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ELECTRO-OPTICAL DEVICE AND ELECTRONIC 
APPARATUS 

[0001] This is a Continuation of application Ser. No. 
10/691,671 ?led Oct. 24, 2003. The entire disclosure of the 
prior application is hereby incorporated by reference herein 
in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field of Invention 

[0003] The present invention relates to an electro-optical 
device and electronic apparatus provided With the electro 
optical device. 

[0004] 2. Description of Related Art 

[0005] Hitherto, an electro-optical device is knoWn that 
includes an organic electroluminescent (organic EL) display 
that has laminated structure composed of anodes, hole 
injection layers, luminescent layers made of an electro 
optical material such as an EL material, and cathodes on a 
substrate. Organic electroluminescent elements constituting 
the organic EL display have problems in Which the life time 
of the organic EL elements are shortened by the deteriora 
tion of a electro-optical material constructing the lumines 
cent layer and the decrease of conductivity of cathodes, due 
to oxygen or moisture. 

SUMMARY OF THE INVENTION 

[0006] As a typical technique for solving the problems, for 
example, a method for manufacturing organic EL elements 
including protective layers that covers luminescent layers or 
cathodes are knoWn. (For example, referring to Japanese 
Unexamined Patent Application No. 8-111286 (FIG. 1). 

[0007] In the method for manufacturing the organic EL 
elements, hoWever, the case of organic EL elements having 
a plurality of luminescent layers is not described. This 
method is di?icult to apply for an electro-optical device 
provided With the display having a plurality of the organic 
EL elements. Therefore, prolonging the lifetime of a plural 
ity of the luminescent elements (organic EL elements) 
included in the electro-optical device can be dif?cult. 

[0008] The present invention is achieved in vieW of at 
least the above-mentioned problems, an object of the present 
invention can be to provide an electro-optical device that has 
a long lifetime of luminescent elements by surely and easily 
preventing oxygen or moisture from entering to luminescent 
layers or electrodes and an electronic apparatus provided 
With the electro-optical device. 

[0009] To achieve the object, an electro-optical device can 
include ?rst electrodes on a base body, a plurality of element 
areas including element layers having at least one functional 
layers disposed above the ?rst electrodes, a second electrode 
formed above the element layers, a surrounding sections 
disposed on the base body so as to cover outer sides of the 
element layers included the element areas in the nearest 
proximity of the periphery of the base body, and a gas 
barrier layer covering over the second electrode, Wherein 
outer sides of the surrounding sections are covered With the 
second electrode, and the gas-barrier layer is in contact With 
the base body. 

[0010] According to the electro-optical device, surround 
ing sections can be formed so as to cover outer faces of 
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peripheries of element layers included in element areas. The 
outer faces of the surrounding sections are covered With 
second electrode. The second electrode is covered With 
gas-barrier layers. Particularly, the outer faces of the periph 
eries of the element layers included in element areas are 
triply sealed by the surrounding sections, the second elec 
trode, and the gas-barrier layer; hence, these layers surely 
prevents oxygen or moisture from entering luminescent 
layers to block the deterioration of the electrodes and the 
element layers due to oxygen or moisture. Thus, the lifetime 
of the luminescent elements is prolonged. 

[0011] The second electrode or the gas-barrier layer are 
not needed for forming each element layer (for example, the 
luminescent layers). Hence, ?ne patterning is not required, 
and a simple method for forming ?lms may be performed to 
increase productivity. 

[0012] According to the electro-optical device, the ele 
ment layers function by carriers supplied from the ?rst 
electrodes or the second electrode and passing through the 
element layers. When the carriers pass through the element 
layers, at least part of the element layers has the different 
probability of presence of electrons and holes, hence, the 
positive and negative charges in the area may be out of 
balance. Material that resides in the area has generally high 
reactivity, for example, reacts With oxygen or moisture to 
form defects in the area. The defective area becomes carri 
ers-capturing site to impair the function of the element 
layers. The element layers need to be suf?ciently protected 
from the deterioration factor such as oxygen or moisture and 
are protected against oxygen or moisture by the surrounding 
sections or the gas-barrier layers. 

[0013] Carrier-injection e?iciency is signi?cantly affected 
by the state of electrodes, hence, the electrodes need to be 
protected against the deterioration factor such as oxygen or 
moisture in order to appropriately maintain the carrier 
injection efficiency. As described above, the electrodes are 
also protected against oxygen or moisture by the surround 
ing sections or the gas-barrier layers. 

[0014] In the electro-optical device, the gas-barrier layer is 
preferably composed of an inorganic compound or a silicon 
compound. 

