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(57) ABSTRACT 

Disclosed are a luminescent device and electric appliance 
which have low power consumption and a long life. An 
organic luminescent element is provided by a Scheme that a 
region 204b where the concentrations of first and second 
organic compounds change gradually is provided in the 
organic compound layer 203b, a region 201b where the first 
organic compound can express its function is formed, and a 
region 202b where the Second organic compound can 
express its function is formed. Thereby the functions of the 
individual materials are allowed to express. This Scheme 
provides an organic luminescent element which has low 
power consumption and a long life. A luminescent device 
and electric appliance are manufactured by using the organic 
luminescent element. 

thickness 
direction 

concentration 
(96) 

O OO 

  

  



Patent Application Publication Jul.18, 2002 Sheet 1 of 19 US 2002/0093283 A1 

Fig. 1A 
LUMO 

102 

101 

104 

GE) HOMO 

Fig. 1B 
LUMO 

O3 

102 

O 

GE) HOMO 



Patent Application Publication Jul. 18, 2002 Sheet 2 of 19 US 2002/0093283 A1 

Fig. 2A prior 
cathode 

thickness thickness 
direction direction 

203 

concentration concentration 
(96) 

O 100 (96) O 100 

anode 

cathode 
thickness thickness 
direction direction 

concentration 
(%) 

concentration 
(%) O 100 

anode 

  

  

  



Patent Application Publication Jul.18, 2002 Sheet 3 of 19 US 2002/0093283 A1 

Fig. 3A 

301 

Fig. 3B 

He re - re - - - - - - ar. - a- - - - -a war as - as - ame r law see to - 

. . . . . . . . . . . . . . . . . . . . . 
''''''''''', we'''''', 
wa? a '1' ' ' ' ' ' ' ' ' * * * * * * * 

. . . . 4 i r u as 0 

  

    

  



Jul.18, 2002. Sheet 4 of 19 US 2002/0093283 A1 Patent Application Publication 

  



Patent Application Publication Jul.18, 2002 Sheet 5 of 19 US 2002/0093283 A1 

  



Patent Application Publication Jul.18, 2002 Sheet 6 of 19 US 2002/0093283 A1 

603a 
Fig. 6A 602 

601 

61 

603b 

Fig. 6B 

612 

603C 

Fig. 6C 603b 

604 

605 

Fig. 6D 
603b 

605 

  

  

  

  



Patent Application Publication Jul.18, 2002 Sheet 7 of 19 US 2002/0093283 A1 

Fig. 7A 702 
701 

7O6 

Fig. 7B 

Fig. 7C 

711 

Fig. 7D 

Fig. 7E 

  



US 2002/0093283 A1 

FI-EEIG 

Jul.18, 2002. Sheet 8 of 19 

8 (31 

Patent Application Publication 

  



Jul.18, 2002. Sheet 9 of 19 US 2002/0093283 A1 Patent Application Publication 

G06 opo??eo 

+06 uaße, punoduuoo o?ue?uo 

O 16 aunqonuns »?ueq 

  



US 2002/0093283 A1 

_^) -*`\ 
800 || LHLL00 || LHL ~I-TEELTE |---- 

????ka trae, 

Jul.18, 2002. Sheet 10 of 19 Patent Application Publication 

  



US 2002/0093283 A1 

• • • • • • 

• • • • 

•• 

Jul.18, 2002 Sheet 11 of 19 Patent Application Publication 

  



Patent Application Publication 

Fig. 12A 

2 
8SSSSSSRSSSSSSSSE&ES3 

SSSSSSSSSSSSSSSSSSSSSSSSSSESS&E 

2ZSSSSSSSSSSSS 
&2&S 

8:SSSSSSSSSSSSSSSSS8 

&XXXXXX access X& & 
&Six: Si:EXE::::: Nai 8:s::iax:3 assi 3:silical 
rests areas: 

Jul. 18, 2002. Sheet 12 of 19 US 2002/0093283 A1 

  

  

  

  

  

      

  



Patent Application Publication Jul.18, 2002 Sheet 13 of 19 US 2002/0093283 A1 

printed wiring board 305 

NY 2. 
NN 

NY 

pixel portion 1302 

Fig. 13B 
data signal side driving circuit 1307 

w external signal 

A. 

to TAB tape gate signal side driving circuit 1308 

  

  



Patent Application Publication Jul.18, 2002 Sheet 14 of 19 US 2002/0093283 A1 

Fig. 14A 

Gr N 3 board 

406 R N 

substrate 1401 

. wiring line 1404a wiring line 
403a 

gate signal 
side driving 
circuit 404 

pixel portion 
1402 

Fig. 14B 

external signal 

I/O port 1407 -- 
memory unit 

control unit 1408 

I/O port 410 

to TAB tape 

    

  

  

  

    

  

    

  

  

  



Patent Application Publication Jul.18, 2002 Sheet 15 of 19 US 2002/0093283 A1 

Fig. 15A Fig. 15B 1506b 
150 1 a 

1503a 

1502a 

Fig. 15C 

502c 1501c 

Fig. 15E 1501 e 

1503e 

1504e 1502e 

1505e 

  

  



Patent Application Publication Jul. 18, 2002 Sheet 16 of 19 US 2002/0093283 A1 

Fig. 16A 

1602a 

1601 a 

1601 b 

1602b % 3. 

1603b 
1604b. 

  

  

  

  



Patent Application Publication Jul. 18, 2002 Sheet 17 of 19 US 2002/0093283 A1 

latch pulse 
digital signal 

shift register 

latch l latch 

source line power source supplying line 

pixel 

portion 

organic luminescent element 

cathode cathode power source supplying line 

Fig. 17A Fig. 17C 

1frame 

SF1-SF6:subframe, TA: write in time 

Fig. 17B 

  

  



Patent Application Publication Jul.18, 2002 Sheet 18 of 19 US 2002/0093283 A1 

Fig. 18 

1810 pixel 

1811 organic luminescent 
element 

  



US 2002/0093283 A1 Jul.18, 2002. Sheet 19 of 19 Patent Application Publication 

| || 6 || 

  



US 2002/0093283 A1 

LUMNESCENT DEVICE AND METHOD OF 
MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention relates to a luminescent device using 
an organic luminescent element having an anode, a cathode, 
and a film (referred below to as “organic compound layer'), 
which includes an organic compound adapted to effect 
luminescence upon application of an electric field. More 
particularly, the invention relates to a luminescent device 
using an organic luminescent device whose organic com 
pound film contains a high-molecular compound and which 
requires a lower drive Voltage and has a longer life than 
luminescent devices of the related art, and a method of 
manufacturing this luminescent devices. Note that the lumi 
neScent device described in the Specification of the present 
application indicates an image display device or a lumines 
cent device, which use an organic luminescent element as 
luminescent element. Also, the luminescent device includes 
all of modules, in which a connector, for example, an 
anisotropic electroconductive film (FPC:Flexible printed 
circuit) or a TAB (Tape Automated Bonding) tape or a TCP 
(Tape Carrier Package) is mounted to an organic lumines 
cent element, modules, in which a printed-circuit board is 
provided on a TAB tape or a tip end of a TCP, or modules, 
in which an IC (integrated circuit) is directly mounted on an 
organic luminescent element in the COG (Chip On Glass) 
System. 

0003 2. Description of the Related Art 
0004. An organic luminescent element is one adapted to 
effect luminescence upon application of an electric field. A 
mechanism for luminescence has been Said to reside in that 
an organic compound layer is interposed between elec 
trodes, upon application of Voltage thereto electrons filled 
from a cathode and holes filled from an anode recombine 
together at a center of luminescence in the organic com 
pound layer to form excited molecules (referred below to as 
“molecule exciton”), and the molecule excitons discharge 
energy to produce luminescence when returned to the base 
State. 

0005. In addition, kinds of molecule excitons formed by 
the organic compound can include a singlet eXcited State and 
a triplet eXcited State, while the Specification of the present 
invention contains the case where either of the excited States 
contributes to luminescence. 

0006. In Such organic luminescent element, an organic 
compound layer is normally formed in a thin film below 1 
tim. Also, Since the organic luminescent element is a Self 
luminescent type one, in which the organic compound layer 
itself emits light, a backlight used in a conventional liquid 
crystal display is not necessary. Accordingly, the organic 
luminescent element can be very advantageously formed to 
be thin and lightweight. 
0007 Also, with, for example, an organic compound 
layer of about 100 to 200 nm in thickness, a time period 
having elapsed from filling of a carrier to recombination 
thereof is in the order of Several tens of nanoSecond taking 
account of the extent of movement of the carrier in the 
organic compound layer, and luminescence is achieved in 
the order of less than one micro Second even when the 
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procedure from the recombination of the carrier to lumines 
cence is included. Accordingly, one of the features is that the 
Speed of response is very large. 
0008 Further, since the organic luminescent element is a 
carrier-filling type luminescent element, it can be driven by 
DC voltage, and is hard to generate noise. With respect to 
drive voltage, an adequate luminance of 100 cd/m is 
achieved at 5.5 V by first making the thickness of an organic 
compound layer a uniform, Super-thin film of around 100 
nm, Selecting an electrode material, which reduces a carrier 
filling barrier relative to the organic compound layer, and 
further introducing a single hetero structure (double struc 
ture) (Literature 1: C. W. Tang and S. A. VanSlyke, “Organic 
electroluminescent diodes”, Applied Physics Letters, Vol. 
51, No. 12,913-915 (1987)). 
0009. Owing to such performances as thin and light 
weight, high-Speed responsibility, DC low Voltage drive, and 
the like, organic luminescent elements have been given 
attention as next-generation flat panel display elements. 
Also, Since organic luminescent elements are of Self-lumi 
neScent type and large in angle of visibility, they are com 
paratively favorable in visibility and believed to be effective 
as elements used for displays in portable equipments. 
0010 Hereupon, in the constitution of an organic lumi 
neScent element described in Literature 1, a carrier filling 
barrier is made Small by using as a cathode a relatively stable 
Mg:Ag alloy of low work function to enhance an electron 
injecting quality. This makes it possible to fill a large amount 
of carrier into the organic compound layer. 
0011 Further, the recombination efficiency of the carrier 
is improved by leaps and bounds by application of a Single 
hetero Structure, in which a hole transporting layer com 
posed of a diamine compound and an electron transporting 
luminescent layer composed of tris (8-quinolinolato) alu 
minium (hereinafter written as "Alq) are laminated as an 
organic compound layer, which is explained below. 
0012. In the case of, for example, an organic luminescent 
element having only a Single Alq layer, a major part of 
electrons filled from a cathode reaches an anode without 
recombining with holes, making the luminescent efficiency 
very low, Since Alq is of electron transporting quality. That 
is, in order to have the Single-layered organic luminescent 
element efficiently emitting light (or driving at low voltage), 
it is necessary to use a material (referred below to as “bipolar 
material”) capable of carrying both electrons and holes in 
well-balanced manner, and Alq does not meet Such require 
ment. 

0013 However, application of the single hetero structure 
described in Literature 1 causes electrons filled from a 
cathode to be blocked by an interface between the hole 
transporting layer and the electron transporting luminescent 
layer to be enclosed in the electron transporting luminescent 
layer. Accordingly, the carrier is efficiently recombined in 
the electron transporting luminescent layer to provide for 
efficient luminescence. 

