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LIGHT EMITTING DEVICE, METHOD OF MANUFACTURING THE 

S.M.IB, AND THIN FILM FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a thin film forming apparacus used in 

manufacturing a display device that has an EL (electroluminescence) element (the 

device will hereafter be called a light emitting device). to a method of 

manufacturing a light emitting device using the film forming apparatus, and to a 

light emitting device manufactured by the method. 

10 2. Prior Art 

Researches on a light emitting device having an EL element as a self-luminous 

element are flourishing in recent years. The one that attracts attention most is a 

light emitting device using an organic material as an EL material. The light emitting 

device is also called an organic EL display (OELD) or an organic light. emitting 

15 diode (OLED). 

The light emitting device is characterized by having no viewing-angle-related 

problem because it is self-luminous unlike liquid crystal display devices. This makes 

the light emitting device a more suitable display for outdoor use than liquid crystal 

displays, and various application modes for the light emitting device have been 

20 proposed. 

An EL element is composed of a pair of electrodes and an EL layer sandwiched 

between the electrodes. The EL layer usually ha.s a·· laminate structure typical 
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example of which is one proposed by Tang er al. of Eastman Kodak Company and 

composed of a hole transporting layer, a hght emitting layer, and an electron 

transporting layer. This structure has so high a light emitting efficiency thar ic is 

employed in almost all of light emitting devices thar are under development at 

5 present. 

When a given voltage is applied ta.the EL layer srructured as above by a pair 

of electrodes, recombination of carriers talces place in rhe light emitting layer to emit 

light. On one hand, there is a passive matrix method in which EL layers are placed 

between one kind of striped elecrrode and the other kind of striped elecrrode which 

10 intersect with each other at right angles. On the other hand, there is an active 

matrix method in which EL layers are placed benveen pixel electrodes char are 

connected to TFTs and arranged in matrix and opposite electrodes. 

A geneTal EL element is fanned such that it emits lighr coward a substrate side 

on which TFTs are formed when viewed from the EL element side (this is called a 

15 downward (bottom face) emission type). 

In the downward emission type, a pixel electrode formed on a substrate that 

has TFTs fanned on a quartz, glass or other insulating surface (hereinaft~.r referred 

to as TIT substrate) is an anode, and is formed of a lightrtransmissive conductive 

film such as an alloy film of indium oxide and tin oxide (the alloy is called ITO} or 

20 a i;inc oxide film. An EL layer is formed on the pixel electrode, and formed on the 

EL layer is an opposite electrode that serves as a cathode and is formed of a metal 

material having a small work function. Patterning of the pixel electrode ts required 

in forming the pL"<el electrode and, in this case, patterning by photolithography is 

usually employed. The opposite electrode is formed by evaporation chat Jamages · 

25 the EL layer less. 
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SUMMARY OF THE INVENTION 

A light emitting device having an EL elemem of che type that emits light: 

toward the subsrrace side viewed from the EL elemem, namely, the downward 

emission type, is limited in aperture ratio because of the structure of the EL element. 

5 Then, expectedly, the aperture ratio is raised by using an EL element of the rype 

that emits light toward the opposite side of the substrate viewed from the EL 

element (hereinafter referred to as an upward (top face) emission type). 

The upward emission cype EL element has an element structure reverse to that 

of the downward emission type EL element and is manufactured differently from the 

10 downward emission. type. First, its pL"<el electrode formed on a TFT substrate serves 

as a cathode and cannot be patterned by photolithography unlike the case where 

the pixel electrode is an anode. Photolithography cannot be used because a 

conductive material of the cathode which has a small work function forms an oxide 

film to give an insulating surface to the pixel electrode. 

15 On the other hand, if the pixel electrode is formed by evaporatiop. using a 

metal mask, positioning of the metal mask having a fine mask pattern requires such 

a level of accuracy that has not quite been achieved yet. Therefore it is demanded 

to raise the accuracy in positioning the metal mask to pattern the pixel electrode by 

evaporation. 

20 On the pixel electrode, an EL layer is formed. An EL macerial for forming th~ 

EL layer is exrremely weak against oxidization and the slightest amount of moisture 

can easily accelerate the oxidization to degrade the EL material. Therefore a 

method of inhibiting degradation of the EL material is demanded. 
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On the EL layer, an opposire electrode is formed ro serve as an anode. A lightr 

transmissive conductive film for formfug the anode is obtained by sputtering, which 

damages the EL layer enough to cause a problem. A method of forming rhe anode 

without damaging the EL layer is demanded. 