[0015] In the case of the second electrode composed of, 
for example, an inorganic oxide such as indium tin oxide 
(ITO), a metal or an alloy, since the gas-barrier layer is 
composed of an inorganic compound or a silicon compound, 
the second electrode has excellent adhesion to the gas 
barrier layer. Thus, the gas-barrier layer becomes a defect 
free and dense layer that have an improved barrier property 
against oxygen or moisture. 

[0016] According to the electro-optical device, at least the 
face in contact With the gas-barrier layer of the second 
electrode is preferably composed of an inorganic oxide. 

[0017] In this case, the second electrode has excellent 
adhesion to gas-barrier layer composed of an inorganic 
compound or a silicon compound to alloW the gas-barrier 
layer to become defect-free and dense layer that have an 
improved barrier property against oxygen or moisture. 

[0018] According to the electro-optical device, an angle 
de?ned by the outer faces of the surrounding sections and 
the base body is preferably 1100 or more. In this case, the 
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second electrode that covers the outer faces of the surround 
ing sections and gas-barrier layer have excellent step cov 
erage; hence, the second electrode and the gas-barrier layer 
on the outer faces have high continuity. 

[0019] According to the electro-optical device, the electro 
optical device is preferably an active matrix electro-optical 
device. 

[0020] The second electrode is not necessary for each 
luminescent layer, hence, ?ne patterning is not required, and 
a simple method for forming ?lms may be performed to 
form the second electrode to increase productivity. 

[0021] According to the electro-optical device, the gas 
barrier layer preferably has an oxygen concentration Which 
is loWer at a face adjacent to the second electrode than at the 
upper face. In this case, this structure can prevent oxygen in 
the gas-barrier layer from moving through the second elec 
trode toWard the luminescent layers; and deteriorating the 
luminescent layer. Therefore, this structure can prolong the 
life of the luminescent layers. 

[0022] According to the electro-optical device, a protec 
tive layer on the gas-barrier layer preferably covers the 
gas-barrier layer. In this case, the luminescent layers or the 
electrodes are protected by the protective layer to block the 
deterioration of the luminescent layers and electrodes due to 
oxygen and moisture. Thus, the lifetime of the luminescent 
layers is prolonged. 

[0023] According to the electro-optical device, the pro 
tective layer preferably includes a surface-protective sub 
layer on the surface of the protective layer. In this case, the 
surface-protective layer having functions that are, for 
example, pressure resistance, Wear resistance, anti-re?ectiv 
ity for light, a gas-barrier property, and an ultraviolet block 
ing property is formed; hence, the luminescent layers, the 
electrodes, and gas-barrier layer are protected by the sur 
face-protective layer to prolong the lifetime of the lumines 
cent layers. 

[0024] According to the electro-optical device, the pro 
tective layer is preferably provided With a buffer layer that 
adheres to the gas-barrier layer and has a buffer function 
against mechanical shock on the gas-barrier layer side. In 
this case, the buffer layer absorbs the mechanical shock to 
the gas-barrier layer and the luminescent elements beloW the 
gas-barrier layer and can prevent the gas-barrier layer and 
the luminescent layers from deteriorating by the mechanical 
shock. 

[0025] The buffer layer preferably includes silane cou 
pling agents or alkoxysilane. In this case, the adhesion 
betWeen the buffer layer and the gas-barrier layer is 
improved; hence, a buffer function against mechanical shock 
is improved. 

[0026] The electronic apparatus according to the present 
invention can be provided With the electro-optical device. 
Such electronic apparatus that is provided With the electro 
optical device including the luminescent elements that have 
a prolonged lifetime by blocking the deterioration of the 
luminescent layers and the electrodes due to oxygen or 
moisture, hence, the electronic apparatus has a prolonged 
lifetime. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The invention Will be described With reference to 
the accompanying draWings, Wherein like numerals refer 
ence like elements, and Wherein: 

[0028] FIG. 1 is a schematic vieW shoWing a Wiring 
diagram according to the EL display of the present inven 
tion; 
[0029] FIG. 2 is a plan vieW shoWing typical structure 
according to the EL display of the present invention; 

[0030] FIG. 3 is a cross-sectional vieW taken along the line 
A-B in FIG. 2; 

[0031] FIG. 4 is a cross-sectional vieW taken along the line 
C-D in FIG. 2; 

[0032] FIG. 5 is an enlarged cross-sectional vieW of a 
relevant part of FIG. 3; 

[0033] FIG. 6 is a cross-sectional vieW for describing a 
method for manufacturing EL display in process order; 

[0034] FIG. 7 is a cross-sectional vieW for describing 
processes folloWing FIG. 6; 

[0035] FIG. 8 is a cross-sectional vieW for describing 
processes folloWing FIG. 7; 

[0036] FIG. 9 is a cross-sectional vieW for describing 
processes folloWing FIG. 8; 

[0037] FIG. 10 is a cross-sectional vieW for describing 
processes folloWing FIG. 9; 

[0038] FIG. 11 is an enlarged cross-sectional vieW of a 
relevant part of other EL display according to the present 
invention; 
[0039] FIGS. 12A to 12C are perspective vieWs shoWing 
electronic apparatus according to the present invention; and 

[0040] FIG. 13 is a graph shoWing the thickness depen 
dence of the moisture permeability for silicon compound 
?lms. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0041] According to an embodiment of an electro-optical 
device of the present invention, an electroluminescent (EL) 
display including of an EL material as an example of an 
electro-optical material, in particular, an organic EL material 
is described. 