0014 When the concept of such carrier blocking function 
is developed, it becomes possible to control a carrier recom 
bining region. As an example, there is a report, according to 
which Success is achieved in enclosing holes in a hole 
transporting layer and making the hole transporting layer 
luminescent by inserting a layer (hole blocking layer), which 
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is capable of blocking holes, between the hole transporting 
layer and an electron transporting layer (Literature 2: 
Yasunori KIJIMA, Nobutoshi ASAI and Shin-ichiro 
TAMURA, “A Blue Organic Light Emitting Diode”, Japa 
nese Journal of Applied Physics, Vol. 38, 5274-5277 
(1999)). 
0.015 Also, it can be said that the organic luminescent 
element described in Literature 1 is based on, So to Speak, 
that thought of functional Separation, according to which 
carrying of holes is performed by the hole transporting layer 
and carrying and luminescence of electrons are performed 
by the electron transporting luminescent layer. Such concept 
of functional Separation has further grown to a concept of 
double heterostructure (three-layered structure), according 
to which a luminescent layer is inserted between the hole 
transporting layer and the electron transporting layer (Lit 
erature 3: Chihaya ADACHI, Shizuo TOKITO, Tetsuo 
TSUTSUI and Shogo SAITO, “Electroluminescence in 
Organic Films with Three-Layered Structure', Japanese 
Journal of Applied Physics, Vol. 27, No. 2, L269-L271 
(1988)). 
0016 Such functional separation has an advantage in that 
the functional Separation makes it unnecessary for a kind of 
organic material to have a variety of functions (lumines 
cence, carrier carrying quality, filling quality of carrier from 
electrode, and So on) at a time, which provides a wide 
freedom in molecular design or the like (for example, it is 
unnecessary to unreasonably Search for bipolar materials). 
That is, a high luminous efficiency can be easily attained by 
combining materials having a good luminous quality and a 
carrier carrying quality, respectively. 

0.017. Owing to these advantages, the concept of the 
laminated Structure (carrier blocking function or functional 
Separation) itself described in Literature 1 has been widely 
utilized till now. 

0.018. However, being a junction between substances of 
different kinds (in particular, a junction between insulating 
materials), the laminated Structure described above will 
necessarily produce an energy barrier at an interface the 
Substances. Since the presence of an energy barrier inhibits 
movements of a carrier at the interface, the two following 
problems are caused. 

0019. One of the problems is that it results in a barrier 
leading to further reduction of drive Voltage. Actually, it has 
been reported with respect to existing organic luminescent 
elements that an element of a single-layered Structure mak 
ing use of a conjugate polymer is excellent in terms of drive 
voltage and holds top data (comparison in luminescence 
from the Singlet excited State) in power efficiency (unit:"lm/ 
W") (Literature 4: Tetsuo Tsutsui “bulletin of organic 
molecular/bioelectronics' subcommittee of Society of 
Applied Physics, Vol. 11, No. 1, P8 (2000)). 
0020. In addition, the conjugate polymer described in 
Literature 4 is a bipolar material, and can attain a level 
equivalent to that of the laminated Structure with respect to 
the recombination efficiency of a carrier. Accordingly, it 
demonstrates that a Single layer Structure having leSS inter 
faces is actually low in drive Voltage provided that a method 
making use of a bipolar material can make an equivalent 
recombination efficiency of a carrier without the use of any 
laminated Structure. 
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0021 For example, there is a method, in which a material 
for mitigating an energy barrier is inserted at an interface 
between an electrode and an organic compound layer to 
enhance a carrier filling quality to reduce drive Voltage 
(Literature 5: Takeo Wakimoto, Yoshinori Fukuda, Kenichi 
Nagayama, Akira Yokoi, Hitoshi Nakada, and Masami 
Tsuchida, “Organic EL Cells Using Alkaline Metal Com 
pounds as Electron Injection Materials”, IEE TRANSAC 
TIONS ON ELECTRON DEVICES, VOL 44, NO. 8, 
1245-1248 (1977)). In Literature 5, the use of LiO as an 
electron injecting layer has been Successful in reduction of 
drive Voltage. 
0022. However, the carrier transfer between organic 
materials (e.g., between the hole transport layer and lumi 
neScent layer; the interface will hereinafter be called 
“organic interface') remains as an unsettled issue and is 
considered to be an important point in catching up with the 
low drive Voltage provided by the Single-layered Structure. 
0023. Further, the other problem caused by an energy 
barrier is believed to be an influence on the service life of 
organic luminescent elements. That is, movements of a 
carrier are impeded, and brilliance is lowered due to build 
up of charges. 

0024. While any definite theory has not been established 
with respect to Such mechanism of deterioration, there is a 
report that lowering of brilliance can be Suppressed by 
inserting a hole injecting layer between an anode and a hole 
transporting layer and employing not DC driving but AC 
driving of rectangular wave (Literature 6: S. A. VanSlyke, C. 
H. Chen, and C. W. Tang, “Organic electroluminescent 
devices with improved stability”, Applied Physics Letters, 
Vol. 69, No. 15, 2160-2162 (1996)). This can be said to 
present an experimental evidence that lowering of brilliance 
can be Suppressed by eliminating accumulation of charges 
due to insertion of a hole injecting layer and AC driving. 
0025. It can be said from the above that on one hand the 
laminated Structure has an advantage in enabling easily 
enhancing the recombination efficiency of a carrier and 
enlarging a range of material Selection in terms of functional 
Separation and on the other and formation of many organic 
interfaces impedes movements of a carrier and has an 
influence on lowering of drive Voltage and brilliance. 

SUMMARY OF THE INVENTION 

0026. Accordingly, the invention has its object to relax an 
energy barrier present in an organic compound layer and 
enhance mobility of carriers by manufacturing an element of 
different concept from that of the conventionally used lami 
nated Structure, and at the same time to express functions 
(referred below to as “functional expression”) of a plurality 
of various materials in the same manner as in functional 
Separation involved in the laminated Structure. Thereby, the 
invention has its object to provide an organic luminescent 
element, which is lower in drive Voltage and longer in 
Service life than those in the related art. 

0027. Also, the invention has its object to remove organic 
interfaces present in an organic compound layer and 
enhance mobility of carriers by manufacturing an element of 
different concept from that of the conventionally used lami 
nated Structure, in which carriers in a luminescent layer are 
blocked for recombination, and at the same time to express 
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functions (referred below to as “function expression”) of a 
plurality of various materials in the same manner as in 
functional Separation involved in the laminated Structure. 
Thereby, the invention has its object to provide an organic 
luminescent element, which is lower in drive Voltage and 
longer in Service life than those in the related art. 
0028 Mitigation of an energy barrier in a laminated 
Structure is noticeably found in the technique of insertion of 
a carrier filling layer as described in Literature 5. A hole 
injecting layer is exemplarily illustrated with the use of an 
energy band diagram in FIG. 1B. 

0029. In FIG. 1A, an anode 101 and a hole injecting layer 
102 are joined directly to each other, in which case an energy 
barrier 104 associated with the anode 101 and the hole 
injecting layer 102 is large. However, the energy barrier can 
be designed in a stepwise manner (FIG. 1B) by inserting as 
a hole injecting layer 103 a material having a level of highest 
occupied molecular orbit (referred below to as “HOMO”) 
positioned intermediate between ionization potential of the 
anode and a HOMO level of the hole transporting layer. 
0030) Designing the stepwise energy barrier as shown in 
FIG. 1B makes it possible to enhance the filling quality of 
a carrier from an electrode, and to Surely lower the drive 
Voltage to Some extent. However, there is caused a problem 
that an increase in the number of layerS results in an increase 
in the number of organic interfaces. This is thought as 
indicated in Literature 4 to be responsible for the fact that the 
Single-layered Structure holds top data in drive Voltage and 
power efficiency. 

0.031 Conversely, by overcoming such problem, it is 
possible to come level with drive voltage and power effi 
ciency in the Single-layered Structure while making the best 
use of an advantage (a variety of materials can be combined, 
and any complex molecular design is unnecessary) in a 
laminated Structure. 

0.032 The present inventor came up a method of Sub 
Stantially eliminating an interface in an organic compound 
layer containing two or more kinds of organic compounds 
(at least one of which is a high-molecular compound), 
thereby relaxing an energy barrier in the organic compound 
layer. 

0033. In case where the organic compound layer contains 
at least two compounds Selected from a group of a hole 
injection compound which receives holes from the anode, an 
electron injection compound which receives electrons from 
the cathode, a hole transport compound, an electron trans 
port compound, a blocking compound capable of inhibiting 
transfer of electron or hole, and a luminescent compound 
which demonstrates light emission, the Scheme Substantially 
eliminates an interface in the organic compound layer by 
providing an area (hereinafter called “mixed region') where 
the at least two compounds are mixed at a position located 
apart from the electrodes. This scheme will hereinafter be 
called “mixed junction”. 

0034. The reason for the use of a high-molecular com 
pound in the present invention is that a high-molecular 
compound generally has a large carrier mobility and can be 
driven with a low voltage. That is, the feature of the present 
invention lies in that mixed junction is carried out in a 
System which uses a high-molecular compound. 
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0035) In case where such mixed junction is formed, the 
mixed region may be doped with a guest. Since carrier is 
considered to transfer Smoothly in the mixed region, it is 
preferable to use a luminescent compound which demon 
Strates light emission as a guest. 
0036) As the mixed junction described above is formed, 

it is possible to prepare an organic luminescent element 
which does not show an obvious laminated structure (i.e., 
which does not have an obvious organic interface) and 
which ensure a functional realization. 

0037. When a mixed region in which a first organic 
compound and a Second organic compound different from 
the first organic compound are mixed is provided in an 
organic compound layer containing the first organic com 
pound and the Second organic compound, there are a case 
where the first and Second organic compounds are both 
high-molecular compounds and a case where one of the two 
organic compounds is a low-molecular compound. It is more 
preferable to use a Scheme of continuously changing the 
concentrations of the first and Second organic compounds in 
the mixed region. Those schemes will hereinafter be called 
“continuous junction'. A mixed region in this case is par 
ticularly called “continuous junction area'. 
0038 FIGS. 2A and 2B show conceptual diagrams of the 
laminated Structure of the related art and the continuous 
junction of the invention. FIG. 2A shows the laminated 
Structure of the related art (single heterostructure). Specifi 
cally, the Single heterostructure has an organic compound 
film 203a comprising a first organic compound 201 and a 
Second organic compound 202 and a laminated Structure 
(which may be said to be an obvious organic interface) 
formed by a first organic compound layer 201a and a Second 
organic compound layer 202a. In this case, there is no area 
where the concentration of the first organic compound 201 
and the concentration of the Second organic compound 202 
gradually change, but the concentrations are discontinuous 
(i.e., each of the concentrations changes from 0% to 100% 
or from 100% to 0% in the organic interface). 
0039. In the case of the continuous junction of the 
invention (FIG. 2B), however, there is an area where the 
concentrations of the first organic compound 201 and the 
Second organic compound 202 gradually change (i.e., a 
continuous junction area 204b), So that there is no obvious 
organic interface. Because there are an area where the first 
organic compound can express its function (first function 
area 201b) and an area where the Second organic compound 
can express its function (Second function area 202b), the 
functions of the individual materials can be expressed. 
0040. As the continuous junction disc rived above is 
formed, it is possible to prepare an organic luminescent 
element which does not show an obvious laminated Structure 
(i.e., which does not have an obvious organic interface) and 
which ensure a functional realization. 

