claims. 

associated electrodes 12 or 15 of the adjoining small What is claimed is: 
panels 2 are electrically connected to one another, the 20 1. An organic elcctrolwnincscent display apparatus 
extending portions Ila of the transparent electrodes 12 comprising: 
on the other major surface lib of the substrates 10 of a plurality of organic electroluminescent element 
the small panels 2 are electrically connected to the con- assemblies having light-emitting sections each in-
ductive portion 25 of the transparent substrate 22 via eluding an organic electroluminescent layer, a 
the anisotropic conductive sheet 27. This design can 25 transparent electrode and a metal electrode facing 
provide wider planar space for the connecting portion each other with said organic electroluminescent 
of the adjoining small panels 2. The adjoining small layer in between, 
panels 2 can thus be connected electrically by arranging a substrate having a first major surface for supporting 
the small panels 2 at given positions on the transparent at least one of the light-emitting sections, said plu-
substrate 22, connecting the associated transparent elec- 30 rality of organic electroluminescent element assem-
trodes 12 together via this transparent substrate 22, and blies being arranged adjacent to one another such 
conriecting the associated meta1 electrodes 15 together that each said transparent electrode of said adjoin-
as sliown in FIG. 4. It is therefore possible to reduce the ing organic electroluminescent element assemblies 
positioning accuracy at the time of connecting the asso- is electrically connected to one another and each 
ciated electrodes 12 and IS of the adjoining small panels 35 said metal electrode of said adjoining organic elec-
2 as' compared with the prior art, thus facilitating the troluminescent element assemblies is electrically 
connection of the associated electrodes 12 or electrodes connected to one another;, 
IS to one another. In addition, the electrical connection each said transparent electroi::le and said metal elec-
between the transparent electrodes 12 can be accom- trade having at least one cli:tending portion contin-
plished surely and firmly. 40 uously formed from said fiist major surface of said 

Because the anisotropic conductive sheets 21 and 27 substrate to a side surface thereof; and, 
show their conductivity only in the thickness direction, a first anisotropic conductive adhesive layer electri-
they may be formed in a tape shape whose lengthwise cally connecting said transparent electrodes of said 
direction is the direction of the joint of the substrates 10. adjoining organic electroluminescent element as-

Although the embodiments of the present invention 45 semblies at the extending portions, said first aniso-
have been illustrated to have the organic EL layer and tropic conductive adhesive layer electrically con-
electrodes in the foregoing description, they may have necting said metal electrodes of said adjoining or-
a hole carrying layer or an electron carrying layer. ganic electroluminescent element assemblies at the 

In short, according to the organic EL display appara- extending portions, and said first anisotropic con-
tus embodying the present invention, the electrodes of 50 ductive adhesive layer having conductivity only in 
the light-emitting section each have an extending par- a direction substantially normal to the :iiUrfacc of 
tion continuously extending from one major surface of the extending portions. 
the substrate to one side surface, so that the associated 2. The organic electroluminescent display apparatus 
electrodes of the adjoining organic EL clement assem- according to claim 1, further comprising: 
blies are electrically connected at the extending por- 55 a transparent substrate for supporting said plurality of 
tions via a first anisotropic conductive adhesive layer organic electrotuminescent element assemblies ar-
that has a conductivity only in the thickness direction. ranged adjacent to each other, wherein said ex-
This design can provide wider planar space for the tending portion of said transparent electrode ex-
connecting portion of the electrodes. It is therefore tends to a second major surface of said substrate; 
possible to facilitate the electric connection between the 60 a conductive portion formed on said transparent sub-
associated electrodes of the adjoining organic EL ele- stratc for electrically connecting said extending 
ment assemblies. portions of ea.ch of said transparent electrodes of 

Further, according to a modification of the organic said adjoining organic electroluminescent element 
EL display apparatus of the present invention, a trans- assemblies; and 
parent substrate for supporting a plurality of organic 65 a second anisotropic conductive adhesive layer 
EL element assemblies arranged adjacent to one an- fonned on said conductive portion for connecting 
other is provided and the extending portions of the the conductive portion and said extending portions 
transparent electrodes are fanned to continuously ex- of said transparent electrodes. 
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3. An organic electroluminescent display apparatus 
comprising: 

a plurality of organic electroluminescent element 
assemblies having light-emitting sections each in
cluding an organic electroluminescent layer, a 5 

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 10 
at least one of the light-emitting sections, said plu
rality of organic electroluminescent element assem
blies being arranged adjacent to one another such 
that each· said transparent electrode of said adjoin
ing organic electroluminescent clement assemblies 15 
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; 

20 

" 

JO 

Jl 

40 

45 

50 

55 

60 

65 

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 plurality of 
organic electroluminescent clement assemblies at· 
ranged adjacent to each other, wherein said ex
tending portion of said tnnsparent electrode ex
tends to a 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 el~trodes of 
said adjoining organic clectrolumincsc:cnt 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. 

• • • • • 
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Serial No. 08/976,217 

Filed November 21, 1997 

For DISPLAY APPARATUS 

Art Unit 2778 

Examiner V. Kovalick 

AMENDMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

S I R : 

I hereby certify that this;;'._: 
correspondence is being i: 
deposited with the United ·. · 
States Pasta 1 Service as Fi rsi,;, 
Class mail in an envelope -:>., 
addressed to: Assistant Commissioner 
for Patents. Washingtm, D.C. 20231. 
on the date noted be 1 o,1,, · .. 

AttoCtI!~ 

Dated: November 30. 1999 

In the event that this Paper 
is late filed. and the 
necessary petition for · 
extension of time is not filed 
concurrently herewith, pl ease 
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 other fee required 
in connection 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, 1999. 

Please amend the application as follows. 

IN THE SPECIFICATION: I 
Page 7, 

Page 8, 

Page 22, 

line 1, change "A-A" to --2-2--. 

j 
line 3, change "B-B" to --18-/8; 

I 
line 4, change "C-C" to --191--; 

line 17, change "K-K" to --2-2--

line 18, change "B-B" to --~-; 

line 19, change "C-C" to --19-19--. 
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(~~ THE CLAIMS : 

( j J Pl,k.se yancel claim 

"---5-,8, 10, 15 and {5, and 

/ I ) 
2 without prejudice, amend claims 1, 4, 

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; 

an insulation film formed over said substrate so as to cover 

said active elements.,_ [and]. said insulation having at least one 

contact hole; 

at least one first electrode formed on said [at least one] 

insulation film so as to cover said active elements, and 

10 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 electroluminescent layer having an organic 

electroluminescent material formed on said at least one first 

15 electrode so as to cover said active elements 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. 

-2-
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) 
Claim 4, line 2, between "said" ~nd "electroluminescent 

Claim 5, line 

Claim 8, line 

Claim 10, line 

Claim 15, line 

line 

~- (Amended) 

a substrate; 

layer" insert --drganic--. 

5, between "said"ld "electroluminescent 

layer" insert -- ganic--. 

7, between "said" and 11 e/ectroluminescent 

layer" insert --o£yic--. 

4, between "said"/nd "electroluminescent 

layer" insert --organic--. . l 
l, between "said" and "electroluminescent 

1 '
. r'. ayer• insert --organic--. 

2, between "said" a~lectroluminescent 

layer" insert --orge{nic--. 

A display apparatus comprising: 

{)7 If" selection transistors formed over said substrate and 

c'tfl 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] §£§. on; 

an insulation film formed over said substrate 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 a material 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 

rJfcJ)surrounded by said address lines and said data lines, and being 

ell connected to said drive transistors through said contact holes; 

25 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 

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. 
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c. Please add the following new claims: 

-~-- The display apparatus according to claim 1, wherein 

said display apparatus further comprises at least one filter, 

formed above said at least one second electrode, which 

selectively permits light rays in a first wavelength range to 

5 pass therethrough when incident light rays in a second wavelength 

range including said first wavelength range enter said at least 

one filter. 