[0042] Referring to FIG. 1, a Wiring structure of an EL 
display according to the embodiment is described. An EL 
display 1 (electro-optical device) is an active matrix EL 
display including thin ?lm transistors (TFTs) as sWitching 
elements. As shoWn in FIG. 1, this EL display 1 can include 
a plurality of scanning lines 101, a plurality of signal lines 
102 that are disposed perpendicular to the scanning lines 
101, and a plurality of poWer supply lines 103 that are 
disposed parallel to the signal lines 102. Pixel-areas X are 
provided in the vicinity of respective intersections of the 
scanning lines 101 and the signal lines 102. 

[0043] The signal lines 102 are connected to a data line 
driving circuit 100 including a shift register, a level shifter, 
a video line, and an analog sWitch. The scanning lines 101 
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are connected to a scanning-line-driving circuit 80 including 
the shift register and the level shifter. 

[0044] Each of pixel areas X is provided With a switching 
TFT 112 having a gate electrode to Which a scanning signal 
is supplied through the corresponding scanning line 101, a 
storage capacitor 113 retaining a shared pixel signal from the 
corresponding signal line 102 via the sWitching TFT 112, a 
driving TFT 123 having a gate electrode to Which the pixel 
signal retained in the storage capacitor 113 is supplied, a 
pixel electrode 23 into Which a driving current ?oWs from 
the poWer source line 103 When the pixel electrode is 
electrically coupled to the corresponding poWer source line 
103 via the driving TFT 123, and a functional layer 110 
disposed betWeen the pixel electrode 23 and a cathode 50. 
The pixel electrode 23, the cathode 50, and the functional 
layer 110 de?ne a luminescent element (organic EL ele 
ment). 
[0045] According to the EL display 1, driving a scanning 
line 101 alloWs respective sWitching TFTs 112 to be in an 
ON mode, and the potential of the signal lines 102 at this 
time is stored in the storage capacitors 113. An ON or an 
OFF mode of the driving TFTs 123 is determined based on 
the state of the storage capacitors 113. Then a current passes 
from the poWer source lines 103 to the pixel electrodes 23 
via channels of the driving TFTs 123 and through the 
cathode 50 via the functional layers 110. The functional 
layers 110 emit light in accordance With current ?oWing in 
the functional layers 110. 

[0046] Referring to FIGS. 2 to 5, a structure of the EL 
display 1 according to the embodiment is described. 

[0047] As shoWn in FIG. 2, the EL display 1 according to 
the embodiment is an active matrix display provided With an 
insulating substrate 20. Apixel electrode region (not shoWn) 
includes pixel electrodes connected to sWitching TFTs (not 
shoWn) and arrayed into a matrix on the substrate 20. PoWer 
source lines (not shoWn) are disposed around the region 
including the pixel electrodes and are connected to the 
respective pixel electrodes. A pixel area 3 (Within alternate 
long and short dashed lines in FIG. 2) that is substantially 
rectangular in plan vieW is located at least on the region 
including the pixel electrodes. According to the present 
invention, the substrate 20, as described in greater detail 
beloW, including the sWitching TFTs, various circuits, and 
interlayer insulators and others formed on the substrate is 
referred to as a base body (shoWn as reference numeral 200 
in FIGS. 3 and 4). 

[0048] A pixel area 3 is Zoned an actual display area 4 in 
the center of the pixel area 3 (Within alternate long and tWo 
short dashes line in FIG. 2) and a dummy area 5 disposed 
around the actual display area 4 (an area betWeen the 
alternate long and short dashed lines and the alternate long 
and tWo short dashes line). 

[0049] In an actual display area 4, display areas R, G, and 
B, each having a pixel electrode, are arrayed into a matrix, 
at a distance in A-B and C-D directions. 

[0050] Further, scanning-lines-driving circuits 80 and 80 
are disposed on both right and left sides of the actual display 
area 4 in FIG. 2. These scanning-lines-driving circuits 80 
and 80 are disposed under the dummy area 5. 