0041. From the viewpoint of the concept of the invention 
(which express the functions of plural and various kinds of 
materials without using a laminated Structure), it is prefer 
able that the first organic compound and the Second organic 
compound should have different functions. 
0042. In case where the first organic compound and the 
Second organic compound are both high-molecular com 
pounds, the Structure is considered that one of the high 
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molecular compounds expresses light emission and the other 
expresses a carrier transport function. In case where the 
Second organic compound is a low-molecular compound, 
there may be a Structure where the low-molecular compound 
expresses light emission and the high-molecular compound 
expresses a carrier transport function and a structure where 
the high-molecular compound expresses light emission and 
the low-molecular compound expresses a carrier transport 
function. 

0043. In the case where the high-molecular compound 
expresses a carrier transport function, it is preferable that the 
high-molecular compound should include telectrons (i.e., a 
conductive high-molecular compound) and should be 
chemically doped to improve the conductivity. 

0044 One of a polythiophene derivative, a polyaniline 
derivative, and a polyvinylcarbazole derivative is a prefer 
able high-molecular compound for a hole transport material 
or a luminescent material. Alternatively, one of a polypar 
aphenylenevinylene derivative, a polydialkylfluorene 
derivative, and a polyphenylene derivative is a preferable 
material for the luminescent material. 

0.045. In case where the mixed junction described above 
(including the continuous junction) is formed, there may be 
a Scheme of adding a third organic compound as a guest into 
the mixed region to thereby provide the function of the 
guest. From the Viewpoint of the functional realization, it is 
preferable to use a luminescent compound which demon 
Strates light emission as a guest. This is because the carrier 
recombination efficiency can be enhanced to improve the 
luminescent efficiency by providing the first organic com 
pound and Second organic compound which compose the 
mixed region with a carrier transport function or a blocking 
function and adding a luminescent compound into the mixed 
region. 

0.046 FIG. 3A shows a conceptual diagram for this case. 
In FIG. 3A, an organic compound layer 303 which contains 
a first organic compound and a Second organic compound is 
provided on a substrate 301 between an anode 302 and a 
cathode 304 and a mixed region 305 is added with a 
compound 306 which demonstrates light emission to be a 
luminescent region. 
0047. Hereupon, in view of the luminescent efficiency, 
organic luminescent elements capable of converting energy 
(referred below to as “triplet excited energy'), which is 
discharged when returned to a base State from a triplet 
excited State, into luminance, have been Successively pre 
Sented, and notice has been taken of their luminous effi 
ciency (Literature 7: D. F. O'Brien, M. A. Baldo, M. E. 
Thompson and S. R. Forrest, “Improved energy transfer in 
electrophosphorescent devices”, Applied Physics Letters, 
Vol. 74, No. 3, 442-444 (1999)), (Literature 8: Tetsuo 
TSUTSUI, Moon-Jae YANG, Masayuki YAHIRO, Kenji 
NAKAMURA, Teruichi WATANABE, Taishi TSUJI, Yoshi 
nori FUKUDA, Takeo WAKIMOTO and Satoshi MIYAGU 
CHI, “High Quantum Efficiency in Organic Luminescent 
devices with Iridium-Complex as a Triplet Emissive Cen 
ter”, Japanese Journal of Applied Physics, Vol. 38, L1502 
L1504 (1999)). 
0.048. A metal complex, of which central metal is plati 
num, is used in Literature 7, and a metal complex, of which 
central metal is iridium, is used in Literature 8. These 
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organic luminescent elements capable of converting triplet 
excited energy into luminance (referred below to as “triplet 
luminescent diode') can attain higher intensity luminance 
and higher luminous efficiency than in the related art. 

0049. However, Literature 8 has presented an example, in 
which half-life of luminance is about 170 hours in the case 
where the initial luminance is set to 500 cd/m, thus causing 
a problem in Service life of an element. Hereupon, applica 
tion of the invention to triplet light emitting diodes can 
provide a highly functional luminescent element, which is 
long in Service life in addition to high intensity luminance 
and high luminous efficiency based on luminance from a 
triplet eXcited State. 

0050. Therefore, the invention covers a case where a 
material which can convert the triplet eXcited energy into 
luminescence is Selected as the third organic compound or a 
guest and is added into the mixed region. 

0051. The third organic compound need not be limited to 
a luminescent compound which demonstrates light emis 
Sion. In case where the first organic compound or the Second 
organic compound emits light, particularly, it is preferable to 
use, as the third organic compound, a compound which has 
a larger energy difference between the highest occupied 
molecular orbital (HOMO) and the lowest unoccupied 
molecular orbital (LUMO) (i.e., a compound capable of 
blocking carriers and molecular excitons) as compared with 
the first organic compound and the Second organic com 
pound. This Scheme can enhance the carrier recombination 
efficiency in the mixed region where the first organic com 
pound and the Second organic compound are mixed and 
improve the luminescent efficiency. 

0052 FIG. 3B shows a conceptual diagram for this case. 
In FIG. 3B, an organic compound layer 303 which contains 
a first organic compound and a Second organic compound is 
provided on a substrate 301 between an anode 302 and a 
cathode 304 and a mixed region 305 is added with a 
compound 307 which can block carriers and molecular 
excitons. 

0053. In FIG. 3B, an luminescent region added with a 
luminescent compound 306 which emits light is provided in 
the mixed region 305. That is, FIG.3B shows the structure 
that combined the Scheme of using a luminescent compound 
which emits light as the third organic compound (FIG. 3A) 
with adding of the blocking compound. Because the com 
pound 307 that can block carriers and molecular excitons is 
located closer to the cathode Side than the luminescent 
compound 306 that emits light, a hole blocking compound 
is preferably used as the compound 307 that can block 
carriers and molecular excitons. 

0054) One of a phenanthroline derivative, an oxadiazole 
derivative and a triazole derivative is available for the 
compound that can block carriers and molecular excitons. 

0055. In case of specifying the mixed regions mentioned 
above, elemental analysis by SIMS (Secondary Ion Mass 
Spectrometry) is considered as an important technique. In 
case of the continuous junction, particularly, it should be 
apparent from the conceptual diagram of FIGS. 2A and 2B 
that we can expect an elemental analysis result having a 
more notable difference than the laminated Structure element 
of the related art. 
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0056. The present invention therefore covers a lumines 
cent device that has an region where a detection amount of 
element which is detectable by SIMS among elements 
composing the first organic compound or the Second organic 
compound changes continuously in a direction from the 
anode to the cathode. 

0057. A high-molecular compound which contains a ele 
ment belonging to the group 15 or group 16 of the periodic 
table is well used in an ordinary organic luminescent ele 
ment and a compound containing a element belonging to the 
group 17 of the periodic table may be chemically doped in 
order to improve the conductivity of the high-molecular 
compound. A change in concentration can therefore be 
observed more notably by forming a continuous junction 
region comprising a material which contains an element 
belonging to the groups 15 to 17 thereof and a material 
which does not. Nitrogen, phosphorus, OXygen, Sulfur, fluo 
rine, chlorine, bromine and iodine are typical as the elements 
belonging groups 15 to 17 thereof. 

0.058. In case where the third organic compound is added 
as a guest into the mixed region, a metal complex may be 
used as a compound to be the guest, particularly, a lumi 
neScent compound which demonstrates light emission. 

0059. Therefore, the present invention covers a lumines 
cent device wherein the third organic compound is a metal 
complex having a metal element, and a detection region of 
the metal element detectable by SIMS is a region including 
both the first organic compound and the Second organic 
compound (i.e., mixed region). Aluminum, zinc and beryl 
lium are typical as the metal element. In case where the third 
organic compound is a luminescent compound which emits 
light from the triplet eXcited State, a metal complex having 
iridium or platinum as a central metal is typical, So that 
iridium or platinum can be detected. 

0060 A luminescent device, which is lower in drive 
Voltage and longer in Service life than a prior one, can be 
provided by practicing the invention described above. Fur 
ther, an electric appliance, which is lower in power con 
Sumption and more durable than in the prior art, can be 
provided when manufactured by the use of Such luminescent 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0061 FIGS. 1A and 1B are diagrams illustrating the role 
of a hole injection layer; 

0.062 FIGS. 2A and 2B are diagrams showing the struc 
tures of organic luminescent elements, 

0063 FIGS. 3A and 3B are diagrams showing the struc 
tures of organic luminescent elements, 

0.064 FIG. 4 is a diagram showing the cross-sectional 
TEM of an organic compound layer; 

0065 FIGS. 5A through 5E are diagrams illustrating a 
method of forming an organic compound layer; 

0.066 FIGS. 6A through 6E are diagrams illustrating a 
method of forming an organic compound layer; 

0067 FIGS. 7A through 7E are diagrams illustrating a 
method of forming an organic compound layer; 
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0068 FIG. 8 is a diagram showing the cross-sectional 
Structure of a luminescent device; 

0069 FIG. 9 is a diagram showing the cross-sectional 
Structure of a luminescent device; 

0070 FIG. 10 is a diagram showing the cross-sectional 
Structure of a luminescent device; 

0071 FIGS. 11A and 11B are diagrams respectively 
showing the top structure and the croSS-Sectional Structure of 
a luminescent device; 

0072 FIGS. 12A through 12C are diagrams showing the 
top Structure and the cross-sectional Structures of a lumi 
neScent device, 

0073 FIGS. 13A and 13B are diagrams illustrating the 
Structure of a luminescent device; 

0074 FIGS. 14A and 14B are diagrams illustrating the 
Structure of a luminescent device; 
0075 FIGS. 15A through 15F are diagrams showing 
Specific examples of electric appliances, 

0.076 FIGS. 16A and 16B are diagrams showing specific 
examples of electric appliances, 

0.077 FIGS. 17A through 17C are diagrams showing the 
circuit structure of a luminescent device; 

0078 FIG. 18 is a diagram showing the circuit structure 
of luminescent device; and 

007.9 FIG. 19 is a diagram showing the cross-sectional 
Structure of a luminescent device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0080 Embodiments of the invention will be described 
below. In addition, at least one of an anode and a cathode in 
an organic luminescent element may be transparent Suffi 
ciently to take out luminescence, while the embodiment will 
be described with respect to an element Structure, in which 
a transparent anode is formed on a Substrate and lumines 
cence is taken out from the anode. Actually, a structure, in 
which luminescence is taken out from a cathode and a 
Structure, in which light is taken out from a side opposite to 
the Substrate, are applicable. 
0081) What is important in working out the invention is 
a fabrication process of forming a mixed region or a con 
tinuous junction region. The present inventor has contrived 
a step of forming a mixed region or a continuous junction 
region in an organic compound film containing a high 
molecular compound. The following will discuss a method 
of manufacturing an organic luminescent element according 
to the invention. 