!Y 11 ,}13· The display apparatus according to claim Ji, wherein 

said at least one filter has a red filter which permits light in 

a red wavelength range to pass therethrough, a green filter which 

permits light in a green wavelength range to pass therethrough, 

5 and a blue filter which permits light in a blue wavelength range 

to pass therethrough.--
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R E M A R K S 

Reconsideration of this application, as amended, is 

respectfully requested. 

The August 31, 1999 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 remarks are set forth below in a sincere 

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 31, 1999 Office Action is a Notice of 

Draftspersons Patent Drawing Review (Form PT0-948) wherein the 

Official Draftsperson objects to Figs. land 17 as including 

sectional designations which are not Arabic or Roman numbers. In 

response, Figs. land 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. land 17. 

Specification 

The specification is amended to coincide with the amendments 

to Figs. land 17 of the drawings. No new matter is added. 
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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. Thus, the 

organic electroluminescent layer emits light even 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. 
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Generally, the heat resistance of the organic 

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 is 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 invention 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 the first electrodes are made of a 

material which shields visible light. Since the selection 
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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 

transisto~s. Thus, it prevents deterioration of the organic 

electroluminescent material. 

Rejection under 35 U.S.C. 102(e) 

·In the Office Action claims 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 1s 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 said active elements through said at least one 

contact hole, said at l~9;9t first electrode being made 
;..•~ 

of a material which shields visible light (claim 1, 

lines 7-11); 

2. an organic electroluminescent ·layer having an organic; 

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, lines 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 

TFTl ·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 

electroluminescent 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 cov~i the TFTl 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 use 102 as well as 35 use 

103. Claim 6 is patentable over Tang et al for the reasons set 

forth above, inter alia, in connection with claim 1. 
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Rejection under 35 U.S.C. 103(a) 

In the Office Action claims S, 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 discloses 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, 

lines 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). 
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In contrast, organic EL elements emit light when electrons 

and holes enter the organic electroluminescent layer. Moreover, a 

manufacturing process for the active elements includes a heating 

process (see column 5, lines 57 to 67), Since Stewart utilizes 

inorganic EL elements, the disclosed formation order of the 

layers onto 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 or sµggest the 

organic electroluminescent layer featured in the present 

invention and the specific layer formation order for preventing 

the organic electroluminescent 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 specific layer formation 

order for preventing thermal deterioration, and the arrangement 

of the first electrode, the organic electroluminescet layer and 

the second electrode which are placed above the active .elements 

so as to cover the active elements in order to realize a larger 

luminescent area. 

Kishita et al. (USP 5,847,516) disclose inorganic EL 

elements (see column 4, line 66 to column 5, line 9). Therefore, 

Kishita et al do not disclose the specific layer formation order 

and the characteristic arrangement featured in the organic EL 

elements. 
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In view of the foregoing, claims 3-5, 7-10, 12-14, 16 and 17 

are patentable over the references cited· by-, the Examiner taken 

~ither alone under 35 USC 102 or in·any logical combination under 

35 use 103. 

ALLOWABLE SUBJECT MATTER 

The Examiner's indication that claims 11 and 15 would 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 independen~ form at this time because of 
-ff~- 'l 

applicants' belief that claim 1, upon which claims 11 and 15 

depend, is patentable. 

FORM PT0-892 

Attached to the August 31, 1999 Office Action is a Form 

- PT0-892 completed by the Examiner. The Form PT0-892 appears to 

improperly identify one of the cited references. Specifically, 

the patent identified as USP 6,640,067 (Yamaguchi et al) should 

have been identified as USP 5,640,067. It is respectfully 

requested that the Examiner send a new Form PT0-892 to applicants 

with the next Patent Office communication to indicate that the 

patent number of Yamaguchi has been corrected in the Patent 

Office records. 

* * * * 
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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 respectfully 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, 

Ro~Ec~ 
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: jh:aj j 

Enc. - LETTER TO THE OFFICIAL DRAFTSPERSON 
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Attorney Docket No. 970719/LH 

IN THE UNITED STATES PATENT 
AND TRADEMARK OFFICE 

Applicant(s): Hiroyasu YAMADA et al 

Serial No. 08/976,217 

Filed November 21, 1997 

For DISPLAY APPARATUS 

Art Unit 

Examiner 

2778 

V. Kovalick 

LETTER TO THE OFFICIAL DRAFTSPERSON 

ASSISTANT COMMISSIONER FOR PATENTS 
Washington, D.C. 20231 

S I R : 

CERTIFICATE OF MAILING 

Attached hereto are Figs. 1 and 17 which have been marked in 

red to show the amendments being proposed thereto. The 

amendments are necessary to obviate the Official Draftsperson's 

objection set forth in Form PT0-948 attached to the August 31, 

1999 Office 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. 

Respectfully ~u~ 

ROBE~HA~ 
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 No. Group 3: (212) 319-5101 
RPM:ajj 
Enc.- Figs. 1 and 17 marked in red 
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Notice of Allowability 

Application No. 
08/976,217 

Examiner 

Applicant(s) 

Vincent E. Kovalick 

Hlroyasu Yamada 

Group Art Unit 
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 

~ The allowed claim(s) is!are_,_1.,,an"d"-"'3-"1,,,9 ___________________________ _ 

D The drawings filed on--------- are acceptable. 

~ Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 

~ All OSome' []Jone of the CERTIFIED copies of the priority documents have been 

~ received. 

D received in Application No. (Series Code/Serial Number) ________ _ 

D received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 

*Certified copies not received: ______________________________ _ 

D 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 MONTHffiOM THE "DATE MAILED" of this Office action. Failure to timely comply will result in 
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a). 

0 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PT0-152, which discloses that 
the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED. 

~ Applicant MUST submit NEW FORMAL DRAWINGS 

D because the originally filed drawings were declared by applicant to be informal. 

~ including changes required by the Notice of Draftsperson's Patent Drawing Review, PT0-948, attached hereto or to 
Paper No.~? 

~ including changes required by the proposed drawing correction filed on --~N=o~v=3=0~1~9=9=9 __ , which has been 
approved by the examiner. 

D 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 flied as a separate paper with a transmittal lettter addressed to the Official 
Draftsperson. 

0 Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Any response to this letter 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) 

~ Notice of References Cited, PT0-892 

D Information Disclosure Statement(s), PT0-1449, Paper No(s). ---

~ Notice of Draftsperson's Patent Drawing Review, PT0-948 

D Notice of Informal Patent Application, PT0-152 

D Interview Summary, PT0-413 

D Examiner's Amendment/Comment 

D Examiner's Comment Regarding Requirement for Deposit of Biological Material 

~ Examiner's Statement of Reasons for Allowance 

U.S. Patent and Trademark Office 
PT0-37 (Rev. 9-95) Notice of Allowability Part of Paper No. __ 7 __ 
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Application/Control Number: 08/976,217 

Art Unit: 2778 

DETAILED ACTION 

Response to Amendment 

Page2 

I. 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 ofclaim 2, the amendments to claims I, 4, 5, 8, JO, 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. I and 17 have been reviewed and noted by 

the Official Draftsperson, Form PTO 948 is submitted herewith. 

3. A substitute Form PT0-892 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. 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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Application/Control Number: 08/976,217 

Art Unit: 2778 

Page 3 

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 electroluminescent layer having an organic 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 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; address 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 transistors are on; an insulation film formed over said substrate 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 

material which shields visible 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 

IPR2020-01059 
Apple EX1002 Page 315



Application/Control Number: 08/976,217 

Art Unit: 2778 

Page4 

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 conunents 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 "Conunents 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. 

U. S. Patent No. 

U. S. Patent No. 

5,828,181 

5,640,067 

5,302,468 

Okuda 

Yamauchi et al. 