[0051] Furthermore, a checking circuit 90 is disposed 
above the actual display area 4 in FIG. 2. The checking 
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circuit 90 for checking the operating state of the EL display 
I has, for example, means for outputting the results of 
checking to an external device (not shoWn) and inspects the 
defects or quality of displays at the time of shipping or 
during manufacturing. The checking circuit 90 is also dis 
posed under the dummy area 5. 

[0052] Driving voltages are applied from a predetermined 
poWer supply through a driving-voltage conductive lines 
310 (see FIG. 3) and a driving-voltage conductive lines 340 
(see FIG. 4) to the scanning-lines-driving circuits 80 and 80 
and the checking circuit 90. Driving-control signals and the 
driving voltages for the scanning-lines-driving circuits 80 
and 80 and the checking circuit 90 are sent and applied from 
a predetermined main driver to control the operation of the 
EL display 1 through driving-control-signal conduction lines 
320 (see FIG. 3) and driving-voltage conduction lines 350 
(see FIG. 4). The driving-control signals are de?ned as 
command signals from the main driver for controlling output 
signals from the scanning-lines-driving circuits 80 and 80 
and the checking circuit 90. 

[0053] As shoWn in FIGS. 3 and 4, the EL display 1 can 
include a plurality of electroluminescent elements (organic 
EL elements), each being provided With the ?rst electrode 
(the pixel electrodes 23), luminescent layers 60 de?ned as 
functional layers according to the present invention, and the 
second electrode (the cathode 50) formed on a base body 
200. Further, these layers are covered With a gas-barrier 
layer 30. 

[0054] According to the embodiment, the functional layers 
are de?ned as the luminescent layers 60, and an area 
composed of the element layers including the functional 
layers is de?ned as an elemental area (not shoWn). The 
functional layers according to the present invention are 
typically luminescent layers (electroluminescent layer), and 
the functional layers may also be de?ned as carrier injection 
layers such as hole or electron injection layers, or carrier 
conduction layers such as hole or electron conduction layers. 
Furthermore, the functional layers may also be de?ned as 
hole or electron blocking layers. 

[0055] In the case of a top-emission EL display, lumines 
cent light emerges from the gas-barrier layer 30 remote from 
the substrate 20, hence, the substrate 20 constituting the base 
body 200 may be a transparent substrate or an opaque 
substrate. Materials for the opaque substrate are ceramics, 
such as alumina, sheets of metals, such as stainless steel, 
Which are subjected to insulation treatment such as surface 
oxidiZation, thermosetting or thermoplastic resins, and ?lms 
(plastic ?lm) of the thermosetting or thermoplastic resins. 

[0056] In the case of a back-emission EL display, lumi 
nescent light emerges from the substrate 20, hence, the 
substrate 20 may be a transparent substrate or a semitrans 
parent substrate. Materials for the transparent or the semi 
transparent substrate are, for example, glass, quartz, and 
resins (plastic or plastic ?lms), in particular, glass is pref 
erably used for the substrate. According to the embodiment, 
the top-emission EL display emerges luminescent light from 
the gas-barrier layer 30, hence, the substrate 20 may be the 
opaque substrate composed of, for example, the opaque 
plastic ?lm. 

[0057] A plurality of the luminescent elements (organic 
electroluminescent elements) are disposed on a circuit sec 
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tion 11 that includes the driving TFTs 123 for driving the 
pixel electrodes 23 on the substrate 20. As shoWn in FIG. 5, 
the luminescent elements can include the pixel electrodes 23 
(the ?rst electrodes) functioning as anodes, hole conduction 
layers 70 that inject or conduct holes from the pixel elec 
trodes 23, the luminescent layers 60 composed of an organic 
EL material that is an electro-optical material, and the 
cathode 50 (the second electrode), formed in that order. 

[0058] Under this structure, recombination of holes 
injected from the hole conduction layers 70 and electrons 
injected from cathode 50 in the luminescent layers 60 causes 
luminescent elements to emit luminescent light. 

[0059] According to the embodiment, the use of the top 
emission EL display does not require transparent electrodes 
as the pixel electrodes 23, and the pixel electrodes 23 are 
formed of any suitable conductive material. 

[0060] Materials forming the hole conduction layers 70 
are polythiophene derivatives, polypyrrole derivatives, and 
doped polythiophene or polypyrrole derivatives. For 
example, a dispersion liquid of poly(3,4-ethylenediox 
ythiophene)-poly(styrene sulfonate) (PEDOT/PSS) [trade 
name; Baytron P: manufactured by Bayer AG] is used, 
namely poly(3,4-ethylenedioxythiophene) is dispersed in 
poly(styrene sulfonate) as a dispersion medium, and the 
dispersion is further dispersed into Water. 