0082 In the fabrication process of the related art (in case 
where a laminated Structure is constructed by wet-Supply 
ing), a first Solution in which, for example, a first organic 
compound is dissolved is Supplied and a Solvent contained 
in the first Solution is completely removed by heating or the 
like, after which a Second organic compound dissolved in a 
Solution in which the first organic compound is not eluted is 
deposited. This fabrication process produces an obvious 
organic interface. 
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0083 FIG. 4 shows the cross-sectional TEM picture of 
an organic compound layer which is Supplied by, for 
example, depositing a Solution of polyethylene diox 
ythiophene (hereinafter called “PEDOT) doped with poly 
styrene sulfonate (hereinafter called “PSS”) by spin coating, 
heating the resultant structure at 100° C. or high under an 
atmospheric pressure to completely remove moisture, then 
depositing a toluene Solution of polyparaphenylenevinylene 
(hereinafter called “PPV) having an alkoxyl group by spin 
coating and heating and drying the resultant Structure again. 
As apparent from FIG. 4, the fabrication process of the 
related art provides a laminated Structure which has an 
obvious organic interface. 
0084. The present inventor has contrived five manufac 
turing methods as processes which Overcome the above 
problem and form a mixed region or a concentration varying 
region. The following will discuss the Simplest embodi 
ments of the methods in case of an organic compound layer 
containing two types of organic compounds. 
0085. The first manufacturing method is illustrated in 
FIGS. 5A to 5E. First, a first solution 503a in which a first 
organic compound (high-molecular compound) is dissolved 
is wet-supplied on a substrate 501 (FIG. 5A) formed an 
electrode 502 (FIG. 5B). Next, as a step 511 of forming a 
mixed region or continuous junction region, the first Solution 
503a is heated at a temperature at which the vapor pressure 
of a solvent contained in the first Solution 503a is lower than 
a pressure in a heating treatment atmosphere (FIG. 5C), 
then a second solution 504 in which a second organic 
compound is dissolved is wet-supplied in a state where a 
Solvent 503b contained in the first Solution 503a remains 
(FIG. 5D). Finally, the solvents are all removed by heating 
512, thus yielding an organic compound layer according to 
the invention which has a mixed region or continuous 
junction area 505. 
0.086 The second manufacturing method is illustrated in 
FIGS. 6A to 6E. First, a first solution 603a in which a first 
organic compound (high-molecular compound) is dissolved 
is wet-supplied on a substrate 601 formed an electrode 602 
(FIG. 6A). Next, a first organic compound layer 603b is 
formed by completely removing a Solvent contained in the 
first solution 603a by heating 611 (FIG. 6B). Further, as a 
Step 612 of forming a mixed region or continuous junction 
region, an eluted area 603c is formed by placing the resultant 
Structure in a State where the Solvent contained in the first 
Solution 603a is contained in a treating atmosphere of the 
step 612 (FIG. 6C), then a second solution 604 in which a 
Second organic compound is dissolved is wet-Supplied 
(FIG. 6D). Finally, all the solvents are removed by heating 
613, thus yielding an organic compound layer according to 
the invention which has a mixed region or continuous 
junction region 605. 
0.087 According to the third manufacturing method, a 
mixed region or continuous junction region can be formed 
by using a low-molecular compound which can be Supplied 
by dry deposition as a first organic compound. That is, after 
a first organic compound layer 603b is deposited by vacuum 
evaporation or the like (the state in FIG. 6B), a second 
organic compound (high-molecular compound) dissolved in 
a Solvent which can slightly dissolve the first organic com 
pound is wet-supplied, thus yielding the state in FIG. 6D. 
0088 According to the fourth manufacturing method, a 
low-molecular compound can be used as a first organic 
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compound in FIGS. 6A through 6E. Specifically, first, a 
first organic compound layer 603b is deposited by vacuum 
evaporation or the like to yield the state in FIG. 6B, then an 
eluted region 603c is formed by placing the resultant struc 
ture in a State where a Solvent in which is capable of 
dissolving the first organic compound is contained in a 
treating atmosphere (FIG. 6C). 
0089. The second organic compound is made of a high 
molecular material to be wet-Supplied in every one of the 
first to fourth manufacturing methods. The present inventor 
has contrived the fifth manufacturing method as the reverse 
method of the first to fourth manufacturing methods. The 
fifth manufacturing method is one that a high-molecular 
material as the first organic compound, not the Second 
organic compound, is wet-Supplied first and then a low 
molecular compound as the Second organic compound is 
Supplied by vacuum evaporation, thereby forming a mixed 
region or a continuous junction region. 
0090 According to the fifth method, after a solution in 
which the first organic compound (high-molecular material) 
is dissolved is wet-Supplied, the resultant Structure is fed into 
a vacuum chamber, then the Second organic compound 
(low-molecular weight compound) is deposited by vacuum 
evaporation, and then the Second organic compound (low 
molecular weight compound) is diffused by heating, thereby 
forming a mixed region or a concentration varying region. 
The heating temperature can be any temperature at which 
the Solvent in which the first organic compound is dissolved 
can completely be removed. 
0091. According to the fifth method, it is more preferable 
that heating be carried out under a reduced pressure of 10' 
Pa or lower. In this case, the preferable heating temperature 
is in a range of about 60° C. to 100° C. 
0092 Various schemes are feasible for the wet-supplying 
described above. The schemes available include wet depo 
Sition, Such as Spin coating or dip coating, which is used 
generally, in addition, adsorption and an ink jet System. 
Particularly, as the inkjet System can pattern an organic 
compound with a high precision and in a wide range, the 
System is considered as effective in manufacturing a high 
definition and large-area luminescent device. 
0093 FIGS. 7A through 7E show a concept of realizing 
the first manufacturing method by the inkjet System. First, 
a bank structure 706 is formed on a substrate 701 having an 
electrode 702 (FIG. 7A) by photolithography (FIG. 7B). 
Next, a first solution 703a in which a first organic compound 
(high-molecular compound) is dissolved is wet-Supplied by 
an inkjet printer head 72.1a (FIG. 7C). Then, a step 711 of 
forming a mixed region or a continuous junction region is 
carried out by heating the first solution 703a at a temperature 
lower than a temperature at which the vapor preSSure of a 
Solvent contained in the first Solution 703a becomes an 
atmospheric pressure during a manufacturing (FIG. 7D) and 
wet-Supplying a Second Solution 704 in which a Second 
organic compound is dissolved by an inkjet printer head 
721b in a state 703b where the solvent contained in the first 
solution 703a remains (FIG. 7E). Finally, all the solvents 
are removed by heating, thus yielding an organic compound 
layer according to the invention which has a mixed region or 
continuous junction region. 
0094. In case where a compound which demonstrates 
light emission is used as the Second organic compound, for 



US 2002/0093283 A1 

example, a full-color luminescent device can be prepared by 
Supplying compounds which demonstrates light emission of 
red, green and blue Separately on respective pixels 707 a to 
707c by using the inkjet printer head 721b. 
0.095 The mixed region or continuous junction region 
disclosed in the present invention can be formed by any one 
of the manufacturing methods described above. 
0096 Embodiment 1 
0097. An organic luminescent device which is manufac 
tured by using the scheme illustrated in FIGS. 5A to 5E 
according to the invention will be specifically exemplified in 
this embodiment. 

0098 First, indium tin oxide (hereinafter called “ITO”) is 
deposited by Sputtering on a glass Substrate to a thickness of 
about 100 nm and, thus, becomes an anode. Next, a Solution 
of PEDOT doped with PSS as a hole transport natured 
material is deposited by Spin coating on the anode. 

0099. As illustrated in FIGS. 5A to 5E, the substrate is 
heated at a temperature lower than the temperature (100° C.) 
at which the vapor pressure of water becomes an atmo 
Spheric preSSure, So that the Substrate is in the State that 
slight moisture remains in the PEDOT solution. Further, 
PPV (hereinafter called “MEH-PPV") substituted by 
alkoxyl group with toluene as a Solvent is deposited by Spin 
coating and heated to a temperature of 100 C. or higher to 
completely remove the Solvent. 
0100 Finally, ytterbium is deposited as a cathode to a 
thickness of 400 nm by vacuum evaporation, thus providing 
an organic luminescent element according to the invention 
which emits green light originated from MEH-PPV. 

0101 Embodiment 2 
0102) An organic luminescent element which is manu 
factured by using the scheme illustrated in FIGS. 6A to 6E 
according to the invention will be specifically exemplified in 
this embodiment. 

0103 First, ITO is deposited by sputtering on a glass 
Substrate 601 to a thickness of about 100 nm, thus becomes 
an anode 602. Next, a PSS-doped PEDOT solution as a hole 
transport natured material is deposited by Spin coating on the 
anode and heated at 150° C. for 10 minutes, thereby com 
pletely eliminating the Solvent (moisture). 
0104. As illustrated in FIGS. 6A to 6E, polydioctylfluo 
rene (hereinafter called “PDOF) with Xylene as a solvent is 
spin-coated and is then heated to a temperature of 100 C. 
or higher to completely eliminate water and Xylene. 

0105 Finally, calcium is deposited 400 nm thick and 
aluminum is then deposited 150 nm thick by vacuum 
evaporation, thus providing an organic luminescent element 
according to the invention which emits blue light originated 
from PDOF. 

0106 Embodiment 3) 
0107 An organic luminescent element which is manu 
factured by using the Scheme of depositing a low-molecular 
compound by vacuum evaporation and Supplying a high 
molecular compound dissolved in a Solvent in which the 
low-molecular compound is slightly dissolved will be spe 
cifically exemplified in this embodiment. 
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0.108 First, ITO is deposited by sputtering on a glass 
Substrate to a thickness of about 100 nm, thus becomes an 
anode. Next, 4.4.4"-tris N-(3-methylphenyl)-N-phenyl 
amino-triphenylamine (hereinafter called “MTDATA') as a 
hole transport natured material is deposited by vacuum 
evaporation on the anode. 
0109) Then, a solution obtained by dissolving a PPV 
precursor which is Soluble in a polar Solvent in ethanol is 
deposited by Spin coating. Then, the resultant Structure is 
heated to a temperature of 80 C. or higher to completely 
remove the solvent and polymerize PPV at the same time. 
0110 Finally, ytterbium is deposited as a cathode to a 
thickness of 400 nm by vacuum evaporation, thus providing 
an organic luminescent element according to the invention 
which emits green light originated from PPV. 

0111 Embodiment 4 
0112 An organic luminescent element which is manu 
factured by using the Scheme involving an inkjet System 
will be specifically exemplified in this embodiment. 
0113 First, ITO 702 is deposited by sputtering on a glass 
Substrate 701 to a thickness of about 100 nm and a bunk 
structure 706 is formed by photolithography (FIG. 7B). 
Next, a PSS-doped PEDOT solution as a hole transport 
natured material is deposited on the anode 702 by an inkjet 
printer head 721a and heated at 150° C. for 10 minutes, 
thereby completely eliminating the Solvent (moisture). 
PEDOT deposited this way becomes hard to be dissolved in 
water and is slightly eluted. 
0114. An ink using a solution 704 in which a water 
soluble PPV precursor is dissolved is deposited by an inkjet 
printer head 721b and is then heated at 100° C. or higher, 
thereby completely eliminating water and Xylene. 
0115 Finally, calcium is deposited 100 nm thick by 
Vacuum evaporation and aluminum is then deposited 150 nm 
thick, thus providing an organic luminescent element 
according to the invention which emits green light origi 
nated from PPV. 

0116 Embodiment 5 
0117 The following will specifically discuss an organic 
luminescent element doped with compound which emits 
light (a compound which emits light from the triplet excited 
State) in a mixed region or continuous junction region. The 
organic luminescent element is formed by the Steps that a 
Solution in which a first organic compound (high-molecular 
material) is dissolved is wet-Supplied to a Substrate having 
an electrode, the Substrate is carried into a vacuum chamber, 
then a second organic compound (low-molecular weight 
compound) is deposited by vacuum evaporation, and then 
the Second organic compound is diffused by heating, thereby 
the mixed region or the concentration gradation region is 
formed in the organic luminescent element. It is preferable 
that heating be carried out under a reduced pressure of 10' 
Pa or lower. 