5 The present invention has been made to meer those demands and an object 

of the present invention is therefore to provide a thin film forming apparatus that 

is most desirable in forming an EL element of upward emission type. Another objec( 

of the present invention is to provide a method of manufacturing a highly reliable 

light emitting device by using the thin film forming device. An electric apparatus 

10 that uses as its display unit a light emitting device obtained by the present invention 

is also included in the present invention. 

The main purpon of the present invention is to manufacture a light: emir.ting 

device by using a m.utct .. chamber type (also called a cluster tool type) or in~line type 

thin film forming apparatus integrating means for patterning a pixel electrode 

15 (cathode). means for forming a thin film of an EL materialt and means for forming 

an opposite electrode (anode), which are required in forming an upward emission 

type EL element. 

According to the present invention, the pixel electrode of the EL element is 

formed by evaporation and patterned into a desired pattern using a metal mask. 

20 When the evaporation is made using a metal mask of fine mask parcem, higher 

accuracy is required in positioning the metal mask with respect to a TFT substrate. 

Furthermore, ~tis important that the distance between the TFT substrate and the 

metal mask is shorrer. 

The present invention therefore place~ a CCD (charge coupled device) known 

25 as an image sensor in a film forming chamber for forming the pixel electrode. Using 
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the CCD, !he metal mask is positioned with respec! LO the TFT subs!ra.re with high 

accuracy and the distance between rhe mask and the substrate is set to a minimum. 

A pixel elecrrode having a fine pattern thus can be formed by evaporation. 

When a surface of a metal film that forms the pixel electrode is oxidized, an 

5 oxide film is formed co render the pixel electrode insulating. Therefot"e an EL layer 

is formed without ex.posing.Jhe TFT substrate to the air after the pixd electrode is 

formed. The EL layer is fonned in ;acuum, for an EL material forming the EL layer 

is also weak against oxygen. 

On the EL layer, an opposite electrode is formed from a lighc~transmissive 

10 conductive film but the EL layer could be damaged when the opposite layer is 

formed. The present invention solves chis problem by fom1ing as a passivation film 

a metal thin film having a high transmittance on the EL layer. 

Then the opposite electrode serving as an anode is formed on the passivation 

film that covers the EL layer. De::iirably, the passivation film and the opposite 

15 electrodes are also formed without being exposed ro environment that contains 

moisture and oxygen. It is therefore desirable for the means of forming che 

passivation film and the opposite electrode to be mounted to the same _thin film 

forming apparatus. 

The present invention meets the above demands with a multi-chamber type 

20 thin film forming apparatus and involves a technique for manufacturing a highly 

reliable light emitting device by using the thin film forming apparatus. 

BRIEF DESCRIPTION OF THE ORA WINGS 

Fig. 1 is a diagram showing the scruccure of a thin film fom1ing apparatus 
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according to Embodiment 1; 

Fig. 2 is a diagram showing the structure of a thin film fom1ing apparacus 

according to Embodiment 2; 

Fig. 3 is a diagram showing the snucture of a rhin film forming apparatus 

5 according to Embodiment 3; 

Figs. 4A and 4B ~re diagrams showing the strucrure of a thin film forming 

apparatus according to Embodiment 4i 

Figs. SA to SF are diagrams showing a process of manufacturing an active 

matrix light emitting device of Embodiment 6; 

10 Figs. 6A to 6F are diagrams showing a process of manufaccuring an active 

matrix light emitting device of Embodiment 7; 

Figs. 7 A to 7D are diagrams showing element structures in a l~ght emitting 

device of Embodiment l; and 

Figs. 8A to SH are diagrams showing examples of electric apparatuses of 

15 Embodiment 9. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Modes for carrying out the present invention will be described in decail 

through Embodiments below. 

[Embodiment l] 

20 · A thin film forming apparatus according ro the present invention will be 

described with reference to Fig. I. Shown in Fig. 1 is an apparatus for 

manufacturing a light emia:ing deVl.ce to the point that an EL element composed of: 
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a pixel electrode {cathode); an auxiliary electrode; an EL layer that includes a light 

emitting layer; a first passivation film; and an opposite electrode (anode) is formed 

on a TFT substrate, a second passivation film is formed on the EL element, and a 

sealing structure is completed. 