Nimiki et al. 
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Application/Control Nwnber: 08/976,217 

Art Unit 2778 

Responses 

I) . . 

Page 5 

7. 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 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 
docwnent. 

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

Inquires 

8. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Vincent E. Kovalick whose telephone nwnber 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 nwnber is 
(703) 305-3900. 

Vincent E. Kovalick 

SU" Bf PIN SHALWALA 
rERVISORY PA 
TECHNOLOGY i:i;FREXAMtNER 

C 2700 
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SUBMISSION OF CORRECTED FORMAL DRAWINGS 
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filed on November 30, 1999, which has been approved by the 

Examiner. The amended sheets of formal drawings overcome the 

objections set forth in the PT0-948 attached to 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. 

February 22, 2000 

Respectfully submit ed, 

Leonard Hol 
Reg. No. 22,974 

Frishauf, Holtz, G0odman, 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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Certificate of Malling 
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the United States Postal Service with sufficient postage for first class 
mall In an envelope addressed to !he Box Issue Fee address above on 
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(Date) 
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,PTO/SB/12a) attached, member a registered attorney or agent) 2 GOODM~N LANGER & 
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US PAT NO: S,923,308 [IMAGEAVAlLABLE] LS: 12 ofl3 
TITLE: Array ofleds with active pull down shadow canceling circuitry 

ABSTRACT: 
An array of OEDs is arranged in rows and columns wit!\ a plurality of row ·, 
buses and a plurality of column 6uses. Each of the OEDs has a first terminal 
coupled to-an 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 ofrow buses. The switching circuit 1s 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. 

US PAT NO: 
TITLE: 

ABSTRACT: 

S,319,491 [IMAGEAVAlLABLE] 
Optical display 

LS: 13 of 13 

An optical display in which at least one pixel is selective}y,,controlled to 
shutter light out of a light guidance substrate by violating"tiie light 
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. 

=> 
d hist 

(FILE 'USPAT' ENTERED AT 11:23:40 ON 03 AUG 1999) 
SET PAGELENGTH 99 

, SET AUHELP NONE 
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[57] ABSTRACT 

Selection transistors and drive transistors are formed in 
individual pixel areas on a: substrate. Cathode electrodes 
which reflect visible light are formed above the selection 
transistors and the drive transistors so as to cover the pixel 
areas, with flat insulation fihns between the cathode elec
trodes and the selection and drive transistors. An organic EL 
layer and an anode electrode are sequentially formed on the 
cathode electrodes. 
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DISPLAY APPARATUS 

BACKGROUND OF 1HE INVENTION 

1. Field of the Invention 
The present invention relates to a display apparatus, and 5 

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 
10 

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
tionally. A passive matrix type EL display apparatus is 
available as such an EL display apparatus. In this type of EL 15 
display apparatus, parallel cathode lines serve as common 
lines, while parallel anode lines which are perpendicular to 
the cathode lines and which are made of ITO (indiwn 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 20 
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 25 
the case of the passive matrix type EL display apparatus 
which displays an image by driving such organic EL 
elements, the larger the nwnber 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 or'ganic EL 30 
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 
instantaneous luminance of the organic EL layer of each 35 
pixel during the selection Periods is intensified so that the 
organic EL layer apparently emits light over 1 frame period. 
The organic EL layer can emit light at a high instantaneous 
luminance by applying a high voltage to the organic EL 
layer. In this case, however, the organic EL layer can easily 40 
deteriorate. 

In the passive matrix type EL display apparatus, the larger 
the munber 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- 45 
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
ratus which includes, as shown in FIG. 22, pairs of thin film 
transistors which confer a voltage storing capability on the so 
pixels. Each of the pairs of thin film transistors consists of 
a selection transistor Tl and a drive transistor T2-. The 
selection transistor Tl is connected to a data line DL for 
supplying a data signal and a gate line GL for supplying a 
gate signal. The gate electrode of the drive transistor T2 is ss 
connected to the selection transistor Tl. The source of the 
drive transistor T2 is connected to a constant voltage line 
VL. In this display apparatus, as shown in FIG. 23, the thin 
film transistors Tl and T2 are formed in a pixel area on a 
glass substrate 101, and the gates of the thin film transistors 60 
are ·covered with a gate insulation film 102. In an area 
adjacent to the thin film tra'nsistors Tl and 1'2, a transparent 
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 65 
covers the thin film transistors Tl and T2. A contact hole 
extending up to the transparent anode electrode 103 is 

2 
formed in that part of the passivation 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 !OS 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 
layer 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 the organic 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 magnesiUDl 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 layer 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 Tl and T2. The purpose of 
thus arrap.ging the organic EL layer 106 is to prevent the 
light emitted by the organic EL layer 106 from entering the 
thin film transistors Tl and T2. If the emitted light entered 
the thin film transistors Tl and T2, unnecessary photoelec
t:romotive force would be generated in the channel regions of 
the thin film transistors Tl and T2, which entails the 
possibility of the thin film transistors Tl and T2 malfunc
tioning. 

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 Tl 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 a 
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 a 
preferred condition. As time passes, a gap can easily occur 
between the cathode electrode 107 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 luminance as that of an inorganic EL 
layer even when the organic EL layer is formed as thin as 40 
run to 250 nm. The thicker the organic EL layer 106, the 
higher an effective voltage/current for causing the organic 
EL layer to emit light at the desired luminance. Titis limits 
the range of value at which the thickness of the organic EL 
layer can be set Meanwhile, the thickness of the passivation 
film 104, which covers the thin film transistors Tl and T2, 
is set at such a value as to prevent the occurrepce Of a 
parasitic capacitance in the thin film transistors Tl 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 of the passivation film 104 and organic 
EL layer 106. There is the possibility that the cathode 
electrode 107 may break at that step. If the cathode electrode 
107 breaks, the display apparatus cannot perform a display 
operation. 

SUMMARY OF TIIE 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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cnlm·ged so as to emit light m a satisfactorily high lumines
cence ewn though a voltage 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 npparatus which prevents light from entering active 5 
clements such as transistors, to thereby avoid the malfunc
tion of the active elements. 

In order to achieve the above objects, a display apparatus 
according to one aspect of the present invention comp1ises: 

a substrate; 
active elements which are formed over the suh::;tratc and 

which arc driven by :tn extcm:t!!y mpp!iet! sigm1!; 
rm insulation film formed over the substrate so as to cover 

JO 

the active elements and having m least one contact 15 
hole; 

4 
first electrodes made of a material which shields visible 

light, and fanned on the insulation film so as to cover 
the election transistors and the drive transistors. the first 
electrodes being an-anged in a matrix pattern in areas 
surrounded by the address lint!s and the data lines, and 
being connec1ed 10 tht! d1i,c trnnsistors through the 
comact hole11: 

an electroluminescent !aver fonned on the first electrodes 
and including at leasi one layer which emits light in 
accordance with an applied voltage: 

a second electrode fanned on the electroluminescent 
layer. 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 to the 
data lines. 

In this disphty apparmus. the first elec1rodes are ammged 
in the areas sun-mmded by the address lines and the data 
lines. Under this condition, electroluminescent elements. 

at least one first electrode formed on the at least one 
insulation lil111 so as to cover the active elements, and 
connected to the actiw elements throu2h the at leas1 
one contact hole, the at least one first electrode being 
made of a material which shields visible light; 

an electroluminescent !aver fonncd on the at least one firnt 
electrode and indudi!lg at least one layer which emits 
light in accordance with a voltage applied to the at Iellst 
one layer: and 

.'.!n each being formed of one of the first electrodes and the 
electroluminescent layer and the second electrode. do not 
overlap the address lines or the data lines. Consequently. no 
pnrasitic capacitance occurs between the address/data lines 
and the electrodes of the electroluminescent elements. thus 

.'.!:i preventing signal trnnsmi.~sion from being slowed down. 

at least one second electrode formed on the electrolumi
nescent layer. 