[0061] Materials for forming the luminescent layers 60 
may be knoWn luminescent materials that can ?uoresce or 
phosphoresce. Preferably used are, for example, (poly)?uo 
rene (PF) derivatives, (poly)-p-phenylenevinylene (PPV) 
derivatives, polyphenylene (PP) derivatives, poly-P-phe 
nylene (PPP) derivatives, polyvinylcarbaZole (PVK), poly 
thiophene derivatives, and polysilanes, such as polymeth 
ylphenylsilane (PMPS). 
[0062] These polymeric materials may be doped With 
polymeric pigments such as perylene pigment, coumalin 
pigment, and rhodamine pigment, or loW molecular Weight 
materials such as rubrene, perylene, 9,10-diphenylan 
thracene, tetraphenylbutadiene, Nile red, coumalin 6, and 
quinacridone. 

[0063] These polymeric materials may be replaced With 
knoWn loW-molecular Weight materials. 

[0064] An electron injection layer may be formed on the 
luminescent layer 60, if necessary. 

[0065] As shoWn in FIGS. 3 to 5, according to the embodi 
ment, the hole conduction layers 70 and the luminescent 
layers 60 are surrounded by lyophilic control layers 25 
arrayed into a grid and organic bank layers 221 on the base 
body 200, hence, the surrounded hole conduction layers 70 
and the luminescent layers 60 are de?ned as element layers 
forming single luminescent elements (organic EL elements). 

[0066] According to the present invention, outermost 
periphery of the lyophilic control layers 25 arrayed into a 
grid and the organic bank layers 221 on the base body 200 
are de?ned as surrounding sections 201 that cover the outer 
faces of the outermost periphery of the luminescent layers 
60. 

[0067] Regarding the organic bank layers 221 that are 
formed on the surrounding sections 201, the angle 0 de?ned 
by outer faces 20111 of the organic bank layers 221 and the 
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base body 200 is 110° or more. By an angle of 1100 or more, 
as described beloW, the cathode 50 formed on the surround 
ing sections 201 and the gas-barrier layer 30 formed on the 
cathode 50 have excellent step coverage, hence, the cathode 
50 and the gas-barrier layer 30 on the outer faces 20111 of the 
organic bank layers 221 have high continuity. 

[0068] As shoWn in FIGS. 3 to 5, the cathode 50 has a 
Wider area than the sum of that of the actual display area 4 
and the dummy area 5, and covers the actual display area 4 
and the dummy area 5. The cathode 50 is formed on the base 
body 200 so as to cover top faces of the luminescent layers 
60, the organic bank layers 221, the surrounding sections 
201, and the outer faces 20111 of the surrounding sections 
201. As shoWn in FIG. 4, the cathode 50 is connected to 
cathode poWer supply lines 202 that are formed on the 
periphery of the base body 200 and outer sides than the outer 
faces 20111 of the surrounding sections 201. The cathode 
poWer supply lines 202 are connected to a ?exible substrate 
203. The cathode 50 is connected to a driving IC (driving 
circuit) (not shoWn) formed on the ?exible substrate 203 
through the cathode poWer supply lines 202. 

[0069] According to the embodiment, the top-emission EL 
display requires a transparent cathode that transmits light, 
hence, the cathode 50 is composed of a transparent conduct 
ing material. The transparent conducting material is prefer 
ably indium tin oxide (ITO). In addition, amorphous trans 
parent conductive materials such as indium Zinc oxide (IZO; 
Registered trademark: manufactured by Idemitsu Kosan 
Co., Ltd.) may also be used. In this embodiment, the 
transparent conducting material is ITO. 

[0070] The gas-barrier layer 30 covers exposed areas of 
the cathode 50 on the base body 200. The gas-barrier layer 
30 prevents oxygen or moisture from entering the inner 
layers, namely, the cathode 50 and the luminescent layers 
60. The gas-barrier layer 30 blocks the deterioration of the 
cathode 50 and the luminescent layers 60 due to oxygen or 
moisture. 

[0071] The gas-barrier layer 30, for example, is composed 
of an inorganic compound and is preferably composed of a 
silicon compound, such as silicon nitride, silicon oxynitride, 
or silicon oxide. In addition to the silicon compound, the 
gas-barrier layer 30 may also be composed of any other 
ceramic, for example, alumina, tantalum oxide, or titanium 
oxide. The gas-barrier layer 30 composed of such an inor 
ganic compound has high adhesion to the cathode 50 com 
posed of ITO, hence, the gas-barrier layer 30 becomes a 
defect-free and dense layer that have an improved barrier 
property against oxygen or moisture. 