5 In Fig. l, reference numeral 101 denotes a loading chamber for bringing in or 

sending out a subs.trace. The loading chamber is also called a load lock chambc:r. 

A carrier 102 in which substrates are set is arranged in the loading chamber. The 

loading chamber 10 l may be divided into a space for bringing a substrate in and a 

space for sending a substrate out. 

10 Denoted by 103 is a frrst transferring chamber that includes a mechanism 105 

for transferring a substrate 104 (hereinafter referred to as _a first transferring 

mechanism). A robot arm for handling a substrate is a kind of the first transferring 

mechanism 105. Reference numeral 106a indicates a gate. 

The first transferring chamber 103 is connected to a plurality of film forming 

15 chambers (denoced by 107 co 109) through gates 106b to 106d, and is connected to 

a processing chamber (a sealing chamber) 110 for sealing processing thr.ough a gate 

I06e. A gate 106f connecrs the first transferring chamber 103 co . .a second 

transferring chamber 111, which is connected to a third transferring chamber 112 

through a gate 106g. The third transferring chamber 112 has a second transferring 

20 mechanism 113. 

The third transferring chamber 112 is connected to a plurality of film forming 

chambers l 15 .. 119 for forming EL layers through gates 106h to 1061. These plural 

film forming chambers are called EL layer forming chambers 114 in this 

specification. 

25 In the structure of Fig. 1, the film forming chambers, the transferring 
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chambers, and the processing chamber are completely shut off co one another by the 

gates 106a to 1061. Therefore each chamber has an airtighr space. The interior of 

the chambers is set to reduced pressure to obtain a vacuum atmosphere. 

Specifically, the pressure in the chambers is kept reduced at 1 x 10·6 to 1 x 10-s 

5 Torr. 

The vac'!!um stare can be maintained by providing the film forming chamfa~_rs.; . 

the transferring chambers. and t:he processing chamber with vacuum pumps. Usable 

vacuum pumps include an oil rotary pump, a mechanical booster pump, a 

turbomolecular pump, and a cryo pump. Of chose pumps, a cryo pump is preferred 

10 because it is effective in removing moisture. 

The chamber denoted by 107 is a metal material evaporation chamber for 

depositing a metal material by evaporation. There are two employable evaporation 

methods: one is to use resistive heating (resistivity evaporation method: RE method) 

and the orher is to use electron beams (electron beam method: EB method). In this 

15 embodiment:, a case of employing the RE method for evaporation will be explained. 

A pixel electrode electrically connected to a TFT on a substrate is thus fom1ed in 

the metal material evaporation chamber 107. The pixel electrode formed in this 

embodiment is a cathode. 

This means that the pixel electrode has to be formed from a meral element 

20 that is suitable to fonn a cathode, namely, a metal element high in reflectance and 

low in sheet resistance. This embodiment uses aluminum bur other marerials such 

as chromium. or ITO that is an alloy of tin oxide and indium oxide may be used 

instead. 

Yb that is a transition metal is also a material suitable for the pL'<el electrode 

25 (cathode) because a material having a small work function is preferred as che 
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macerial of the pixel electrode. The pixel electrode may be formed by evaporation 

or sputtering. In this embodimem, evaporation is used to form the pixel electrode. 

When evaporation is made in the metal material evaporacion chamber 107, an 

evaporation source (sample boat:) has co be provided in the chamber. A plurality 

5 of evaporation sources may be provided. 

Sinfe the pixel electrode in this embodiment serves as a cathode, the . .pixel 

electrode has co be formed individually for each pixel that constitutes one EL 

element. However, aluminum or titanium easily forms an oxide film by its nature 

and patterning by photolii:hography is not suitable for an aluminum or titanium 

10 pixel eleci:rode. Then this embodiment employs evaporation using a metal mask in 

the metal material evaporation chamber 107 to fonn a finely structured pixel 

electrode. 

The metal material evaporation chamber 107 upon formation of the pixel 

electrode is set to a vacuum state, specifically, to l x 10·6 to I x 10'5 Torr and is kepc 

15 to that state during film forming processing. The gate 106b is closed during the film 

forming processing to completely shut the evaporation chamber to the first 

transferring chamber 103, so that the pressure in the evaporation cl:_l.amber is 

controlled. 