In this display apparntus, the ht least one first electrode is 
formed so as to ('owr the active clements. and the elt.?ctrolu
minescent layer and the at least one second electrode arc :m 
i.uuim.1tet.i !'>t:4ut:11i.iuli) uu tlu.: iii J<,;,1.'-i: 0111.: fir.;t ckctrod::. 
Under tlrn.<.:c conditions. the area occupied by an electrolu
minescent element. which is fom1ed or the at least one first 
electrode. the electroluminescent layer and the at least one 
second electrode. is not limited hy the active clements, and 3:i 

a light emitting area can be enlargt'd a<'corclin['ly. This 
enablt!s the electroluminescent layer 10 emit light at the same 
luminescence as that of a conventional display apparatus. 
e\'ell though a voltage applied to thl! electroluminescent 
Jnyer is low. In this case, tht! load on the dt!ctroluminescent -10 
layer is small. which e[!sm-es a long life to the display 
apparatus. Since the at least one first electrode is made or a 
material which shield.~ visibk light, tht! ligh1 emitted hy the 
electroluminescent layer does not enter the active elements. 
and therefore the active e'iements do not malfunction due to -15 
the light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan \'iew of ail display apparatus according tl) 
one emhodiment of the present invention; 

FIG. 2 is a cross section taken along the line 2-2 sb(m 
in FIG. I; 

FIG. 3 is an equi\'nlcnt circuit diagram showing an EL 
displuy circuit con-csponding to one pixel: 

FIG. 4 is an equivalent circuit diagram which specifically 
shows the suucturc of the EL display circuit: 

FIG. 5 is a graph sl1owing: 1lw electric characteristic of :1 
drive transistor Q2: 

FIG. 6 is a graph showing the luminance of an organic EL 
element: 

FIG. 7 is a diagram illustrating. d1i\'cr circuits m:cd in the 
display apparatus depicted in FIG. 1: 

FIG. 8 i.<: a diagram showing waveforrns for dri\'ing the 
display apparatus; 

FIG. 9 is a sectional view or a display apparatus which 
includes cathode electrodes. an organic EL layer. and a 
dielectric film between the organic EL layer and the cathode 
electrodes: 

In order to achieve the above-described objects. a display 
apparatus according to tht! second aspect of the present 
invention comprises: 

a substrate; 

FIG. JO is a sectional Yiew of a display apparatus having 
:'iO R. G and B wavelength range conversion layers; 

selection transistors formed over the substrate and 
ammged in a mauix pattern; 

FIG. 11 is a sectional view of a display apparatus ha\'ing 
R and G wavelength range conversion layers; 

FIG. 12 is a sectional view of a display :ipparatu.o, having d1ive tnmsistors fom1ed over the substrate and arranged in 
a matrix pattern: ench of the diive transistors being 
i.:-onnerli>cl to one of the selection trnnsistors: 

R. G und B wavelength range conversion layers and color 
S:'i filter layers: 

address lines connected to the selection transistors and 
through which a sigm1l for turning on the selection 
transistors is supplied; 

data lines connected to the selection transistors, a signal c10 

which corresponds to image data being supplied to the 
drive transistors thrnug:h the data lines and the selection 
transistors while the selection trnt1sistors is on: 

an insulation film formed over the substrate so as to cover 
the diive transistors. the address lines and the data o5 
lines, the insulation film having comact holes fom1ed in 
rnm·.~pondence with tho..' driv~ tran.,;istors; 

FIG. 13 is a sectional vie1\' or a display apparatus having 
color. filter layers; 

FIG. 14 is a sectional view of a display apparatus having 
Rand 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 range conversion l:1yers and 
color filters; 

FIG. 16 is :1 diagram showing driver circuits used in a 
displuy apparatus which includes drive trnnsistors Q2 and 
:.mode electrodes connt!cted to the driw tramistnrs 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 18-18 
shown in FIG. 17; 

FIG. 19 is a cross section taken along the line 19-19 5 

shown in FIG. 17; 
FIG. 20 is a diagram showing driver circuits used in the 

display apparatus illustrated in FIG. 17; 

6 
located on the drain side of the semiconductor layer 7B, 
while the ohmic layer 9D is located on the source side of the 
semiconductor layer 7B. In the selection transistor Ql, a 
data line lOA is laminated on and connected to the ohmic 
layer 9A located on the drain side, and a source electrode 
lOB is laminated on and connected to the ohmic layer 9B 
located on the source side. The source electrode lOB is 
connected to a contact hole 11 formed in the gate insulation 
fibn 6 of the drive transistor Q2. In the drive transistor Q2, 

FIG. 21 is a sectional view of a display apparatus includM 
ing a cathode electrode having a rough surface; 

FJG. 22 is a plan view of a display apparatus according to 
the related art; and 

FIG. 23 is a sectional view of the display apparatus 
illustrated in FIG. 21. 

IO a constant voltage line 12 which is set at a ground potential 
is laminated on and connected to the ohmic layer 9C located 
on the drain side, and a source electrode 13 having two ends 
is laminated on the ohmic layer 9D located on the source 
side. One E:nd of the source electrode 13 is connected to the 

15 ohmic layer 9D, while the other end of the source electrode 
13 is connected to one of cathode electrodes 15 of organic 

DETAILED DESCRIPTION OF TIIE 
PREFERRED EMBODIMENT 

Display apparatuses according to embodiments of the 20 
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. I and 2. FIG. I is a plan view of that 25 
part of the display apparatus of this embodiment which 
corresponds to one pixel. FIG. 2 is a cross section taken 
along the line 2-2 shown in FIG. 1. In th(!se drawings, a 
reference numeral 1 denotes the display apparatus. That part 
of the display apparatus 1 which is illustrated in FIGS. 1 and 30 
2 includes a substrate 2, an n-cbannel transistor Ql, an 
n-cbannel transistor Q2, 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 through. 
The n-channel transistor QI serves as a selection transistor, 35 
while the n-cbannel transistor Q2 serves as a drive transistor. 

'The structure of the display apparatus 1 will be more 
specifically described. Parallel address lines 4 extending in 
a predetennined direction are formed at equal intervals on 
the substrate 2 by patterning a gate metal film which is made 40 

of aluminum (Al) or the like. The selection transistor Ql has 

· EL elements 3. The gate electrode 4B, the constant voltage 
line 12 and the gate insulation film 6 therebetween fonn a 
capacitor Cp. 

Tue 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 run to 1200 nm on selection transistors Ql, 
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 
holes 14A and a corresponding one of the aforementioned 
end portions of the source electrodes 13 are located al.most 
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 14. Each cathode electrode 15 bas 
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 JOA and the adjacent 
address lines 4. The selection transistors Ql 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 electrodes 15· and the interlayer insulation 
film 14, and a transparent anode electrode 17 which is made 
of ITO (indium tin oxide) or IZnO (indium zinc oxide) is 
fanned on the organic EL layer 16. A driving power source 
(not shown) is connected to the anode electrode 17. 

a gate electrode 4A formed in integration with one address 
line 4. The drive transistor Q2 has a gate electrode 4B. 
Anodic oxidation films 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 electrodes 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. Blocking layers SA and SB 
are formed .on the middle portions of the semiconductor 
layers 7 A and_ 7B, respectively, and extend in a channel 
widthwise direction. Ohmic layers 9A and 9B are formed on 
the semiconductor layer 7 A, and are isolated from each other 
at the blocking layer SA. 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 

45 
The organic EL layer 16 includes an electron carrying 

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 SB. The ohmic layer 9C is 

layer, a luminous layer and a bole 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 

50 
hole carrying layer is farthest from the cathode electrodes 
15. The electron carrying layer is made of alwninum-tris 
(8-hydroxyquinolinate) (hereinafter referred to as Alq3). 
The luminous layer is made of 96 wt % 4,4'-bis(2,2-
diphenylvinylene)biphenyl (hereinafter referred to as 

55 DPVBi) and4 wt %4,4'-bis((2-carbazole)vinylene)biphenyl 
(hereinafter referred to as BCzVBi). The hole carrying layer 
is made of N,N'-di(tt-naphthyl)-N,N'-diphenyl-1,l '
biphenyl4,4'-diamine (hereinafter referred to as tt-NPD). 
The thickness of the organic EL layer 16 is on the order of 

60 40 run to 250 run. 