[0072] The gas-barrier layer 30, for example, may be 
laminated structure including sublayers composed of differ 
ent silicon compounds. The gas-barrier layer 30 preferably 
includes a silicon nitride sublayer and a silicon oxynitride 
sublayer; or a silicon oxynitride sublayer and a silicon oxide 
sublayer formed in that order the cathode 50. In addition to 
these combinations, When the gas-barrier layer 30 includes 
a plurality of the silicon oxynitride sublayers that have 
different compositions, the gas-barrier layer 30 preferably 
has an oxygen concentration Which is loWer at the bottom 
sublayer adjacent to the cathode 50 than at the upper layers. 

[0073] With this structure, oxygen concentration of the 
cathode 50 side is loWer than that of the opposite side. 
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Therefore, this structure can prevent oxygen in the gas 
barrier layer 30 from moving through the cathode 50 toward 
the luminescent layers 60 that are disposed beloW the 
cathode 50, and deteriorating the luminescent layer 60. 
Therefore, this structure can prolong the life of the lumi 
nescent layers 60. 

[0074] In place of the laminated structure, the gas-barrier 
layer 30 may be composed of a heterogeneous composition 
that has continuously or discontinuously variable oxygen 
concentrations. In this case, the gas-barrier layer 30 is 
preferably has the oxygen concentration Which is loWer at a 
face adjacent to the cathode 50 than at the upper face, for the 
reason described above. 

[0075] The thickness of the gas-barrier layer 30 is prefer 
ably between 10 nm and 500 nm. In the gas-barrier layer 30 
having a thickness of less than 10 nm, through holes may be 
formed by defects in the ?lm or variation in thickness of the 
?lm to impair the gas-barrier property. In the case of more 
than 500 nm, stress cracking may occur. 

[0076] In this embodiment, the top-emission EL display 
requires that the gas-barrier layer 30 is transparent. The 
gas-barrier layer 30 has a transmittance of 80% or more in 
the visible light region by adjusting the material properties 
and the ?lm thickness. 

[0077] As shoWn in FIG. 5, the circuit 11 is disposed under 
the luminescent elements. The circuit 11 is formed on the 
substrate 20 and is included in the base body 200. A substrate 
protecting layer 281 as a base layer composed principally of 
silica is formed on the substrate 20. Silicon layers 241 are 
formed on the substrate protecting layer 281. Gate insulating 
layers 282 composed principally of silica and/or silicon 
nitride are formed on the silicon layers 241. 

[0078] Overlapping areas in the silicon layers 241 right 
beloW gate electrodes 242 via the gate insulating layers 282 
are de?ned as channel areas 24111. The gate electrodes 242 
are part of the scanning lines 101 (not shoWn). A ?rst 
interlayer insulator 283 that is composed principally of silica 
is formed on the gate insulating layers 282 that covers the 
silicon layers 241 and the gate electrodes 242 formed on the 
gate insulating layers 282. 

[0079] Lightly-doped source areas 241!) and heavily 
doped source areas 241S are formed in the source side of the 
channel areas 24111 in the silicon layers 241 While lightly 
doped drain areas 2410 and heavily-doped drain areas 241D 
are formed in the drain side of the channel areas 241a, 
resulting in a lightly doped drain (LDD) structure. The 
heavily-doped source areas 241S are connected to source 
electrodes 243 through contact holes 243a extending from 
the gate insulating layers 282 to the ?rst interlayer insulator 
283. This source electrodes 243 is part of the poWer source 
lines 103 (referring to FIG. 1). In FIG. 5, the poWer source 
lines 103 extend the position of the source electrode 243 in 
the direction perpendicular to the draWing described above. 
On the other hand, the heavily-doped drain areas 241D are 
connected to drain electrodes 244, Which are composed of 
the same layer as the source electrodes 243, through contact 
holes 244a extending from the gate insulating layers 282 to 
the ?rst interlayer insulator 283. The source electrodes 243 
are part of the poWer source lines 103. 

[0080] The surface of the ?rst interlayer insulator 283 
having the source electrodes 243 and the drain electrodes 
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244 is covered With a second interlayer insulator 284 com 
posed principally of an acrylic resin, for example. The 
second interlayer insulator 284 may also be composed of 
silicon nitride or silica instead of the acrylic resin. The pixel 
electrodes 23 composed of ITO are formed on the surface of 
the second interlayer insulator 284 and are connected to the 
drain electrodes 244 via contact holes 2311 disposed in the 
second interlayer insulator 284. As a result, the pixel elec 
trodes 23 are connected to the heavily-doped drain areas 
241D in the silicon layers 241 via the drain electrodes 244. 

[0081] The thin ?lm transistors (TFTs for driving circuits) 
included in the scanning-lines-driving circuits 80 and 80 and 
the checking circuit 90, namely N-channel or P-channel 
TFTs, for example, constituting a inverter included in a shift 
resistor among the driving circuits have a similar structure to 
the driving TFTs 123 except for being not connected to the 
pixel electrodes 23. 