When a pbcel .. site selective film formation is carried our using a metal mask 

20 and the metal mask has a fine pattern of about 10 to 100 µ.m, high accuracy is 

required in positioning the mask with respect to a TFT substrate. 

For char reason, the present inve.ntion provides the metal material evaporacion 

chamber 107 with a CCD as an alignment function for the positioning. Through 

the CCD, alignment marks respectively marked on the TFT substrate and the mecal 

25 mask in advance are observed and positioning is made by moving a srage in the x 
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axis direction, the y ax:is direction, and the e rotation Jirection such thar i:ht: 

alignment marks coincide with each other. The stage ~ such is called an Xp y ,e 

stage in this specification. 

Then an auxiliary electrode is formed from a metal material on the pixel 

5 electrode in the metal material evaporation chamber 107. A material havtng a 

smal!_ work function is usually used for the cathode, but t:h.is embodim~nt employs 

a material having a large work function such as Al for the cathode material. In 

order to reduce the work function of the cathode, the auxiliary dectrode is fom1ed 

on the pixel electrode. Formation of the auxiliary electrode also requires the use of 

10 the CCD in positioningt similar 1:0 the formation of the pixel electrode. 

A metal material suitable for the auxiliary electrode is: a Group l element in 

the periodic table of long period elements, such as lithium, sodium, potassium, and 

cesium; a Group Z element such as magnesium; or an oxide or fluoride of those 

elements. Being insulating, the oxide or fluoride is preferably formed thick to a 

15 degree that a tunnel current is generated, specifi.callyt to a thickness of about 0.5 m 

2 run. 

An organic m.eral film such as lithium acetylacetonate (Liacac) can also be 

used as the auxiliary electrode material. The film is conductive and hence causes 

no problem in cenns of resistivity when it is formed to have a thickness of about 5 

20 nm. 

The cathode is composed of a laminate of the pbcel electrode and rhe auxiliary 

electrode as described above, ro thereby adjust the work function of i:he cathode to 

25to4.0. 

Therefore a sample boat of a metal material for forming the pixel electrode and 

25 · a sample boat of a metal material for forming the auxiliary electrode have to be 
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placed in the metal material evaporation chamber 107. 

EL layers are formed next in the EL layer forming chambers 114 described i.n 

rhe above. In the EL layer forming chambers, a laminate including a hole injection 

layer, a hole transporting layer, a hole blocking layer, an electron transporting layer, 

5 and an electron injection layer in addition to a light emitting layer can also be 

formed. In this embodiment, organic materials for forming a holt>. iri_jection layer, 

a hole transporting layer, a hole blocking layer, an electron transporting layer, and 

an electron injection layer, as well as a luminous material for forming a light 

emitting layer, are called EL materials. Here, the EL materials also include known 

10 metal complexes such as a eris (8..quinolinolace) aluminum complex (hereinafter 

referred to as AlCIJ), a bis (benzoquinolinolate) beryllium complex (hereinafter 

referred to as BeBq2}, and a tris (2~phenylpyrid.ine) iridium. complex (hereinafter 

referred to as Ir(ppy) 3). 

The film forming chambers of the EL layer forming chambers l 14 respectively 

15 have on their side faces windows (102a to 102e) as means of c.1bserving how EL 

material deposition is going from the outside of t~e apparatus. The materials in the 

middle of deposition can be observed through the windows. This makes it possible 

to check whether the film formation is carried out normally. Each of the film 

forming chambers can have a plurality of evaporation sources so that a plurality of 

20 layers are fomied in one film forming chamber. Speciflcally, it is preferable to set l 

th.tough 8 different evaporation sources in each chamber. 

The description given in this emb6diment is of a case where a low moleculai: 

weight compound is used as the luminous material. A luminous material composed 

of a low molecular weight compound is preferably deposired by evaporation. and 

· 25 evaporation devices are therefore provided in the EL layer forming chambers 114. 

11 



. .. - ... ... - ---- - ..... - -__ ... - ... - .... - - - --

In this embodiment, other layers chat constitute rhe EL layer i:han rhe light emitting 

layer are also formed bv evaporation. 

This embodiment describes a case in which a red light emitting EL layer (reJ 

EL layer), a green light emitting EL layer (green EL layer), and a blue lighr emitting 

5 EL layer (blue EL layer) are formed by evaporation in different film forming 

chambers. 