The constitutional formulas of Alq3, DPVBi, BCzVBi 
and a-NPD are shown below: 
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[Punnul;1 J] 

[t-'ommla:!:j 

[Punnuln JI 

[F11nnul.1-IJ 

111c organic EL layer-16 thus fom1ed emits blue light upon 
the appliCation of a predetermined voltage. -15 

the adjacent data lines lOA and the adjacent address lines 4. 
and therefore each EL element 3 emits lighL over the entirety 
of one pixel area. This remru·kably improves the aperturL' When ilw organk EL layer 16 between the ~mode elec

trode 17 and the cnthodc electrodes 15 includes a luminous 
layer which can cany electrons and which is made of 
llt:rylliumbis( 10-hydroxybenzo[h] quinolinatcl (hereinafter :rn 
referred to as Bebq1J, and a hole carrying layer made of 
u-NPD. the organic EL layer 16 can emit green light. 

ratio per pixel in the display apparatus J of this embodiment 
over that of the conventional active matrix type EL display 
apparatus. The cathode electrodes JS arc formed of Mgln 
which reflects 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 

TilC constin1tionnl fommla of Bcbq:? is shown below: 

/h1rmula 5] 

•,,,,,,,,,,,,N 

I 

In the display apprmttus 1 of this emhodiment. each 
cnthodc electrode 15 rnver.~ ont• pixt•I m·ca surrnundt!d b~ 

55 selection transistors QI and the drive transistors Q2. and 
henre thl" molfunc-tion. of the transistors QI and Q2 due to 
the photoelectromotive force is avoided. The light emitted 
by the organic EL layer 16 goes out of the display apparntu.~ 
through the transparent anode electrode 17, without the ligh1 

60 being absorbed by the substrate 2. etc., and ihereforc bright 
display is realized. 

The area of the interface between the organic EL la}'cr 16 
and the cathode electrodes 15 is large. This pennits the 
cathode electrodes 15 and the organic EL layer 16 to he 

fl.' joined together in n preferred condition, and ensures to the 
display apparatus J of this embodiment a luminous lift> 
improved over that of the conventionnl ::ictive matrix type 
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EL display apparatus. The cathode electrodes 15 are fom1ed 
on a flat layer 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 lOA. Consequently, the 
slowing down of signal transmission, caused by a parasitic 
capacitance which would occur if the cathode electrodes 15 
were arranged so as to overlap the address lines 4 or the data 
lines IOA, is prevented. 

When a layer like the organic EL layer 16 is subjected to 
a temperature 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 QI and the 
drive transistors Q2 are manufactured by a heat treatment 
Wlder 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 layer 
is fonned 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 

10 
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 V g 

5 applied to the gate electrode of the drive transistor Q2. The 
source-drain current Ids of the drive transistor Q2 becomes 
saturated when a source-drain voltage V sd applied between 
the source and drain of the drive transistor Q2 exceeds 
approximately 5V. As shown in FIG. 6, the organic EL 

10 
element 3 has a luminance characteristic according to an 
anode-cathode voltage Vac (a forward bias is positive). In 
this embodiment, the luminance (gradation) of the organic 
EL element 3 is controlled by controlling the anode-cathode 
voltage Vac in a range of O(V) to V dd (M). 

The source electrode lOB of the selection transistor Ql is 
15 collllected to the gate electrode 4B of the drive transistor Q2 

through a contact hole l4B. 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 
20 explained with reference to FIG. 7. As shown in this 

drawing, one selection transistor QI, 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 Ql. One data line lOA is con
nected to the drain electrode of each selection transistor QI. 
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 Vnad having a 
ground potential is applied to the other non-selected address 

is formed to the thickness corresponding to the wavelength 2s 
at the luminance 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 pennits light to easily come out 
from the organic EL layer 16 can be achieved. For example, 30 lines 4. In the selection periods, a writing voltage Vr 

according to the luminance is applied to the data lines lOA. 
The driving power source Ps continually applies the constant 
voltage Vdd to the anode electrode 17. 

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 run to 50 run. 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 
run. 

The driving principle of the display apparatus according 
to this embodiment will now be described. FIGS. 3 and 4 are 
equivalent circuit diagrams showing that part of the display 
apparatus 1 which corresponds to one pixel. As shown in 
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 controller Cv is collllected to the cathode electrode 
of the organic 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 corresponding 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 QI, and 
a data line lOA is connected to the drain electrode of the 
selection transistor Ql. The gate of the selection transistor 
Ql is turned on in response to a selection signal supplied 
through the address line 4. While the selection transistor Ql 
is on, an image data voltage supplied through the data line 
lOA is accumulated in the capacitor 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. 

The operation of the display apparatus 1 according to this 
35 embodiment will now be described. 

A gate driver circuit DCl . illustrated in FIG. 7 applies 
voltages through its tenninals Xl to X111 to the address lines 
4, thereby, sequentially selecting the address lines 4. When 
selecting one address line 4 connected to the terminal Xl, 

40 the gate driver circ;uit DC! 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 
circuit DC2 applies the writing voltage Vr through its 
tenninals YI to Yn and the data lines lOA to the drain 

4S electrodes of those of the selection transistors Ql which are 
collllected to the address line 4 connected to the terminal Xl. 
In accordance with the writing voltage Yr, a voltage of OV 
to Vdd {V) is applied to those of the organic EL elements 3 
which correspond to pixels P (1, 1) to P (1, n), and the 

50 organic EL elements 3 applied with the voltage emit light at 
the luminance (gradation) according to the applied voltage. 
In a non-selection period during which the address line 4 
connected to the terminal XI is not selected, the capacitors 
Cp connected to that address line retain the writing voltage 

55 Vr over 1 frame period. Consequently, currents keep flowing 
into 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 DCl applies the non-

60 selection voltage Vnad to the address line 4 connected to the 
tenninal Xl. In order to select another address line 4 
co1U1ected to the tenninal X2, the gate driver circuit DCI 
applies the selection voltage Vad to the address line 4 
connected to the tenninal X2. In the same manner as that 

65 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 
thei_r con-e.'>ponding address lines 4 are not selected. 

Accordingly, even though the display appm·ntus 1 is 
designed to display a highly precise image. the luminance of 
the organic EL elements 3 need not be set high. For exampfo. 
in order to attain a luminance of I 00 cd/m:i at the surface of 
the screen of a conventional passive matrix type display 
npp.'.ll'ntlls, the organic EL elements have to emit light at a 
luminance of about 48000 cd/m:?. However, in the case of 
the display apparatus of this emhodime1lt, a luminance of 
approx 100 cd/m:? suffices as the luminance of the organic 
EL.::kmcm:; .3. 

According to the display apparatus 1 of this embodiment, 
unlike in the <.'asc of the pnssive matrix type organic EL 
display apparatus proposed conventionally, the organic EL 
elements 3 can keep emitting light over 1 frame period. and 
the display apparatus 1 can display an imnge without cnu.<;-
ing the organic EL elements 3 to emit light at a high 
luminance. The display apparatus I of this emhodimcnt can 
display a highly precise halflone image, and the cxpressivity 
of the displayed image is improved. In order to vary a can·ier 
potential at a high speed. a writing voltage which is applied 
to the data Jines JOA while the orgrinic EL elements 3 ru-e 
emitting no light can be set at ~a negati\'C potential in 
accordance with an increase in the number of addn!ss lines 
4, insofar as ~1 P-channel current is not adversely affoc1ed. 