[0082] The pixel electrodes 23, the lyophilic control layers 
25, and organic bank layers 221 are formed on the surface 
of the second interlayer insulator 284. The lyophilic control 
layers 25 are composed of lyophilic materials, such as silica 
as the major component. The organic bank layers 221 are 
composed of an acrylic resin or a polyimide resin. Opening 
sections 2511 provided in the lyophilic control layers 25, hole 
conduction layers 70 and luminescent layers 60 inside the 
bank openings 221a surrounded the organic bank layers 221 
are formed in that order on the pixel electrodes 23. The term 
“lyophilic” in this embodiment refers to having higher 
lyophilicity than other materials, such as an acrylic resin or 
a polyimide resin constituting the organic bank layers 221. 

[0083] As described above, the circuit 11 is composed of 
layers up to the second interlayer insulator 284 on the 
substrate 20. 

[0084] In the EL display 1 according to the embodiment, 
each of the luminescent layers 60 can be formed such that 
luminescent Wavelength bands of the luminescent layers 60 
correspond to three primary colors of light in order to 
display color images. For example, display areas R, G, B 
include the luminescent layers 60, i.e., red-luminescent 
layers 60R corresponding to red, green-luminescent layers 
60G corresponding to green, and blue-luminescent layers 
60B corresponding to blue, respectively, in luminescent 
Wavelength bands. A single pixel element displaying color 
images is composed of these display areas R, G, B. In 
boundaries of each color-display areas, black matrix (BM) 
layers (not shoWn) that are deposited by sputtering of metal 
chromium are formed, for example, betWeen the organic 
bank layers 221 and the lyophilic control layers 25. 

[0085] Referring to FIGS. 6 to 10, typical method for 
manufacturing the EL display 1 according to the embodi 
ment is described. According to the embodiment, a top 
emission EL display 1, as electro-optical device, is 
described. Each cross-sectional vieW shoWn in FIGS. 6 to 10 
is taken along line A-B in FIG. 2. 

[0086] As shoWn in FIG. 6(a), the substrate protecting 
layer 281 is formed on the surface of the substrate 20. An 
amorphous silicon layer 501 is deposited by an ICVD 
method or a plasma CVD method on the substrate protecting 
layer 281 and then crystal grains are groWn by a laser 
annealing method or rapid thermal processing to form a 
polysilicon layer. 
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[0087] As shown in FIG. 6(b), the polysilicon layer is 
patterned by photolithography to form island silicon layers 
241, 251, and 261. The silicon layers 241 are formed Within 
the display area to form the driving TFT 123 connected to 
pixel electrodes 23. The silicon layers 251 and 261 consti 
tute P-channel and N-channel TFTs (TFTs for driving cir 
cuits) included in scanning-lines-driving circuits 80. 

[0088] Then, the gate insulating layers 282 of silicon 
oxide layers With a thickness of about 30 to 200 nm are 
formed over the entire surface of the silicon layers 241, 251, 
261, and the substrate protective layer 281 by plasma CVD 
or thermal oxidation. During forming the gate insulating 
layers 282 by thermal oxidation, the silicon layers 241, 251, 
and 261 are crystalliZed to form polysilicon layers. 

[0089] In the case of channel doping to the silicon layers 
241, 251, and 261, boron ions are implanted With a dose of 
l><l02 cm2 to form lightly-doped P-type silicon layers that 
have an impurity concentration about l><l0l7 cm3 (calcu 
lated by impurities after activating annealing). 

[0090] A mask for selective ion implantation is formed on 
part of channel layers of the P-channel TFTs and N-channel 
TFTsI,5 then phosphorus ions are implanted With a dose of 
1x10 cm2. As shoWn in FIG. 6(c), impurities are heavily 
implanted into the patterning mask by selfalignment to form 
the heavily-doped source areas 241S, heavily-doped source 
areas 2618, the heavily-doped drain areas 241D, and 
heavily-doped drain areas 261D in the silicon layers 241 and 
261. 

[0091] As shoWn in FIG. 6(c), each conductive layer 502 
for forming gate electrodes is formed of a doped silicon ?lm, 
a silicide ?lm, or metal ?lm made of aluminum, chromium, 
or tantalum over the entire surface of the corresponding gate 
insulating layer 282. The conductive layers 502 have a 
thickness of about 500 nm. As shoWn in FIG. 6(d), gate 
electrodes 252 to form P-channel TFTs for driving circuits, 
gate electrodes 242 to form pixel TFTs, and gate electrodes 
262 to form N-channel TFTs for driving circuits are formed 
by a patterning method. The driving-control-signal lines 320 
(350) and a ?rst layer 121 of cathode poWer supply lines 202 
are formed at the same time. In this case, the driving-control 
signal lines 320 (350) are disposed in the dummy area 5. 