The third transferring chamber 112 is connected to a red EL layer forming 

chamber 115 chrough the gate 106h, to a green EL layer forming chamber 116 

i:hrough the gate 106i, and ma blue EL layer forming chamber 117 through the gate 

10 106j. These EL layer forming chambers each have to be provided wich a plurality 

of sample boats for storing different: EL materials in order to fo:rm a laminate. 

Specifically, it is preferable to place 1 chrough 8 different sample boats in each 

chamber. 

The red EL layer is formed first in the red EL layer forming chamber 115 of Fig. 

15 1. In rhis embodiment, an electron transporting layer, a light emitting layer. and a 

hole transporting layer are formed in the red EL layer forrning chamber 115. 

First:, Alq, is deposited as the electron transporting layer co a thickp.ess of 20 

nm by evaporacion. The light emitting layer is formed next. In this embodimem, 

a low molecular weight red light emitting material is formed into a film by using a 

20 metal mask. The metal mask used is capable of selectively forming red light 

emitting layers at positions where red EL layers are to be formed (a metal mask for 

red). The red light emitting material used to obtain red light emission is Al<u doped 

with DCM .. 1. The rhickness of the light emitting layer formed here is preferably l 0 

to 100 nm. In this embodiment, the light emitting layer is formed to have a 

25 rhickness of 20 nm. The thickness of the- light emitting layer may be adjusted 
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suitably if necessary. 

On the red light emitting layer, the hole transporting layer is formed of o:-NPD 

by evaporation. The thickness of the hole transporting layer is preferably 20 to 80 

nm. The hole transporting layer in this embodiment has a chickness of 40 nm ro 

5 complete a laminate structure for the EL layer. The red EL layer is [hus formed in 

the manner described above 

The green EL layer is formed next in the green EL layer forming chamber 116 

of Fig. 1. Here. a material similar to the one used in forming the red EL layer is used 

to form an electron transporting layer, and a hole blocking layer is then formed from 

IO BCP. The thickness of the hole blocking layer is 20 nm. 

Next, a green light emitting layer is formed. Used here is a metal mask capable 

of selectively forming green light emitting layers at positions where gre~n EL layers 

are to be formed (a metal mask for green). The green light emitting material used 

to obtain green light emission is CBP and Ir(ppy) 3, which are deposited by co-

15 evaporation. The thickness of the light emitting layer formed here is preferably l 0 

to 100 nm. In chis embodiment, the light emitting layer is formed ro have a 

thickness of 20 nm. The thickness of t:he light emitting layer may b~ adjusr.ed 

suitably if necessary. 

· On the green light emitting layer, a hole transporting layer is fom1ed from a 

20 material similar to the one used in fanning the red EL layer, thereby completing the 

green EL layer. 

Formed next in the blue EL layer fanning chamber ll 7 of Fig. 1 is the blue EL 

layer. In this embodiment, an electron transporting layer is formed from a material 

similar to the one used in forming the red EL layer. 

25 A blue light emitting layer is formed next. Used here is a metal mask capable 
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of selectively forming blue light emitting layers at positions where blue EL layers arc 

to be formed (a metal mask for blue). The blue light emitting material used to 

obtain blue light emission is DPVBi chat is a disryryl derivative and is deposited by 

evaporation. The thickness of the light emitting layer form.ed here is preferably 1 O 

5 to 100 run. In this embodiment, the light emitting layer is formed to hav~ a 

thickness of 20 nm. The thickness of the light emitting layer may be adjusted 

suitably if necessaxy. 

On rhe blue light emitting layer, a hole transponing layer is formed from a 

material similar to the one used in forming the red EL layer, thereby completing the 

10 blue EL layer. 

Through the above steps, EL elements respectively having red. green, and blue 

EL layers are obtained. Element structures of the EL elements fonned in accordance 

with this embodiment are shown in Figs. 7 A to 7D. Fig. 7 A shows the basic elem~nc 

structure. Fig. 7B shows specific materials used to form the EL element having i:he 

15 red EL layer, Fig. 7C shows specific materials used to foml che EL elem.em having 

the green EL layer. and Fig. 7D shows specific materials used to form the EL element 

having the blue EL layer. However, the present invention i.s not limited ro rh~se 

structures. For instance, the AlQJ + DCM1 1 layer in the element: of Fig. 7B may be 

replaced bv a layer of other materials. or completely erased so that the light emitting 

20 layer consists of a single layer of Al<l:J. 