Further. as shown in\ FIG. 9, i1 dic!l!ctric film having a 
thickness of 5 nm or less and which is formed of at least one 
material selected from a group consistmg ot' Si0:2, Lif, Naf. 
rnr :md M!'f.l:. mav he nrnvided between the onrnnic EL 
layer H, and the c~thod~ electrodes 15. When a volmge 
having a predetermined value is applied between the anode 
electrode 17 and the cathode electrode IS. electrons are 
injecled frum the cathode electrodes 15 into the organic EL 
lnycr 16 through the dielectric film 18 due to the tunneling 
effect. After the forn1ation of. for example. the cathode 
electrodes 15 which :u·e easily oxidized, the dielectric film 
18 i.s fonncd so as to cover the cathode electrodes 15 hy n 
vacuum deposition method or the like. The cathode eJec. 
trodt!s 15 covured hy th!.! didectrk· film 18 are not exposed 
to the air. Accordingly. the electron injecting capability of 
the cathode e\ectrOdes 15 is maintained in an excellent 
condition. It is prefen-ed thnt the dielectric film 18 be one 
which can he suCcessfully joined with the cathode electrodes 
15 and the organic EL layer 16 in a preferred state. 

In the multicolor cfull-color) type display apparatus l 
ill.ustrated in FIG. 10. wavelength range conver.sion layers 
52R. 52G and 52G. sandwiched between o.n insulation film 

12 
length conversion layers 52R convert the hlue light emitted 
by the organic EL layer 16 into red light, and emit the 
converted red light. 1l1e wavelength conversion layers 52G 
conve11 the bluc light emitted hy the organic EL layer 16 into 
green light, and emit the converted green light. The wave
length conversion layers 528 convett the blue light emitted 
by the organic EL layer 16 into h\ue light, and emit the 
converted blue light. Therefore. the displny apparatus I can 
ensily display a full-color image. The areas occupied hy the 

10 wavelength conversion layers 52R, 52G and 528 arc set 
equal to those occupied hy the cathode electrodes 15, and 
therefore the light emitting area of each pixel is not small 
e'•en t!1rn11!.',h th1• tr:m~i.~ror~ QI and Q2 arc present. Thi.~ 
pennits the w:\\'elength conversion layers to perform the 

15 
energy conversion with efficiency. 

It is preferred thnt a material having 11 refractive ihdcx 
which approximates to that of the \vavclength con\'ersion 
layers 52R. 52G and 52B. which a.1'e in contact with the 
insulation film 53. be selecte<.I as the material of the insu-

:!O lation film 53. This is because when the insulation film 53 is 
fom1cd of such .i material, the degree of the reflection of 
light at the interface between the insulation film 53 and the 
wavelength conversion layers 52R. 52G and S2B is small. 

The display apparntus 1 illtL<;trated in FIG. 11 includes the 

25 wavelength conversion lo.yers 52R and 52G. This display 
apparatus 1 displays a multicolor (full-color) image. using a.s 
is the hlue light emiuetl hy the organic EL layer 16. 

In the display apparatus 1 illustrnted in FIG. 12. color 
filters SSR. 55G and 558 arc providl!d between n substrate 

Jo I an<.I the wavclc11gth conversion layers S2R. S2G and S2B, 
wsnective\v. Of the light incidem on the color filter layci·s 
s2R. the light components in the red wavelength rnnge pass 
through the color tilter layers 52R. hut the light components 
in the other wavelength ranges ru·c absorbed hy the color 

.l~ filter layers 52R. Of the light incident on the color filter 
layers 52G. the light componetlls in the green wavelength 
range pass through the cO\or tilter layers 52G. hut the light 
components in the other wavelength ranges are absorbed by 
the color filter Javers 520. Of the light incident on the color 

.m filter layers 55B·. the liglu components in the wavelength 
range in which the hlue light emitted by the wa\'elength 
conversion layers 528 folb pass through the color filter 
layers 55B. but the other light components arc absorbed by 
the color filter Javers SSB. In other words, the color filter 

-l5 layers 55B absorb the blue light emitted hy the organic EL 
layer 16. but allow the blue light emitted hy the wavelength 
conversion laye1:o,; 52B to pass through the color filter layers 
55Jl. 

53 formed on the anode elecu·odc 17 and a substrate 51. are .:m 
provided in one-to.one conespondcnce with the cathode 
electrodes 15. A hlack m:tsk containing chromium oxide is 
fom1ed in the areas conesponding to the addre'.1.;.<; lines 4 and 

TI1e color filter J~ycrs SSR have such a characteristic that 
they absorb, of tht· in<.·idcnt light entering the wnvelength 
conversion layers 52R through the substrate 51, the light 
components in the wavelength range of the light by which 
the w:welength con\'Crnion layers 52R .U'C excited (i.e .. the 
light componenu: in the same wa\·elength range as that in 
which excitation light components of the blue light emitted 
by the organic EL layer 16 fall). Under this c0ndition. the 
wavelength conversion layers 52R are not excited by the 
light coming from the outside of the display apparatus 1. TI1e 
color filter layers 550 hose such :1 characteristic that they 
absorb. of the incident light entering the wavelength con
\'ersion layers 52G through the substrate 51, the light 
C{)mponents in the wavelength range of the light hy which 
the wavclem?.th conversion Javers 52G arc cxcitetl (i.e., the 
light compo;1ents in the samC wavelength range as that in 

the data lines JOA. The wavelength range conversion layers 
52R have the photoluminescence effect of absorbing light 55 

whh:h the organic EL layer 16 emit!; in a blue wavelength 
range and emitting light in n longer red wavelength range. 
1l1e wavelength conversion layers 52G ha\'e the photolu
minesccnt effect of absorbing light which the organic EL 
layer 16 emits in the blue wavelength range and emitting oo 
light in n longer green wavelen~th range. The wavelength 
conversion layers S2B have the photoluminescent effect of 
ah.<;orhing light which the organic EL layer 16 emits in the 
blue wa\'elength mnge and emitting light in a longer hlue 
wavelength range. o'i which of the excitation light cmnponcnts of the blue light 

emitted hy the organic EL layer 16 fall). Therefore, the color 
t.:onversion layern 52G urc not cxcitl'd by tlw ex1t•rnal light 

In this display apparatus 1. the organic EL layer which 
emih hlut• litht of a single L'olor is satisfat·tory. Tht• wave 

' .I,' 

fl 

I 
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coming from the outside of the display apparatus 1. The 
wavelength conversion layers S2B 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 SSB have 
such a characteristic that they absorb the blue light emitted s 
by the organic EL layer 16 but allow the blue light emitted 
by the wavelength conversion layers S2B to pass through the 
color filter layers SSB. Consequently, the wavelength con
version layers 52B are not excited by the external light 
coming from the outside of the display apparatus 1. 10 

When the light emitted by the wavelength range conver
sion layers 52R, 52G and S2B enter the color filter layers 
SSR, SSG and SSB, 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 15 
emitted by the layers 52R, 52G and 52B, come out from the 
filter layers SSR, 55G and 55B. 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 20 
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 25 
ensures a considerably excellent display characteristic to the 
displ0.y apparatus 1. Since no light enters also the transistors 
QI and Q2 by virtue of the presence of the black mask 54 
and cathode electrodes 17, the malfunction of the transistors 
QI and Q2 does not occur. 30 

As shown in FIG. 13, the organic EL layer 16 may include 
a red 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 35 
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 40 
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 45 
image if the wavelength conversion layers 52R and 52B are 
provided in correspondence with the color filter layers 55R 
and 55G. 

