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(57) ABSTRACT 
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4350 LA JQLLA VILLAGE DRIVE There‘ is provided a ?lm formation apparatus for forming an 
SUITE 500 orgamc compound ?lm including a plurality of functional 

regions. A plurality of evaporation sources (203a to 203C) SA DIEGO CA 92122 US 
N ’ ( ) are included in a ?lm formation chamber (210), functional 

(21) APPL NO; 10/072,310 regions made of respective organic compounds are succes 
sively formed, and a mixed region can be further formed in 

(22) Filed; Feb 5, 2002 an interface betWeen the functional regions. Also, When 
means for applying energy to an organic compound mol 

(30) Foreign Application Priority Data ecule to be formed into a ?lm in a molecular activation 
region (213) is provided in such a ?lm formation chamber, 

Feb. 8, 2001 (JP) .................................... .. 2001-032997 a dense ?lm can be formed. 
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FILM FORMATION APPARATUS AND FILM 
FORMATION METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a deposition device 
and a deposition method forming a light emitting element 
With a ?lm containing an organic compound that emits light 
upon application of electric ?eld (hereinafter referred to as 
organic compound layer), as Well as an anode and a cathode. 
Speci?cally, the present invention relates to a manufacturing 
of a tight emitting element of loWer drive voltage than before 
and of longer lifetime. The term light emitting device in this 
speci?cation refers to an image display device or a light 
emitting device that employs as an element a light emitting 
element. Also included in the de?nition of the light emitting 
device are a module in Which a connector, such as an 

anisotropic conductive ?lm (FPC: ?exible printed circuit), a 
TAB (tape automated bonding) tape, or a TCP (tape carrier 
package), is attached to a light emitting element, a module 
in Which a printed Wiring board is provided on the tip of a 
TAB tape or a TCP, and a module in Which an IC (integrated 
circuit) is mounted directly to a light emitting element by the 
COG (chip on glass) method. 

[0003] 2. Description of the Related Art 

[0004] A light emitting element is an element that emits 
light When electric ?eld is applied. Light emission mecha 
nism thereof is said to be as folloWs. Avoltage is applied to 
an organic compound ?lm sandWiched betWeen electrodes 
to cause form the molecular exciton by recombination of 
electrons injected from the cathode and holes injected from 
the anode at the luminescent center in the organic compound 
layer and, When resultant molecular exciton returns to base 
state, it releases energy in the form of light emission. 

[0005] There are tWo types of molecular excitons from 
organic compounds; one is singlet exciton and the other is 
triplet exciton. This speci?cation includes both cases Where 
singlet excitation causes light emission and Where triplet 
excitation causes light emission. 

[0006] In a light emitting element as above, its organic 
compound ?lm is usually a thin ?lm having a thickness of 
less than 1 pm. In addition, the light emitting element does 
not need back light used in conventional liquid crystal 
displays because it is a self-luminous element and the 
organic compound ?lm itself emits light. The light emitting 
element is therefore useful in manufacturing a very thin and 
light-Weight device, Which is a great advantage. 

[0007] When the organic compound ?lm is about 100 to 
200 nm in thickness, for example, recombination takes place 
Within several tens nanoseconds since carriers are injected 
based on the mobility of the carriers in the organic com 
pound ?lm. Even the process from carrier recombination to 
light emission is taking into account, the organic light 
emitting element may be ready for light emission Within an 
order of microsecond. Accordingly, fast response is also one 
of the features of the light emitting element. 

[0008] Since the light emitting element is of carrier injec 
tion type, it can be driven With direct-current voltage and 
noise is hardly generated. Regarding drive voltage, a report 
says that a suf?cient luminance of 100 cd/m2 is obtained at 
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5.5 V by using a very thin ?lm With a uniform thickness of 
about 100 nm for the organic compound ?lm, choosing an 
electrode material capable of loWering a carrier injection 
barrier against the organic compound ?lm, and introducing 
the hetero structure (tWo-layer structure) (Reference 1: C. W. 
Tang and S. A. VanSlyke, “Organic electroluminescent 
diodes”, Applied Physics Letters, vol. 51, no. 12, 913-915 
(1987)). 
[0009] With those features, including thin/light-Weight, 
fast response, and direct loW voltage driving, light emitting 
elements are attracting attention as next-generation ?at panel 
display elements. In addition, for their being self-luminous 
and Wide vieWing angle, light emitting elements have better 
visibility and are considered as effective When used for 
display screens of electric appliances. 

[0010] In the light emitting element disclosed in Reference 
1, the carrier injection barrier is loWered by using a MgzAg 
alloy that is loW in Work function and is relatively stable for 
the cathode so that more electrons are injected. This makes 
it possible to inject a large number of carriers into the 
organic compound ?lm. 

[0011] Further, a single hetero structure, in Which a hole 
transporting layer formed of diamine compound and an 
electron transporting light emitting layer formed of tris 
(8-quinolinolate) aluminum complex (hereinafter referred to 
as Alq3) are layered as the organic compound ?lm, is 
adopted to improve the carrier recombination ef?ciency 
exponentially. This is explained as folloWs. 

[0012] In the case of a light emitting element Whose 
organic compound ?lm consists of a single layer of Alq3, for 
example, most of electrons injected from the cathode reach 
the anode Without being recombined With holes and the light 
emission ef?ciency is very loW. In short, a material that can 
transport electrons and holes both in balanced amounts 
(hereinafter referred to as bipolar material) has to be used in 
order that a single layer light emitting element can emit light 
ef?ciently (i.e., in order to drive at loW voltage), and Alq3 
does not meet the requirement. 

[0013] On the other hand, When the single hetero structure 
as the one in Reference 1 is adopted, electrons injected from 
the cathode are blocked at the interface betWeen the hole 
transporting layer and the electron transporting light emit 
ting layer and trapped in the electron transporting light 
emitting layer. Recombination of the carriers thus takes 
place in the electron transporting light emitting layer With 
high ef?ciency, resulting in ef?cient light emission. 

[0014] Expanding this idea of carrier blocking function, it 
is possible to control the carrier recombination region. To 
give an example, there is a report of success in making a hole 
transporting layer to emit light by inserting a layer that can 
block holes (hole blocking layer) betWeen the hole trans 
porting layer and an electron transporting layer and trapping 
the holes in the hole transporting layer. (Reference 2: 
Yasunori KIJIMA, Nobutoshi ASAI and Shin-ichiro 
TAMURA, “A Blue Organic Light Emitting Diode”, J apa 
nese Journal of Applied Physics. vol. 38, 5274-5277 (1999)). 

[0015] It can be said that the light emitting element in 
Reference 1 is characteriZed by separation of functions of 
the hole transporting layer and the electron transporting light 
emitting layer in Which the former layer is assigned to 
transport holes and the latter layer is assigned to transport 


















