Since luminous materials are extremely weak against moisture, the pressure in 

the EL layer forming chambers 114. has to be sec such chat a vacuum stare is 

maintained during forming the EL layers. The vacuum state in rhe fom1ing 

chambers is controlled by using the gates 106h to 106j m completely shut down 

25 communication between the forii1ing chambers and the common chamber 112 

14 



except when the substrate is brought in and sent out of th~ forming cham.bers. The 

pressure during fanning the EL layers has to be se[ to 1 x lQ- 6 ro 1 x 10-s Torr. 

Luminous materials that can be used in the presem invemion are not limited 

m c~e ones given in the above but known materials can be used alone or in 

5 combination. It is also possible to use organic compounds that emir light ucili:::ing 

triplet excitation energy (referred to as triplet compounds in this specification) in 

combination with usual luminous materials. 

The third transferring chamber 112 is connected to a spare chamber l (118) 

through the gate I06k1 and to a spare chamber 2 (119) through the gate 1061. The 

10 spare chambers may be used as EL layer forming chambers for fon11ing EL layers of 

other colors than red, green, and blue, or as film forming chambers for forming EL 

materials into films by a method other than evaporation. 

The EL layers shown in this embodiment have a laminate structure consisting 

of a hole transporting layer, a light emitting layer, and an electron transporting 

15 layer. However, one or more of a hole injection layer, an electron injection layer, 

and a hole blocking layer may be added to this laminate structure. Alternatively. 

an EL layer may be composed solely of a light emitting layer. 

After each EL layer is formed, the TIT substrate is transferred back to the 

metal material evaporation chamber 107. In order to prevent damage to the EL 

20 layer when an anode is fonned on the EL layer, a first passivation film is formed by 

evaporation through resistive heating and is placed between the EL layer and th~ 

anode. 

The material of the first passivation film used in this embodiment has to be a 

metal material having high transmittance, for light generated in the EL layer is 

25 emitted coward the first passivation film. Furthermore, the material is required. to 
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have a large work function because the first passivation film in chis e~bodiment is 

formed on che anode side when viewed from the EL layer. 

The metal material for forming the first passivation film is specifically a 

conductive film that transmits a visible ray at a transmittance of 70 to 100% and has 

5 a work function of 4.5 to 5.5. A metal film is often opaque to a visible ray, and 

hence the thickness of the film is set co 0.5 to 20 nm (preferably lO co 15 nm). The 

metal material used in this embodiment is preferably gold, silver, or platinum. The 

metal material for forming the first passivation film is also put in a sample boat in 

the metal material evaporation chamber. 

10 The chamber denoted by 108 is a film forming chamber for forming a film by 

sputtering and is called a sputtering chamber. In this embodiment:, an opposite 

electrode to serve as the anode is formed by sputtering. Usually, evaporation or 

sputtering is employed to form the opposite electrode. This embodiment chooses 

sputtering since the EL materials that have been used to form the EL layers have a 

15 heat resistance of about 100°C. 

The interior of the film forming chamber .during film formation is ser m an 

argon atmosphere with oxygen added thereto. This makes it p()ssible to control 

oxygen concentration in rhe A.Im formed, thereby obtaining a low resistive film with 

high transmittance. The chamber 108 is shut to the first transferring chamber 103 

20 through the gate 106c. 

Similar to the EL layer forming chambers, the sputtering chamber 108 has on 

its side face a window 121 as means through which rhe film being formed can be 

observed from the outside of the apparatus. How rhe filn1 fom1ation is going can be 

observed through the window 121. This makes it possible to check whether che film. 

25 formation is carried omnormally. 
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The opposite electrode (anode) is formed from a lighc-rransmissive conductive 

film that is low in resistivity and high in transmittance. A film k)w in resistivicy 

means a film that has a sheet resistance of 50 Q;o or le~s. A light-transmissive 

conductive film high in transmittance means a film having 70% or high1;:r 

5 transmittance. Specifically, ITO thar is an alloy of indium oxide and tin oxide, an 

alloy of indium oxide and zinc oxide, IDIXO, and the like are used. 