14 
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. 10 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 a substrate 22 over the entire display area. A base 
insulation film 24, which is made up of a silicol). oxide film 
and/or the like, is patterned on the grounded electrode 23. 
Formed on the base insulation film 24 are parallel address 
lines 48, which are connected each to one of terminals Xl 
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 13.yer 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 
filni"29 is formed so as to cover the upper lind side swfaces 
of the second semiconductor layer 27. The blocking layer 28 
and the second gate insulation film 29 are made of silicon 
nitride and/or the like, and are fanned by a CVD method. 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 FIG. 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 fibn 25, the first semiconductor layer 26, the 
source electrode 30 and the drain electrode 31 thus formed The display apparatus 1 illustrated in FIG. 15 has wave

length conversion layers 57R, 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 fihn 53 lind the wavelength 
conversion layers 57R, 57G and 578, 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 film 53 and the wavelength 
conversion layers 57R, 57G and 57B at an incident angle 
different from the initial incident angle. Under this 
condition, it is easy for the wavelength conversion layers 
57R, 570 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 57R, 57G and 57B with
out the light being wasted. 

50 constitute a selection transistor Q3. The input impedance of 
the selection transistor Q3 is set at a large value. The drain 
electrode 31 shown in FIG. 17 is patterned and formed in 
integration with a corresponding one of data lines 47, which 
are connected each to one of terminals YI to Yn connected 

The display apparatus 1 of the above embodiment has the 
structure shown in FIG. 7. However, as shown in FIG. 16, 

55 to a drain driver circuit (described later). The source elec
trode 31 shown in FIG. 17 is patterned and fanned in 
integration with a gate electrode 32 which crosses over the 
middle part of the second semiconductor layer 27, with the 
second gate insulation fihn 29 being located between the 

60 second semiconductor layer 27 and the gate electrode 32. 
The source electrode 30 and the gate electrode 32 are 
patterned 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 

65 insulation fihn 29 fanned 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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connecled to the grounded electrode 23 through a contact 
hole 24A formed in the base insulation film 24. 

A source electrode 36 and a draiirelectrode 37 ru·e forme<l 
on both sides of the gate electrode 32 of the second semi
conductor layer 27. The second semiconductor layer 27, the 
second gme insulation film 29, the gate electrode 32, the 
source electrode 36 and the drain electrode 37 form a drive 
transistor Q4. The dnlin electrode 37 shown in FIG. 17 is 
formed in integration with n 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 
i.~ connected to an EL upper electrode 40 included in rm 
organk EL elem.cot 39. In the display apparntus 21. tile 
selection transistor Q3. the drive transistor Q4 and the 
capacitor Cp2 form a voltage controller. 

As shown in FIGS. 17 and 19, each organic EL element 
39 inclutfos .11igl1t-shielding EL lower electrode 42 made of 
Mgln and/or the like and serving as a cathode electrode, an 
organic EL layer 41 fanned on the EL lower electrode 42. 
and a transparent EL upper layer 40 made of ITO and/or the 
like and fonned on the organic EL layer 41. The EL upper 
dectrode 40 serves as an anode electrode. 

The organit· EL layer 41 includes an eler.:tron caffyilrg 
layer, a luminous layer and a hole carrying layer. Of those 
layers included in the organic EL layer 41. the electron 
c:in·ying lnyer is closest to the EL lower electrode 42, and the 
hole can·ying layer is fmthest from the EL lower electrode 
42. 1l1e electron cmTying la)•er is made of Alq3. The 
Juminuw, layer is mndc of 96 wt % DPVBi nntl 4 wt % 
BCzVBi. The hole ca1Tying layer is nulde of N.N'-di!a.
naphthyl )-N .N'-c\ipheny 1- J, I' -b1 p11e11yi-...j., .. j.' .c.iiami1w 
(referred to as a.-NPDJ. 

1l1e organic EL element 39 is formed on an interluyer 
insulmion film 43 which covers the selection transistor Q3 
and the drive lransistor Q4 mu! which is formed over the 
entire display area. 'I he EL lower electrode 42 b, r..:unne..:teJ 
to the grounded electrode 23 through a contact hole 44 
fom1ed in the first gate insulation film 25 and the base 
insulation film 24. Of the ru·ea sun-ounded by a two-dot chain 
line in FIG. 17. the ptll't except a prnjccting portion 40A is 
covered bv the EL lower electrode 42. The EL lower 
electrode 42. which is a rectangular electrode covering th!.! 
selection transistor Q3, the drive transistor Q4 and the 
cnpadtor Cp2. etc., occupy the most pru·t of the nrea occu
pied by ·one pixel. The organic EL layer 41 is a layer 
extending over the entire display area. The EL upper elec
trode 40 extends over the area surrounded by the two-dot 
chain line in FIG. 17. The projecting portion 40A of the EL 
up~er electrode 40 is connected to the source elecu·odc 36 of 
thifdrive transistor Q4 through a contact hole 45, as shown 
in FIG. 17. The power source line 38 is connected to the 
driving power source Ps which continually applies the 
consrnnt voltage Vdd. 

FIG. 20 is a diagram showing: driver circuits included in 
the display apparatus 21 illustrated in FIG. 17. 

A drive met_l1od for having the display appru·atus 21 of this 
embodiment emit light will now be desctibcd. 

A gate driver circuit DC3 is driven to output a selection 
signal to any one of the address lines 48. In 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 ad.dress lines 48 is 

16 
during scanning period. Upon the application of the 
selection signal. selection trnnsistors Q3 in FIG. 20 arc 
turned on. and a voltage according to the data signal output 
to the data lines 47 is applied to tht.! gate electrodes 32 of 

5 drive trnnsistors Q4. and is stored in capacitors Cp2. The 
capacitors Cp2 retain the voltage according to the data signal 
over l frame period, and the vnlue of the resistance in the 
drive transistors Q4 is controlled to a substantially constant 
value until the next selection pe1iod by the potential Vt· 

tu retained in the capacitors Cp. In accordnnce with the vnlue 
of the resistance in the drive trnnsistors Q4. the potential 
V dd is applied through the power source line 38 to the 
organic EL layer 41. A'i a result. n sub.~tantinlly con'>tant 
current flows through the orgamc t.L tayer 4i. anc.i 1hc 
organic EL layer 41 emits light at a substantially constant 

15 luminance during I frame pcllod. By repeating those 
operations. the display apparan1s 21 can maintain the state of 
emitting light, and accordingly the contrast in an image 
displayed on the display apparatus 21 is remarkably 

10 ~;~;i~~'.:~,~;:~u!~
1
~h~~;:e;~~:~~l s~;~~:~~ 1~

1
~}:i~r;~~~c :t 

layer 41 r.:an be precisely controlled through· the use of the 
transistors Q3 and Q4. the display apparatus 21 can perfonn 
gray.scnle display with ea.~c. If wavelength conversion lay. 
ers and/or color filter layers ru·e used as shown in FIGS. 10 

:!S to 15, the display appuratus 21 can perfonn full-color 
(multicolor) display as well. )·,. 

In the display apparatus 21 of this embodimeuL. the nrea 
occupietl hy each EL lower electrode 42 is not limited hy the 
thin film transislt1rs Q3 and Q4. 1l1erefore'. the ratio of the 

:m light emiuing area to each pixel area can be enhanced, with 
lhc ,~suh ilml tli1: \ii'i,<Hii.: EL clCm:::n::: :w c~r: !!mit Eght nt 
th!.! desired luminance without the application of an exces
sively high voltage. 

.lS Since the EL lower electrotlcs 42 are made of a light-
shielding mau:rfal, th!.' light emitted hy the organic EL layer 
41 docs not enter the selt!t:tion trani.i<:tnr<; Q3 or drive 
transistors Q4 located below the EL lower electrodes 42. 
Accordingly. the transistors Q3 and Q4 nre prevented From 

.w malfunctioning 1.lue to such light, and the display apparntu.<; 
21 of this embodiment can bl.! reliahly diiwn. 