[0092] As shoWn in FIG. 6(d), the gate electrodes 242, 
252262 are used as masks, phosphorus ions are implanted 
With a dose about 4><l0l3 cm2 into the silicon layers 241, 
251, and 261. Therefore, impurities are lightly implanted 
into the gate electrodes 242, 252, and 262 by selfalignment. 
As shoWn in FIG. 6(d), the lightly-doped source areas 241!) 
and 261b, the lightly-doped drain areas 2410 and 2610 are 
formed in the silicon layers 241 and 261. Lightly-doped 
impurity source areas 251S and lightly-doped-impurity 
drain area 251D are formed in the silicon layers 251. 

[0093] As shoWn in FIG. 7(e), a mask 503 for selective ion 
implantation is formed so as to cover the entire substrate 
except for the gate electrodes 252 to form P-channel TFTs 
for driving circuits. Boron ions are implanted into silicon 
layers 251 With a dose of about l.5><l0l5 cm2 through the 
mask 503 for selective ion implantation. Because the gate 
electrodes 252 to form P-channel TFTs for driving circuits 
function as a mask, impurities are heavily implanted into the 
gate electrodes 252 to form P-channel TFTs for driving 
circuits by selfalignment. Therefore, the lightly-doped-im 
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purity source areas 251S and lightly-doped-impurity drain 
area 251D are counter-doped to form source areas and drain 
areas of P-channel TFTs for driving circuits. 

[0094] As shoWn in FIG. 7(f), the ?rst interlayer insulator 
283 is formed over the entire substrate 20 and patterned by 
photolithography to form contact holes C at positions cor 
responding to source and drain electrodes for each TFT. 

[0095] As shoWn in FIG. 7(g), a conductive layer 504 
composed of a metal, for example, aluminum, chromium, 
and tantalum is formed so as to cover the ?rst interlayer 
insulator 283. The conductive layer 504 has a thickness of 
about 200 to 800 nm. Mask layers 505 for patterning are 
formed on the conductive layer 504 so as to cover areas 24011 

for forming source and drain electrodes of each TFT, areas 
31011 for forming the driving-voltage conductive lines 310 
(340), and areas 12211 for forming a second layer of the 
cathode poWer supply lines 202. Then the conductive layer 
504 is patterned to form the source electrodes 243, 253, and 
263, the drain electrodes 244, 254, and 264 shoWn in FIG. 
8(h). 
[0096] As shoWn in FIG. 8(i), the second interlayer insu 
lator 284 that covers the ?rst interlayer insulator 283 having 
these electrodes is formed With polymeric material such as 
an acrylic resin. The second interlayer insulator 284 prefer 
ably has a thickness of about 1 to 2 pm. The second 
interlayer insulator 284 may also be formed With silicon 
nitride that preferably has a thickness of 200 nm or silica 
having a thickness of 800 nm. 

[0097] As shoWn in FIG. 8(j), in the second interlayer 
insulator 284, positions corresponding to the drain elec 
trodes 244 for driving TFTs are etched to be removed and 
form contact holes 23a. 

[0098] A conductive layer to be the pixel electrodes 23 is 
formed so as to cover the entire substrate 20. As shoWn in 
FIG. 9(k), the transparent conductive layer is patterned to 
form the pixel electrodes 23 connected to the drain elec 
trodes 244 through the contact holes 2311 in the second 
interlayer insulator 284 and dummy patterns 26 in the 
dummy area. In FIGS. 3 and 4, the pixel electrodes 23 and 
the dummy patterns 26 collectively referred to as pixel 
electrodes 23. 

[0099] The dummy patterns 26 are not connected to loWer 
metal layers via the second interlayer insulator 284. The 
dummy patterns 26 are arrayed into an island arrangement 
and have substantially the same shape as that of the pixel 
electrodes 23 formed in the actual display area. The dummy 
patterns 26 may also be different from the arrangement of 
the pixel electrodes 23 formed in the actual display area. In 
this case, the dummy patterns 26 at least include dummy 
patterns formed above the driving-voltage conductive lines 
310 (340). 

[0100] As shoWn in FIG. 9(L), the lyophilic control layers 
25, Which are insulating layers, are formed on the pixel 
electrodes 23, the dummy patterns 26, and the second 
interlayer insulator. In addition, the lyophilic control layers 
25 are partly open on the pixel electrodes 23, alloWing holes 
to move from the pixel electrodes 23 through the opening 
sections 2511 (see FIG. 3). On the dummy patterns 26 not 
having the opening sections 2511, the lyophilic control layers 
25, Which are insulating layers, function as hole-conduction 
blocking layers, hence, holes can not move. In the lyophilic 