The sputtering chamber 108 may be set to a vacuum state by setting the 

pressure to 1 x 10·6 to 1x10'5 Torr, as in other film forming chambers. However, 

the film is founed under a pressure of l :x l 0·3 to 5 x 10·2 Torr. During the film. 

10 formation processing, the chamber 108 is completely shut to the fir.st transferring 

chamber 103 by the gate 106c to control the prel!isure in the chamber 108. 

Next, the chamber connected to the firsr transferring chamber 103 through 

the gate 106d is a film forming chamber for forming a film by plasma CVD 

(chemical vapor deposition) and is called a CVD chamber. In this embodiment, a 

15 diamond .. like carbon film (hereinafter referred to as DLC film) serving as a second 

passivation film is formed by CVD on the EL element that has been t1nished up 

through the formation of the opposite electrode. 

In order to improve adhesion between the opposite electrode formed of ITO 

and the second passivation film focmed of DL~ an insulating film such as a silicon 

20 oxide film, a silicon nitride film, or a sili<;on film is formed in che CVD chamber 109 

before forming the second passivation film. 

In this embodiment, the DLC film formed so as to cover rhe EL element is an 

amorphous film with diamond bonds (sp3 bonds) and graphite bonds (sp! bonds) 

mixed therein. The DLC (diamond-like carbon) film exhibirs a Raman spectrum 

25 distribution that has an asymmetric peak around 1550 cnf1 and a shoulder around 
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1300 cm· 1
, and has a hardness of 15 to 25 OPa when measured by a micro hardn~ss 

·tester. The DLC film has attributes similar to those of diamond, such as a great 

hardness, chemical inermess, transparency to light r~nging from. a visible ray to an 

infrared ray, and high electric resistance. The name is derived from [his similarity. 

5 Having the above attribures and a dense structure, the DLC film does not transmir 

oxygen or moisture and hence ts suitable as a protective film. 

A dense DLC film can be formed by applying a negative self~bias vokage ro th!:! 

electrode and then depositing a material gas that is accelerated by the negative self. 

bias voltage on rhe anode of the EL element. The material gas may be hydrocarbon. 

10 for example, saturated hydrocarbon such as methane, ethane, propane, and butane, 

unsaturated hydrocarbon such as ethylene, or the gas may be aromatics such as 

benzene and toluene. It is also possible to use hydrocarbon halide in which on~ or 

more hydrocarbon molecules are substituted by halogen elen1ents such as F, CL, and 

Br. 

15 The sealing chamber 110 is connected to the first transferring chamber 103 

through the gate_ 106e. In the se~ling chamber 110, the final processing of enclosing 

the EL element: in an airtight space is conducted. Specifically, the EL dem~nt 

formed on the TFT substrate is mechanically enclosed using a seal material (also 

called a housing member), or is enclosed using a thermally curable resin or a ..... :::-

20 photosensitive resin. 

Glass, ceramics, or a metal can be used as the seal material. However, the seal 

material has to be lighc .. transmissive when light is emitted toward the seal material. 

The ~eal material is bonded to the substrate on which all of the above processing has 

been conducted using a theml.ally curable resin or a photosensitive resin, which is 

25 cured by hear-treatment or ultraviolet light irradiation treatment to form an airrighc 
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space. A drying agent such as barium· oxide may be plact:d in this airt:ighc spac~. 

Alternatively, a th~rmally curable resin or a photosensitive resin alone can 

enclose the EL elem.enc without using the seal material. In this case, a i:hemially 

curable resin or a photosensitive resin is provided so as to cover ~t lease side faces 

5 of the substrate on which all of the above processing has been conducted, and is 

then cured. This prevenrs moisture from entering the EL element from-the film 

interface. 

The above processing including exhaustion, transferring, film formation, and 

others may be carried out by fully automatic computer concrol using a rouch panel 

10 or a sequencer. 

The thin film forming apparatus structured as above is best characterized in 

that the pixel electrode can be formed by evaporation on i:he TFT substrate with 

high accuracy owing to the positioning function utilizing the CCD, and that the first 

passivation film is formed on the EL layer to prevent damage to the EL layer when 

15 sputtering is used to fonn the anode on the EL layer. 