0118 First, ITO is deposited by sputtering on a glass 
Substrate to a thickness of about 100 nm, thus becomes an 
anode. Next, a chloroform Solution containing polyvinylcar 
bazole (hereinafter called “PVK) is deposited by spin 
coating and heated to remove the Solvent, in order to that 
PVK is used as a hole transport natured material. AS a 
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Solution containing the same Solvent (chloroform) is depos 
ited thereafter, the deposition of the chloroform solution 
containing PVK should desirably be executed several times 
in order to increase the film thickness to a certain extent. 

0119) Next, a solution obtained by adding 5 wt % of a 
bis(2-phenylpyridine)-acetylacetonatoiridum (hereinafter 
called “Ir(ppy)(acac)') complex which is a triplet lumines 
cent material into the chloroform solution containing PVK is 
deposited by spin coating on the PVK film deposited pre 
viously. 

0120) Then, tris(8-quinolinolato) aluminum (hereinafter 
written as "Alq3') is deposited by vacuum evaporation at a 
reduced pressure of 10 Pa without heating the substrate. 
Thereafter, as the resultant structure is baked at 80 C. under 
a reduced pressure of 10' Pa, an region with PVK and Alqa 
as hosts and Ir(ppy)(acac) as a guest (region which an 
Ir(ppy)(acac) is doped in mixed region comprising PVK 
and Alq) can be formed. 
0121 Finally, an alloy of Al and Li is deposited as a 
cathode to a thickness of 150 nm by vacuum evaporation, 
thus providing an organic luminescent element according to 
the invention which emits green light originated from 
Ir(ppy)(acac). 

0122) Embodiment 6 
0123 This embodiment describes a luminescent device 
that includes an organic luminescent element according to 
the present invention. FIG. 8 is sectional view of an active 
matrix luminescent device that uses an organic luminescent 
element of the present invention. A thin film transistor 
(hereinafter referred to as TFT) is used here as an active 
element, but the active element may be a MOS transistor. 
0.124. The TFT shown as an example is a top gate TFT 
(planar TFT, to be specific), but a bottom gate TFT (typically 
a reverse stagger TFT) may be used instead. 
0125. In FIG. 8, 801 denotes a substrate. The substrate 
used here can transmit visible light. Specifically, a glass 
Substrate, a quartz SubStrate, a crystal glass Substrate, or a 
plastic Substrate (including a plastic film) can be used. The 
substrate 801 refers to the substrate plus an insulating film 
formed on the Surface of the Substrate. 

0.126 On the substrate 801, a pixel portion 811 and a 
driving circuit 812 are provided. The pixel portion 811 will 
be described first. 

0127. The pixel portion 811 is a region for displaying an 
image. A plurality of pixels are placed on the Substrate, and 
each pixel is provided with a TFT 802 for controlling a 
current flowing in the organic luminescent element (herein 
after referred to as current controlling TFT) 802, a pixel 
electrode (anode) 803, an organic compound layer 804, and 
a cathode 805. Although only the current controlling TFT is 
shown in FIG. 8, each pixel has a TFT for controlling a 
Voltage applied to a gate of the current controlling TFT 
(hereinafter referred to as switching TFT). 
0128. The current controlling TFT 802 here is preferably 
a p-channel TFT. Though an n-channel TFT may be used 
instead, a p-channel TFT as the current controlling TFT is 
more Successful in reducing current consumption if the 
current controlling TFT is connected to the anode of the 
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organic luminescent element as shown in FIG. 8. Note that, 
the Switching TFT may be formed by either an n-channel 
TFT or a p-channel TFT, 

0129. A drain of the current controlling TFT 802 is 
electrically connected to the pixel electrode 803. In this 
embodiment, a conductive material having a work function 
of 4.5 to 5.5 eV is used as the material of the pixel electrode 
803, and therefore the pixel electrode 803 functions as the 
anode of the organic luminescent element. A light-transmis 
Sive material, typically, indium oxide, tin oxide, Zinc oxide, 
or a compound of these (ITO, for example), is used for the 
pixel electrode 803. On the pixel electrode 803, the organic 
compound layer 804 is formed. 

0.130. On the organic compound layer 804, the cathode 
805 is provided. The material of the cathode 805 is desirably 
a conductive material having a work function of 2.5 to 3.5 
eV. Typically, the cathode 805 is formed from a conductive 
film containing an alkaline metal element or an alkaline 
earth metal element, or from a conductive film containing 
aluminum, or from a laminate obtained by layering an 
aluminum or silver film on one of the above conductive 
films. 

0131) A layer composed of the pixel electrode 803, the 
organic compound layer 804, and the cathode 805 is covered 
with a protective film 806. The protective film 806 is 
provided to protect the organic luminescent element from 
oxygen and moisture. Materials usable for the protective 
film 806 include silicon nitride, silicon oxynitride, alumi 
num oxide, tantalum oxide, and carbon (specifically, dia 
mond-like carbon). 
0132) Next, the driving circuit 812 will be described. The 
driving circuit 812 is a region for controlling timing of 
Signals (gate signals and data Signals) to be sent to the pixel 
portion 811, and is provided with a shift register, a buffer, 
and a latch, as well as an analog Switch (transfer gate) or 
level shifter. In FIG. 8, the basic unit of these circuits is a 
CMOS circuit composed of an n-channel TFT 807 and a 
p-channel TFT 808. 

0.133 Known circuit structures can be applied to the shift 
register, the buffer, the latch, and the analog Switch (transfer 
gate) or level shifter. Although the pixel portion 811 and the 
driving circuit 812 are provided on the same substrate in 
FIG. 8, IC or LSI may be electrically connected to the 
Substrate instead of placing the driving circuit 812 on the 
Substrate. 

0134) The pixel electrode (anode) 803 is electrically 
connected to the current controlling TFT 802 in FIG. 8 but 
the cathode may be connected to the current controlling TFT 
instead. In this case, the pixel electrode is formed from the 
material of the cathode 805 whereas the cathode is formed 
from the material of the pixel electrode (anode) 803. The 
current controlling TFT in this case is preferably an n-chan 
nel TFT. 

0.135 The luminescent device shown in FIG. 8 is manu 
factured by a process in which formation of the pixel 
electrode 803 precedes formation of a wiring line 809. 
However, this process could roughen the Surface of the pixel 
electrode 803. The roughened surface of the pixel electrode 
803 may degrade characteristic of the organic luminescent 
element Since it is a current-driven type element. 
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0136. Then the pixel electrode 903 is formed after form 
ing the wiring line 909 to obtain a luminescent device shown 
in FIG. 9. In this case, injection of current from the pixel 
electrode 803 can be improved compared to the structure of 
FIG 8. 

0137 In FIGS. 8 and 9, a forward-tapered bank struc 
tures 810 or 910 separates the pixels placed in the pixel 
portions 811 or 911 from one another. If this bank structure 
is reverse-tapered, a contact between the bank Structure and 
the pixel electrode can be avoided. An example thereof is 
shown in FIG. 10. 

0.138. In FIG. 10, a wiring line also serves as a separation 
portion, forming a wiring line and Separation portion 1010. 
The shape of the wiring line and separation portion 1010 
shown in FIG. 10 (namely, a structure with eaves) is 
obtained by layering a metal that constitutes the wiring line 
and a material lower in etch rate than the metal (a metal 
nitride, for example) and then etching the laminate. This 
shape can prevent short circuit between a cathode 1005 and 
a pixel electrode 1003 or the wiring line. Unlike a usual 
active matrix luminescent device, the cathode 1005 on the 
pixel is striped in the device of FIG. 10 (similar to a cathode 
in a passive matrix device). 
0139 FIGS. 11A and 11B show the exterior of the active 
matrix luminescent device illustrated in FIG. 9. FIG. 11A is 
a top view thereof and FIG. 11B is a sectional view taken 
along the line P-P of FIG. 11A. The symbols in FIG. 9 are 
used in FIG. 11. 

0140. In FIG. 11A, 1101 denotes a pixel portion, 1102 
denotes a gate signal Side driving circuit, and 1103 denotes 
a data Signal Side driving circuit. Signals to be sent to the 
gate Signal Side driving circuit 1102 and the data Signal side 
driving circuit 1103 are inputted from a TAB (tape auto 
mated bonding) tape 1105 through an input wiring line 1104. 
Though not shown in the drawing, the TAB tape 1105 may 
be replaced by a TCP (tape carrier package) that is obtained 
by providing a TAB tape with an IC (integrated circuit). 
0141) Denoted by 1106 is the cover member that is 
provided in an upper part of the organic luminescent device 
shown in FIG. 9, and is bonded with a seal member 1107 
formed of a resin. The cover member 1106 may be any 
material as long as it does not transmit oxygen and water. In 
this embodiment, as shown in FIG. 11B, the cover member 
1106 is composed of a plastic member 1106a and carbon 
films (specifically, diamond-like carbon films) 1106b and 
1106c that are formed on the front and back of the plastic 
member 1106a, respectively. 
0142. As shown in FIG. 11B, the seal member 1107 is 
covered with a sealing member 108 made of a resin so that 
the organic luminescent element is completely Sealed in an 
airtight space 1109. The airtight space 1109 is filled with 
inert gas (typically, nitrogen gas or noble gas), a resin, or 
inert liquid (for example, liquid fluorocarbon typical 
example of which is perfluoro alkane). It is also effective to 
put an absorbent or deoxidant in the Space. 
0143 A polarizing plate may be provided on a display 
face (the face on which an image is displayed to be observed 
by a viewer) of the luminescent device shown in this 
embodiment. The polarizing plate has an effect of reducing 
reflection of incident light from the external to thereby 
prevent the display face from showing the reflection of a 

Jul.18, 2002 

Viewer. Generally, a circular polarizing plate is employed. 
However, it is preferable for the polarizing plate to have a 
Structure with less internal reflection by adjusting the index 
of refraction in order to prevent light emitted from the 
organic compound layer from being reflected at the polar 
izing plate and traveling backward. 

0144) Any of organic luminescent elements according to 
the present invention can be used as the organic luminescent 
element included in the luminescent device of this embodi 
ment. 

0145 Embodiment 7 

0146 This embodiment shows an active matrix lumines 
cent device as an example of a luminescent device that 
includes an organic luminescent element according to the 
present invention. Unlike Embodiment 6, in the luminescent 
device of this embodiment, light is taken out from the 
opposite Side of a Substrate on which an active element is 
formed (hereinafter referred to as upward emission). FIG. 
19 is a sectional view thereof. 

0147 A thin film transistor (hereinafter referred to as 
TFT) is used here as the active element, but the active 
element may be a MOS transistor. The TFT shown as an 
example is a top gate TFT (planar TFT, to be specific), but 
a bottom gate TFT (typically a reverse stagger TFT) may be 
used instead. 

0148. A substrate 1901, a current controlling TFT 1902 
that is formed in a pixel portion, and a driving circuit 1912 
of this embodiment have the same Structure as those of 
Embodiment 6. 