1l1e area of the interface between the orgnnic EL laye1· 41 
and the EL lower electrodes 42 is large. 1l1is permits the 
organk EL layer 41 and the EL lower electrodes 42 to bl-

-IS joined together in a prefe1Tetl condition, and ensures to the 
display apparatus 21 of this embodiment a luminous lift! 
improved over that of the conventional active matrix type 
EL display apparatus. TI1e EL lower electrode.~ 42 are 
fom1ed on a fiat layer having no steps. and therefore are free 

50 from the possibility of the EL lower electrodes 42 hr~aking 
at steps. 

The grounded electrode 23 formed over the entire display 
area is_ made of a light.shielding metal such as Al, and 
therefore can shich.l the light coming from the substrate 22 

:,s and can make the ligln enter the transistors Q3 and Q4. 
Tn the embodiments described above. polycrystnlline sili· 

con can he used in place of amorphous silicon in ortlcr to 
fom1 the semiconductor layers of the transistors. However, 
amorphous silicon elements are preferable to polyc1ystallint.' 

Ml silicon elements. 

N, 1 scanning period during 1 frame period Tis TIN, anll the 
selection signal has such a voltage value as to enable the 65 
writing \'Oltnge Vr exceeding the .gate threshold Yalue Vth or 
sck•t·tion tr:u1.<;i .... 1or:.; ().3 1(1 he npplied to the :1ddress line 48 

In the above-described embodiments, impurity-doped 
silicon nitride films, which has a capability to catch c:111·ier!-. 
and store a gate voltage, can be employl!d as the gate 
insulation films of the tlriw transistors. By thus confening 
the voltage storing capability on the drive transistors them
selves in addition to the use of the capacilors. the volt,1gc 
storing capability of the entire circuitry is improvl.!d. 
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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 

18 
at least one second electrode formed on said organic 

electroluminescent layer which covers said active ele
ments. 

at a large value, the selection transistors have the effect of 
suppressing the amount of current flowing 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 cUITent 
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 voltage 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. 

2. The display apparatus according to claim 1, wherein 
s said at least one first electrode is forn1ed 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. 

IO 4. The display apparatus according to claim 1, wherein 
said active elements are a selection transistor which is turned 
on in response to an externally supplied address signal and 
a drive transistor, which is driven by a signal corresponding 
to image data supplied. externally through _said selection 

The present invention is not limited to the above 
embodiments, and various 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 low work function and containing Mg 
and/or the like can also be used. It is also possible to form 

15 tranSistor while said selection transistor is on, for controlling 
a voltage to be applied to said organic. electroluminescent 
layer, said selection transistor and said drive transistor 
fonning a pair. 

5. The _display apparatus according to claim 4, wherein 
20 said at least one first electrode is co1U1ected to said drive 

transistor through said at least one contact hole. 

the cathode electrodes 15 so as to have ·rough surfaces and 
to form the organic EL layer 16 on those iough surfaces, as 25 
shown in FIG. 21. The cathode electrodes 15 having such 
rough swfaces 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 30 
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 a long luminous 
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 35 

only. However, the display apparatuses may include liquid 
crystal display panels as shutters. 

In the above-described embodiments,_ the driving power 
source Ps continually applies a constant voltage to the 

40 
organic EL elements. However, since the luminance of the 
organic EL elements is determined by the an10unt of recom
bination of electrons and holes, that is, the amount of 
cWTent, the structure wherein the driving power source Ps 
applies a constant voltage is particularly advantageous when 

45 the areas occupied by the pixels are substantially equal to 
each other as in the case of matri,x panels according to the 
above embodiments. 

What is claimed is: 
1. A display apparatus comprising: 
a substrate; 
active elements formed over said substrate and driven by 

an externally supplied signal; 

so 

an insulation film formed over said substrate so as to 
cover said active elements, said insulation having at 55 
least one contact hole; 

at least one first electrode formed on said insulation film 
so as to cover said active elements, and co1U1ected to 
said active elements through said at least one contact 
hole, said at least one first electrode being made of a 60 
material which shields visible light; 

an organic electroluminescent layer having an organic 
clectroluminescent 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 accor- 65 
dance with a voltage applied to said at least one layer; 
and 

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 transistors forming pairs and 

arranged in a matrix pattern, one transistor of each of 
said pairs being a selection transistor which is turned on 
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 organic 
electroluminescent layer; 

said selection transistor of each of said pairs is collllected 
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 said 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 b}' absorbing 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 least one wavelength conversion layer has at least two 
of a red conversion 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 nccording to claim 1. wherein: 

said display apparatus further comprises at least one filter 
formed above sai<l at leas! one second electrode: and 

light lays in a first waveleng1h range pass through said at 
least one filter selectively when incident ligh! r:1ys in a 
second wavelength range including sai<l first wave
length range enter said at least one filler. 

13. The display opparatus according to claim 12. wherein 

said at least one filter has a red filter which makes light in to 
a red wa\•elcngth range pass through, a green filter 
which makes light in a green wavelength range pass 
i.luuugii. m1J .:1 Mu<.: filt..:r whi.:h mak.:!:; light i:: :i. blue 
wavelength range pass through. 

14. The display apparatus according to claim 1. wherein 
15 

said organic electroluminescent layer has a thicknes.'- whose 
value falls in a range of wavelength of light which sail.I 
organic electroluminescent laycr emits. 

15. A display apparatus comprising: 

a substrate: 
selection transistors formed over said substrate and 

unnnged in a matrix pattern; 

'.!O 

20 
first electrodes made of a material which shields visible 

light. and fanned on said insulation film so as to cover 
said selection transistors and said drive transistors, said 
first electrodes being amm,ged in a matrix pattern in 
m·eas· smToumfod by said address lines and said data 
lines, and being connecteJ to said drive transistors 
through said contact holes; 

an organic electroluminescent layer fanned llll said first 
elecn·odes which covers said selection transistors and 
said drive transistors and including at least one layer 
which emits light in acL·onlnrn:e with an applied \'Olt

a~c: 
a second electrode formed on said organic electrolumi

nescent luyer which covers said selection trnn.~istors 
and said drive transi.~tor.~: 

a first driver circuit for sekcti\'ely supplying said addres). 
signal to said address Jine/i in st:quem:I.!; and 

n /iecond driver circuit for supplying said image data to 
said data lines. 

16. Tht! display apparatus accor<ling to claim 15. wherein 
a constant voltage is applied to said secoml elcctrodt!. 

17. The displny apparatus according to claim 1. wherein 
said display apparatus further compiiscs at lea.~t one filler. 

drive transistors formed over said substrate and amrnged 
in a matrix pattern. each of .~ai<l drive transistors being 
conncctc<l to one of said selection transistors: 

nddress Jines connected to said selection transistors :md 
through which a signal for turning on said selt!ction 
transistor.~ is supplied: 

~.'i formed above sni<l at least one second electrode, which 
selectively permits light rays in a first wavelength range to 
pass thercthrough whl'll inddcnt light rays in a second 
wavelength range including said first wavelength range enter 

datn lines connected to said selection transistors, :i sigual .,u 
which coll'espond.'s 10 image data being supplied to said 
drive transistors through said data Jines and ·'-<lid ... elec
tion transistors while said selection transistors are on; 

said at least one filter. 
18. 111c display appunnu.~ uccm<ling tu daim 17. wherein 

said at least one filter has a red Jiltt.?r which pennits light in 
u red wavelength range to pass thcrcthrough, a b'1'een filter 
which pcm1its light in a grt.?en wnvelength rangt.? to pa.'-S 
thercthrough. and a blue filter which permits light in a blue an insulation film fanned m•cr said substrnte so as to 

cover said drive transistors. said address line.~ uncl .~aid 
data lines, said insuhltion film h:wing contact halt.!:,; 
formed in coffespondern.:e with said drive transistors: 

1~ wavelength range to puss thcrethrough. 

* * 
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