0149. A first electrode 1903, which is connected to a 
drain of the current controlling TFT 1902, is used as an 
anode in this embodiment, and therefore is formed prefer 
ably from a conductive material having a large work func 
tion. Typical examples of the conductive material include 
metals. Such as nickel, palladium, tungsten, gold, and Silver. 
In this embodiment, the first electrode 1903 desirably does 
not transmit light. More desirably, the electrode is formed 
from a material that is highly reflective of light. 

0150. On the first electrode 1903, an organic compound 
film 1904 is formed. Provided on the organic compound film 
1904 is a second electrode 1905, which serves as a cathode 
in this embodiment. Accordingly, the material of the Second 
electrode 1905 is desirably a conductive material having a 
work function of 2.5 to 3.5 eV. Typically, a conductive film 
containing an alkaline metal element or an alkaline-earth 
metal element, or a conductive film containing aluminum, or 
a laminate obtained by layering an aluminum or Silver film 
on one of the above conductive films is used. However, 
being light-transmissive is indispensable for the material of 
the second electrode 1905. Therefore, when used for the 
Second electrode, the metal is preferably formed into a very 
thin film about 20 nm in thickness. 

0151. A layer composed of the first electrode 1903, the 
organic compound film 1904, and the second electrode 
1905, are covered with a protective film 1906. The protec 
tive film 1906 is provided to protect the organic luminescent 
element from oxygen and moisture. In this embodiment, any 
material can be used for the protective film as long as it 
transmits light. 
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0152 The first electrode (anode) 1903 is electrically 
connected to the current controlling TFT 1902 in FIG. 19 
but the cathode may be connected to the current controlling 
TFT instead. In this case, the first electrode is formed from 
the material of the cathode whereas the Second electrode is 
formed from the material of the anode. The current control 
ling TFT in this case is preferably an n-channel TFT. 
0153 Denoted by 1907 is a cover member and is bonded 
with a seal member 1908 formed of a resin. The cover 
member 1907 may be any material as long as it transmits 
light but not oxygen and water. In this embodiment, glass is 
used. An airtight space 1909 is filled with inert gas (typi 
cally, nitrogen gas or noble gas), a resin, or inert liquid (for 
example, liquid fluorocarbon typical example of which is 
perfluoro alkane). It is also effective to put an absorbent or 
deoxidant in the Space. 
0154) Signals to be sent to the gate signal side driving 
circuit and the data Signal Side driving circuit are inputted 
from a TAB (tape automated bonding) tape 1914 through an 
input wiring line 1913. Though not shown in the drawing, 
the TAB tape 1414 may be replaced by a TCP (tape carrier 
package) that is obtained by providing a TAB tape with an 
IC (integrated circuit). 
0.155) A polarizing plate may be provided on a display 
face (the face on which an image is displayed to be observed 
by a viewer) of the luminescent device shown in this 
embodiment. The polarizing plate has an effect of reducing 
reflection of incident light from the external to thereby 
prevent the display face from showing the reflection of a 
Viewer. Generally, a circular polarizing plate is employed. 
However, it is preferable for the polarizing plate to have a 
Structure with less internal reflection by adjusting the indeX 
of refraction in order to prevent light emitted from the 
organic compound film from being reflected at the polariz 
ing plate and traveling backward. 
0156 Any of organic luminescent elements according to 
the present invention can be used as the organic luminescent 
element included in the luminescent device of this embodi 
ment. 

O157 Embodiment 8 
0158. This embodiment shows a passive matrix lumines 
cent device as an example of a luminescent device that 
includes an organic luminescent element disclosed in the 
present invention. FIG. 12A is a top view thereof and FIG. 
12B is a sectional view taken along the line P-P" of FIG. 
12A. 

0159. In FIG. 12A, denoted by 1201 is a substrate, which 
is formed of a plastic material here. The plastic material, 
which can be used, is a plate or film of polyimide, polya 
mide, an acrylic resin, an epoxy resin, PES (polyethylene 
sulfile), PC (polycarbonate), PET (polyethylene terephtha 
late), or PEN (polyethylene naphthalate). 
0160 1202 denotes scanning lines (anodes) formed from 
a conductive oxide film. In this embodiment, the conductive 
oxide film is obtained by doping Zinc oxide with gallium 
oxide. 1203 denotes data lines (cathodes) formed from a 
metal film, a bismuth film, in this embodiment. 1204 denotes 
banks formed of an acrylic resin. The banks function as 
partition walls that separate the data lines 1203 from one 
another. The scanning lines 1202 and the data lines 1203 
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respectively form Stripe patterns and the patterns croSS each 
other at right angles. Though not shown in FIG. 12A, an 
organic compound film is Sandwiched between the Scanning 
lines 1202 and the data lines 1203 and intersection portions 
1205 serve as pixels. 
0.161 The scanning lines 1202 and the data lines 1203 are 
connected to an external driving circuit through a TAB tape 
1207. 1208 denotes a group of wiring lines comprised of a 
mass of the scanning lines 1202. 1209 denotes a group of 
wiring lines comprised of a mass of connection wiring lines 
1206 that are connected to the data lines 1203. Though not 
shown, the TAB tape 1207 may be replaced by TCP that is 
obtained by providing a TAB tape with an IC. 

0162. In FIG. 12B, 1210 denotes a seal member and 1211 
denotes a cover member that is bonded to a plastic member 
1201 with the seal member 1210. A photo-curable resin can 
be used for the seal member 1210. A preferable material of 
the Seal member is one which allows little gas leakage and 
which absorbs little moisture. The cover member is prefer 
ably made from the same material as the Substrate 1201, and 
glass (including quartz glass) or plastic can be used. Here, a 
plastic material is used for the cover member. 
0163 FIG. 12C is an enlarged view of the structure of a 
pixel region. 1213 denotes an organic compound layer. 
Lower layers of the banks 1204 are narrower than upper 
layerS and therefore the banks can physically Separate the 
data lines 1203 from one another. A pixel portion 1214 
surrounded by the seal member 1210 is shut oft of the 
outside air by a Sealing member 1215 formed of a resin. 
Degradation of the organic compound film is thus prevented. 

0164. In the luminescent device structured as above in 
accordance with the present invention, the pixel portion 
1214 is composed of the scanning lines 1202, the data lines 
1203, the banks 1204, and the organic compound film 1213. 
Therefore the luminescent device can be manufactured by a 
very simple process. 
0.165 A polarizing plate may be provided on a display 
face (the face on which an image is displayed to be observed 
by a viewer) of the luminescent device shown in this 
embodiment. 

0166 The polarizing plate has an effect of reducing 
reflection of incident light from the external to thereby 
prevent the display face from showing the reflection of a 
Viewer. Generally, a circular polarizing plate is employed. 
However, it is preferable for the polarizing plate to have a 
Structure with less internal reflection by adjusting the index 
of refraction in order to prevent light emitted from the 
organic compound film from being reflected at the polariz 
ing plate and traveling backward. 
0.167 Any of organic luminescent elements according to 
the present invention can be used as the organic luminescent 
element included in the luminescent device of this embodi 
ment. 

0168 Embodiment 9 
0169. This embodiments shows an example of attaching 
a printed wiring board to the luminescent device shown in 
Embodiment 8 to make the device into a module. 

0170 In a module shown in FIG. 13A, a TAB tape 1304 
is attached to a substrate 1301 (here including a pixel portion 
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1302 and wiring lines 1303a and 1303b), and a printed 
wiring board 1305 is attached to the substrate through the 
TAB tape 1304. 
0171 A functional block diagram of the printed wiring 
board 1305 is shown in FIG. 13B. An IC functioning as at 
least I/O ports (input or output portions) 1306 and 1309, a 
data Signal side driving circuit 1307, and a gate Signal side 
driving circuit 1308 are provided within the printed wiring 
board 1305. 

0172 In this specification, a module structured by attach 
ing a TAB tape to a Substrate with a pixel portion formed on 
its Surface and by attaching a printed wiring board that 
functions as a driving circuit to the Substrate through the 
TAB tape as above is Specially named a module with 
external driving circuit. 
0173 Any of organic luminescent elements disclosed in 
the present invention can be used as the organic luminescent 
element included in the luminescent device of this embodi 
ment. 

0174 Embodiment 10 
0.175. This embodiment shows an example of attaching a 
printed wiring board to the luminescent device shown in 
Embodiment 6, 7, or 8 to make the device into a module. 
0176). In a module shown in FIG. 14A, a TAB tape 1405 

is attached to a Substrate 1401 (here including a pixel portion 
1402, a data Signal Side driving circuit 1403, a gate Signal 
side driving circuit 1404, and wiring lines 1403a and 
1404a), and a printed wiring board 1406 is attached to the 
substrate through the TAB tape 1405. A functional block 
diagram of the printed wiring board 1406 is shown in FIG. 
14B. 

0177. As shown in FIG. 14B, an IC functioning as at 
least I/O ports 1407 and 1410 and a control unit 1408 is 
provided within the printed wiring board 1406. A memory 
unit 1409 is provided here but it is not always necessary. The 
control unit 1408 is a portion having functions for control 
ling the driving circuits and correction of image data. 
0178. In this specification, a module structured by attach 
ing a printed wiring board that has functions as a controller 
to a Substrate on which an organic luminescent element is 
formed as above is specially named a module with external 
controller. 

0179 Any of organic luminescent elements disclosed in 
the present invention can be used as the organic luminescent 
element included in the luminescent device of this embodi 
ment. 

0180 Embodiment 11 
0181. This embodiment shows an example of lumines 
cent device in which an organic luminescent element shown 
in the present invention is driven at constant Voltage in 
accordance with digital time gray Scale display. 
0182 FIG. 17A shows the circuit structure of a pixel that 
uses an organic luminescent element. Tr represents a tran 
Sistor and CS represents a storage capacitor. In this circuit, 
when a gate line is Selected, a current flows into Tr1 from a 
Source line and a Voltage corresponding to the Signal is 
accumulated in Cs. Then a current controlled by the gate 
Source voltage (V) of Tr2 flows into Tr2 and the organic 
luminescent element. 
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0183). After Tr1 is selected, Tr1 is turned OFF to hold the 
voltage (V) of Cs. Accordingly, a current continues to flow 
in an amount dependent of V. 
0184 FIG. 17B shows a chart for driving this circuit in 
accordance with digital time gray Scale display. In digital 
time gray Scale display, one frame is divided into plural 
sub-frames. FIG. 17B shows 6 bit gray scale in which one 
frame is divided into Six Sub-frames. In this case, the ratio 
of light emission periods of the Sub-frames is 32:16:8:4:2:1. 
0185 FIG. 17C schematically shows driving circuits of 
TFT substrate in this embodiment. Agate driver and a source 
driver are provided on the same substrate. In this embodi 
ment, the pixel circuit and the drivers are designed to be 
digitally driven. Accordingly, fluctuation in TFT character 
istic does not affect the device and the device can display 
uniform images. 

0186 Embodiment 12 
0187. The following description of the embodiment illus 
trates an example of a constant drive circuit of an active 
matrix type which drives the organic luminescent devices of 
the invention by Supplying a constant current thereto. The 
circuit structure is shown in FIG. 18. 

0188 A pixel 1810 shown in FIG. 18 has a signal line Si, 
a first Scan line Gj, a Second Scanline P and a power Supply 
line Vi. The pixel 1810 further has transistors Tr1, Tr2, Tr3 
and Tral, a mixed junction type organic luminescent device 
1811 and a retaining capacitor 1812. 

0189 The gates of the transistors Tr3 and TrA are both 
connected to the first Scan line Gj. One of the Source and 
drain of the transistor Tr3 is connected to the signal line Si 
and the other to the Source of the transistor Tr2. One of the 
Source and drain of the transistor Trá is connected to the 
Source of the transistor Tr2 and the other to the gate of the 
transistor Tr1. That is, one of the Source and drain of the 
transistor Tr3 is connected to one of the Source and drain of 
the transistor TrA. 

0190. The source of Tr1 is connected with the power 
Source line Vi and the drain of Tr1 is connected with the 
Source of Tr2. The gate of Tr2 is connected to the second 
scanning line P. And, the drain of the Tr2 is connected with 
a pixel electrode in the organic luminescent element 1811. 
The organic luminescent element 1811 has the pixel elec 
trode, a counter electrode and an organic luminescent layer 
provided between the pixel electrode and the counter elec 
trode. The counter electrode of the organic luminescent 
element 1811 is applied constant Voltage by a power Source 
provided at the external of a light emitting panel. 

0191 Tr3 and TrA can adopt both n-channel type TFT and 
p-channel type TFT. However, the polarities of Tr3 and Tra 
are the Same. Further, Tr1 can adopt both n-channel type 
TFT and p-channel type TFT. Tr2 can adopt both n-channel 
type TFT and p-channel type TFT. With respect to the 
polarity, in the case of the pixel electrode and the counter 
electrode in the organic luminescent element, the one is an 
anode and the other is a cathode. In the case that the Tr2 is 
an p-channel type TFT, it is preferable to use the anode as 
a pixel electrode, and the cathode as a counter electrode. 
Reversely, in the case that the Tr2 is an n-channel type TFT, 
it is preferable to use the cathode as a pixel electrode, and 
the anode as a counter electrode. 
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0.192 The retention capacitor 1812 is formed between the 
gate and the source of Tr1. The retention capacitor 1812 is 
provided to maintain more certainly the Voltage (Vs) 
between the gate and the source of Tr1. However, it is not 
necessary always provided. 

0193 In the pixel shown in FIG.37, the current supplied 
to the Signal line Si is controlled at the current Source in the 
Signal line driving circuit. 
0194 By applying the above-mentioned circuit structure, 
the constant-current driving can be realized, by which the 
brightness can be kept by flowing a constant current in the 
organic luminescent element. The organic luminescent ele 
ment having a mixed region of the present invention has a 
longer lifetime than that of prior organic luminescent ele 
ment. The organic luminescent element is effective because 
very longer lifetime can be realized by implementing above 
mentioned constant-current driving. 
0.195 The invention is practiced to enable providing a 
luminescent device which is Small in power consumption 
and excellent in life. Further, an electric appliance, which is 
bright and Small in power consumption and Serviceable over 
a long term, can be obtained by using Such luminescent 
device for a light Source or a display Section. 
0196) Embodiment 13 
0197) The luminescent devices of the present invention, 
which have been described in, the embodiments above have 
advantages of low power consumption and long lifetime. 
Accordingly, electric appliances that include those lumines 
cent devices as their display units can operate consuming 
less power than conventional ones and are durable. The 
advantages are very useful especially for electric appliances 
that use batteries as power Sources, Such as portable equip 
ment, because low power consumption leads directly to 
conveniences (batteries last longer). 
0198 The luminescent device is self-luminous to elimi 
nate the need for back light as the one in liquid crystal 
displays, and has an organic compound layer whose thick 
neSS is less than 1 um. Therefore the luminescent device can 
be made thin and light-weight. Electric appliances that 
include the luminescent device as their display units are 
accordingly thinner and lighter than conventional ones. This 
too leads directly to conveniences (lightness and compact 
ness in carrying them around) and is very useful particularly 
for portable equipment and like other electric appliances. 
Moreover, being thin (unvoluminous) is doubtlessly useful 
for all of the electric appliances in terms of transportation (a 
large number of appliances can be transported) and instal 
lation (space-saving in a room). 
0199 Being self-luminous, the luminescent device is 
characterized by having better visibility in bright places than 
liquid crystal display devices and wide Viewing angle. 
Therefore electric appliances that include the luminescent 
device as their display units are very advantageous also in 
terms of easineSS in Viewing display. 

0200. To summarize, electric appliances that use a lumi 
neScent device of the present invention have, in addition to 
merits of conventional organic luminescent elements, 
namely, thinneSS/lightness and high visibility, new features 
of low power consumption and long lifetime, and therefore 
are very useful. 
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0201 This embodiment shows examples of the electric 
appliances that include as display units the luminescent 
device of the present invention. Specific examples thereof 
are shown in FIGS. 15 and 16. Any metal complexes 
disclosed in the present invention can be used for the organic 
luminescent element included in the electric appliance of 
this embodiment. The luminescent device included in the 
electric appliance of this embodiment can have any of the 
configurations illustrated in FIGS. 8 to 14. 
0202 FIG. 15A shows a display device using an organic 
luminescent element. The display device is composed of a 
case 1501a, a support base 1502a, and a display unit 1503a. 
By using a luminescent device of the present invention as the 
display unit 1703a, the display device can be thin, light 
weight, and durable. Accordingly, transportation is simpli 
fied, Space is Saved in installation, and lifetime is long. 

0203 FIG. 15B shows a video camera, which is com 
posed of a main body 1501b, a display unit 1502b, an audio 
input unit 1503b, operation switches 1504b, a battery 1505b, 
and an image receiving unit 1506b. By using a luminescent 
device of the present invention as the display unit 1502b, the 
Video camera can be light-weight and consumes less power 
Accordingly, battery consumption is reduced and carrying 
the Video camera is less inconvenient. 

0204 FIG. 15C shows a digital camera, which is com 
posed of a main body 1501c, a display unit 1502c, an eye 
piece unit 1503c, and operation Switches 1504c. By using a 
luminescent device of the present invention as the display 
unit 1502c, the digital camera can be light-weight and 
consumes less power. Accordingly, battery consumption is 
reduced and carrying the digital camera is less inconvenient. 
0205 FIG. 15D shows an image reproducing device 
equipped with a recording medium. The device is composed 
of a main body 1501d, a recording medium (such as CD, LD, 
or DVD) 1502d, operation switches 1503d, a display unit 
(A) 1504d, and a display unit (B) 1505d. The display unit 
(A) 1504d mainly displays image information whereas the 
display unit (B) 1505d mainly displays text information. By 
using a luminescent device of the present invention as the 
display unit (A) 1504d and the display unit (B) 1505d, the 
image reproducing device consumes less power and can be 
light-weight and durable. The image reproducing device 
equipped with a recording medium also includes CD players 
and game machines. 
0206 FIG. 15E shows a (portable) mobile computer, 
which is composed of a main body 1501e, a display unit 
1502e, an image receiving unit 1503e, operation Switches 
1504e, and a memory slot 1505e. By using a luminescent 
device of the present invention as the display unit 1502e, the 
portable computer can be thin and light-weight, and con 
Sumes less power. Accordingly, battery consumption is 
reduced and carrying the computer is less inconvenient. The 
portable computer can Store information in a flash memory 
or a recording medium obtained by integrating non-volatile 
memories and can reproduce the Stored information. 
0207 FIG. 15F shows a personal computer, which is 
composed of a main body 1501f a case 1502f; a display unit 
1503f, and a keyboard 1504f. By using a luminescent device 
of the present invention as the display unit 1503f the 
personal computer can be thin and lightweight, and con 
Sumes less power. The luminescent device is a great merit in 



US 2002/0093283 A1 

terms of battery consumption and lightness especially for a 
notebook personal computer that are carried around. 

0208. These electric appliances now display with increas 
ing frequency information Sent through electronic commu 
nication lines Such as the Internet and radio communications 
Such as radio wave, especially, animation information. Since 
organic luminescent elements have very fast response Speed, 
the luminescent device is Suitable for animation display. 

0209 FIG. 16A shows a cellular phone, which is com 
posed of a main body 1601a, an audio output unit 1602a, an 
audio input unit 1603a, a display unit 1604a, operation 
Switches 1605a, and an antenna 1606a. By using a lumi 
neScent device of the present invention as the display unit 
1604a, the cellular phone can be thin and light-weight, and 
consumes less power. Accordingly, battery consumption is 
reduced, carrying the cellular phone is easy, and the main 
body is compact. 

0210 FIG. 16B shows audio (specifically, car audio), 
which is composed of a main body 1601b, a display unit 
1602b, and operation switches 1603b and 1604b. By using 
a luminescent device of the present invention as the display 
unit 1602b, the audio can be light-weight, and consumes leSS 
power. Although car audio is taken as an example in this 
embodiment, the audio may be home audio. 
0211. It is effective to give the electric appliances shown 
in FIGS. 15A to 15F to 16A to 16B a function of modulating 
the luminance of emitted light in accordance with the 
brightness of the Surroundings where the electric appliances 
are used by providing the brightness of the Surroundings 
where the electric appliances are used by providing the 
electric appliances with photo Sensors as measures to detect 
the brightness of the Surroundings. A user can recognize 
image or text information without difficulties if the contrast 
ratio of the luminance of emitted light to the brightness of 
the surroundings is 100 to 150. With this function, the 
luminance of an image can be raised for better viewing when 
the Surroundings are bright whereas the luminance of an 
image can be lowered to reduce power consumption when 
the Surroundings are dark. 

0212 Various electric appliances that employ as light 
Sources the luminescent device of the present invention can 
be also thin and light-weight and can operate consumingleSS 
power, which makes them very useful appliances. Light 
Sources of liquid crystal display devices, Such as back light 
or front light, or light Sources of lighting fixtures are 
included in the luminescent device of the present invention 
as a light Source. Accordingly, the luminescent device can be 
thin, light-weight, and consume less power. 
0213 When liquid crystal displays are used as the display 
units of the electric appliances shown in FIGS. 15A to 15F 
and 17A to 17B according to this embodiment, the electric 
appliances can be thin and light-weight and consume leSS 
power if those liquid crystal displayS use as back light or 
front light the luminescent device of the present invention. 

0214. The invention is practiced to enable providing a 
luminescent device which is Small in power consumption 
and excellent in life. Further, an electric appliance, which is 
bright and Small in power consumption and Serviceable over 
a long term, can be obtained by using Such luminescent 
device for a light Source or a display Section. 
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What is claimed is: 
1. A luminescent device comprising an organic lumines 

cent element comprising: 
an anode, 
a cathode; and 
an organic compound layer interposed between Said 

anode and Said cathode, comprising at least two com 
pounds Selected from the group of a hole injection 
compound which receives holes from Said anode, an 
electron injection compound which receives electrons 
from Said cathode, a hole transport compound, an 
electron transport compound, a blocking compound 
and a luminescent compound which demonstrates light 
emission, 

wherein one of Said two compounds is at least a high 
molecular compound, and 

wherein a mixed region in which said two compounds are 
mixed is located apart from Said anode and Said cath 
Ode. 

2. The luminescent device according to claim 1, wherein 
Said two compounds are hosts and a guest is added in Said 
mixed region. 

3. The luminescent device according to claim 2, wherein 
Said guest is a luminescent compound which demonstrates 
light emission. 

4. A luminescent device comprising comprising an 
organic luminescent element comprising: 

an anode, 
a cathode; 
an organic compound layer interposed between Said 

anode and Said cathode, comprising a first organic 
compound which is a high-molecular compound and a 
Second organic compound which is a high-molecular 
compound different from Said first organic compound, 
and 

a mixed region in the organic ompound layer, where Said 
first organic compound and Said Second organic com 
pound are mixed. 

5. The luminescent device according to claim 4, wherein 
concentrations of Said first and Second organic compounds 
change continuously in Said mixed region. 

6. The luminescent device according to claim 5, wherein 
there is a region where a detection amount of an element 
which is detected by SIMS in elements constituting said first 
organic compound or Said Second organic compound, 
changes continuously from Said anode to Said cathode. 

7. The luminescent device according to claim 5, wherein 
Said organic compound layer comprises elements of a group 
15 to a group 17 and there is a region where a detection 
amount of said elements which is detectable by SIMS 
changes continuously in a direction from Said anode to Said 
cathode. 

8. The luminescent device according to claim 7, wherein 
Said group 17 element is Selected from the group consisting 
of nitrogen, phosphorus, oxygen, Sulfur, fluorine, chlorine, 
bromine and iodine. 

9. The luminescent device according to claim 4, wherein 
Said first organic compound is a hole transport compound 
and Said Second organic compound is a luminescent com 
pound which demonstrates light emission. 
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10. The luminescent device according to claim 9, wherein 
Said first organic compound is a high-molecular compound 
including at electrons and is chemically doped. 

11. The luminescent device according to claim 9, wherein 
Said first organic compound is Selected from the group 
consisting of a polythiophene derivative, a polyaniline 
derivative and a polyvinylcarbazole derivative. 

12. The luminescent device according to claim 9, wherein 
Said Second organic compound is a material Selected from 
the group consisting of a polyparaphenyleneVinylene deriva 
tive, a polydialkylfluorene derivative, a polyvinylcarbazole 
derivative and a polyphenylene derivative. 

13. The luminescent device according to claim 4, wherein 
Said first organic compound is an electron transport com 
pound and Said Second organic compound is a luminescent 
compound which demonstrates light emission. 

14. The luminescent device according to claim 13, 
wherein Said first organic compound is a high-molecular 
compound including at electrons and is chemically doped. 

15. The luminescent device according to claim 13, 
wherein Said Second organic compound is a material 
Selected from the group consisting of a polyparaphenyle 
nevinylene derivative, a polydialkylfluorene derivative, a 
polyvinylcarbazole derivative, and a polyphenylene deriva 
tive. 

16. The luminescent device according to claim 4, wherein 
Said organic compound layer comprises a third organic 
compound different from Said first and Second organic 
compounds and, is added as a guest in a region comprising 
both Said first organic compound and Said Second organic 
compound. 

17. The luminescent device according to claim 16, 
wherein each of Said first organic compound and Said Second 
organic compound is compound Selected from the group 
consisting of a hole injection compound which receives 
holes from Said anode, an electron injection compound 
which receives electrons from Said cathode, a hole transport 
compound, an electron transport compound and a blocking 
compound capable of inhibiting electron transfer, and Said 
third organic compound is a luminescent compound which 
demonstrates light emission. 

18. The luminescent device according to claim 16, 
wherein Said third organic compound is a luminescent 
compound which demonstrates light emission from a triplet 
excited State. 

19. The luminescent device according to claim 18, 
wherein Said third organic compound is one of a metal 
complex having platinum as a central metal and a metal 
complex having iridium as a central metal. 

20. The luminescent device according to claim 16, 
wherein Said third organic compound has a larger energy 
difference between a highest occupied molecular orbital and 
a lowest unoccupied molecular orbital than Said first organic 
compound and Said Second organic compound. 

21. The luminescent device according to claim 16, 
wherein Said third organic compound is a material Selected 
from the group consisting of a phenanthroline derivative, an 
oxadiazole derivative and a triazole derivative. 

22. The luminescent device according to claim 16, 
wherein Said third organic compound is a metal complex 
comprising a metal element and a detection region of Said 
metal element detectable by SIMS comprises both said first 
organic compound and Said Second organic compound. 
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23. The luminescent device according to claim 22, 
wherein Said metal element is Selected from the group 
consisting of aluminum, Zinc and beryllium. 

24. The luminescent device according to claim 22, 
wherein Said metal element is Selected from the group 
consisting of iridium and platinum. 

25. A luminescent device comprising an organic lumines 
cent element comprising: 

an anode, 
a cathode; 
an organic compound layer interposed between Said 

anode and Said cathode, comprising a first organic 
compound which is a high-molecular compound and a 
Second organic compound which is a low-molecular 
compound and which is capable of a vacuum evapo 
ration, 

a mixed region in the organic ompound layer, where Said 
first organic compound and Said Second organic com 
pound are mixed. 

26. The luminescent device according to claim 25, 
wherein concentrations of Said first and Second organic 
compounds change continuously in Said mixed region. 

27. The luminescent device according to claim 26, 
wherein there is a region where a detection amount of an 
element which is detected by SIMS in elements constituting 
Said first organic compound or said Second organic com 
pound, changes continuously from Said anode to Said cath 
ode. 

28. The luminescent device according to claim 26, 
wherein Said organic compound layer comprises elements of 
a group 15 to a group 17 and there is a region where a 
detection amount of Said elements which is detectable by 
SIMS changes continuously in a direcion from Said anode to 
Said cathode. 

29. The luminescent device according to claim 26, 
wherein Said group 17 element is Selected from the group 
consisting of nitrogen, phosphorus, oxygen, Sulfur, fluorine, 
chlorine, bromine and iodine. 

30. The luminescent device according to claim 25, 
wherein Said first organic compound is a hole transport 
compound and Said Second organic compound is a lumines 
cent compound which demonstrates light emission. 

31. The luminescent device according to claim 30, 
wherein Said first organic compound is a high-molecular 
compound including at electrons and is chemically doped. 

32. The luminescent device according to claim 30, 
wherein Said first organic compound is Selected from the 
group consisting of a polythiophene derivative, a polyaniline 
derivative and a polyvinylcarbazole derivative. 

33. The luminescent device according to claim 25, 
wherein Said first organic compound is an electron transport 
compound and Said Second organic compound is a lumines 
cent compound which demonstrates light emission. 

34. The luminescent device according to claim 33, 
wherein Said first organic compound is a high-molecular 
compound including at electrons and is chemically doped. 

35. The luminescent device according to claim 25, 
wherein Said first organic compound is a luminescent com 
pound which demonstrates light emission and Said Second 
organic compound is a hole transport compound. 

36. The luminescent device according to claim 35, 
wherein Said Second organic compound is a material 
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Selected from the group consisting of a polyparaphenyle 
nevinylene derivative, a polydialkylfluorene derivative, a 
polyvinylcarbazole derivative and a polyphenylene deriva 
tive. 

37. The luminescent device according to claim 25, 
wherein Said first organic compound is a luminescent com 
pound which demonstrates light emission and Said Second 
organic compound is an electron transport compound. 

38. The luminescent device according to claim 37, 
wherein Said Second organic compound is a material 
Selected from the group consisting of a polyparaphenyle 
nevinylene derivative, a polydialkylfluorene derivative, a 
polyvinylcarbazole derivative and a polyphenylene deriva 
tive. 

39. The luminescent device according to claim 5, wherein 
Said organic compound layer comprises a third organic 
compound different from Said first and Second organic 
compounds and, is added as a guest in a region comprising 
both Said first organic compound and Said Second organic 
compound. 

40. The luminescent device according to claim 39, 
wherein each of Said first organic compound and Said Second 
organic compound is compound Selected from the group 
consisting of a hole injection compound which receives 
holes from Said anode, an electron injection compound 
which receives electrons from Said cathode, a hole transport 
compound, an electron transport compound and a blocking 
compound capable of inhibiting electron transfer, and Said 
third organic compound is a luminescent compound which 
demonstrates light emission. 

41. The luminescent device according to claim 39, 
wherein Said third organic compound is a luminescent 
compound which demonstrates light emission from a triplet 
excited State. 

42. The luminescent device according to claim 41, 
wherein Said third organic compound is one of a metal 
complex having platinum as a central metal and a metal 
complex having iridium as a central metal. 

43. The luminescent device according to claim 39, 
wherein Said third organic compound has a larger energy 
difference between a highest occupied molecular orbital and 
a lowest unoccupied molecular orbital than Said first organic 
compound and Said Second organic compound. 

44. The luminescent device according to claim 39, 
wherein Said third organic compound is a material Selected 
from the group consisting of a phenanthroline derivative, an 
oxadiazole derivative and a triazole derivative. 

45. The luminescent device according to claim 39, 
wherein Said third organic compound is a metal complex 
comprising a metal element and a detection region of Said 
metal element detectable by SIMS comprises both said first 
organic compound and Said Second organic compound. 

46. The luminescent device according to claim 45, 
wherein Said metal element is Selected from the group 
consisting of aluminum, Zinc and beryllium. 

47. The luminescent device according to claim 45, 
wherein Said metal element is Selected from the group 
consisting of iridium and platinum. 

48. A method of manufacturing a luminescent device 
comprising an organic luminescent element comprising 
Steps of: 

wet-Supplying a first Solution over a Substrate having an 
electrode, wherein the first Solution comprisises a first 
organic compound and a first Solvent; 
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heating Said first Solution in a treating atmosphere at a 
temperature, and 

after the heating, disposing a Second Solution over Said 
Substrate; 

wherein a pressure of Said treating atmosphere is higher 
than a vapor preSSure of Said first Solvent at Said 
temperature. 

49. A method of manufacturing a luminescent device 
comprising an organic luminescent element comprising 
Steps of 

wet-Supplying a first Solution over a Substrate having an 
electrode, wherein the first Solution comprises a first 
organic compound and a first Solvent; 

drying Said first Solution by heating, and 

after the heating, disposing a Second Solution over Said 
Substrate in a treating atmosphere, wherein the Second 
Solution comprises a Second organic compound and a 
Second Solvent, 

wherein Said treating atmosphere contains Said first Sol 
vent during disposing the Second Solution. 

50. A method of manufacturing a luminescent device 
comprising an organic luminescent element comprising 
Steps of 

forming a first organic compound layer over a Substrate 
having an electrode; and 

wet-Supplying a Second Solution over Said Substrate, 
wherein Said Second Solution comprises a Second 
organic compound and a Second Solvent; 

wherein a Solubility of Said Second organic compound to 
Said Second Solvent is higher than a Solubility of a first 
organic compound to Said Second Solvent. 

51. A method of manufacturing a luminescent device 
comprising an organic luminescent element comprising 
Steps of 

forming a first organic compound layer over a Substrate 
having an electrode; and 

wet-Supplying a Second Solution over Said Substrate in a 
treating atmosphere; 

wherein Said treating atmosphere contains a Solvent which 
is capable of dissolving a first organic compound. 

52. A method of manufacturing a luminescent device 
comprising an organic luminescent element comprising 
Steps of 

wet-Supplying a first Solution in which a first organic 
compound is dissolved over a Substrate having an 
electrode, 

forming a Second organic compound layer by a vacuum 
evaporation in a vacuum chamber, and 

heating Said Substrate, Said first organic Solution, and Said 
Second organic compound layer. 

53. The method according to claim 52, wherein heating is 
carried out under a reduced pressure of 10 Pa or lower. 