The present invention is also characterized in that: the film forming chambers 

for forming thin films to be formed on the TFf substrate are all mounted tO the 

mulri~chamber cype thin film forming apparatus. Accordingly, the EL element can 

be formed without being exposed to the outside air even once since the step of 

20 forming the pixel electrode on the TFT substrate through the step of forming the 

opposite electrode. 

As a result, the invencion can manufacture with simple measures a light 

emitting device having an EL element that emits light from an EL layer toward chc 

opposite side of a TFT substrate, namely, an EL element of upward emission 

25 type. 

l9 
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[Embodiment 2] 

This embodiment shows a case of modifying a part of the thin filnl formincr 
I:> 

appar~tus of Fig. 1. The explanation is given with reference to Fig. 2. To be 

5 specific, the modification consists of providing a vacuum exhaust processing 

chamber 201 between the first transferring chamber 103 and an EL layer fomi.ing 

chamber 203 so that proce~sing is made under normal pressure (acmosphertc 

pressure) only in the EL layer forming chamber. As co explanations of the other 

parts than the modified part, see Embodiment 1. Although the apparatus shown 

10 here has only one EL layer forming chamber, a plurality of EL layer forming 

chambers may be provided if necessary. 

The case shown in Embodiment 1 is of setting the imerior throughout the thin 

film forming apparatus to a vacuum state to form an EL layer in vacuum. However, 

if a high molecular weight (polymer} material is used to form an EL layer, the layer 

15 is formed in a chamber filled with inert gas under nonnal pressure, and the pressure 

difference between the EL layer forming chamber and che rest of the tli.in film 

forming apparacus has to be overcome in order to transfer a substrate into the EL 

layer forming chamber 203. 

Therefore, in this embodiment, the pressure in the vacuum exhaust processing 

20 chamber 201 is reduced first to the same level of pressure as the first transferring 

chamber 103, and the gate 106d is opened in this stace to bring che substrate in. 

Afrer che gace 106d is closed, the vacuum exhaust processing chamber 20 l is purged 

with inert gas until the pressure in the chamber 201 i:-etums to normal pressure. 

Then a gate 202 is opened to transfer rhe substrate into the EL layer forming 

25 chamber 203. The substrate may be brought into rhe chamber while being placed 
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on a stage or by means Jedicaced to this cransfer. 

After the EL layer forming seep is completed, the gate 202 is opened to transfer 

the substrate back to the vacuum exhaust processing chamber 201, and vacuum 

exhaustion is conducted while the gate 202 and the gate l 06d are dosed. When the 

5 pressure in the vacuum exhaust processing chamber 201 is reduced in this way to 

the same level of reduced pressure as the first transferring charob~r 103, the gate 

106d is opened to send the substrate to the first transferring chamber 103. 

With the above structure, the substrate can be handled in vacuum in all of che 

chambers except the EL layer forming chamber 203. 

10 [Embodiment 3 J 

This embodiment describes a case of applying the present invention co an in~ 

line rype chin film forming apparatus. The description is given with reference to Fig. 

3. Basically, the apparatus of this embodiment is obtained by modifying che multi­

chamber type chin flhn forming apparatus of Fig. l into an in .. line: type apparams. 

15 Therefore see Embodiment 1 for explanations of processing chambers. 

In Fig. 3, reference symbol 301 denotes a loading chamber for bringtng a TFT 

substrate in. A carrier 302 is set in the loading chamber 301. The loading chamber 

301 is connected to a first o:ansfening chamber 304 through a gate 303. The first 

transferring chamber 304 is provided with a first transferring mechanism 305. TI1e 

20 first transferring chamber 304 is connected to a metal material evaporation chamber 

307 through a gate J061 and to an EL layer forming chamber 309 through a gace 

308. 

A pixel electrode is formed in the metal material evaporation c'1amber 307 

_ and an EL layer is formed in the EL layer forming chamber 309. A TFT substrate 
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on which the pixel electrode and the EL layer are fom1ed is brought to a second 

transferring chamber 31 L which is connected to the chamber 304 through a gate 

310. The second transferring chamber 311 is connected to a third transferring 

chamber 313 through a gate 312. The third transferring chamber 313 is provided 

5 with a second transferring mechanism 314, which brings the subsmue out of the 

third transferring chamber 313. 

The third transferring chamber 313 is connected to a sputtering chamber 316 

through a gate 315, and to a CVD chamber 318 through a gate 317. An opposite 

electrode is formed on the substrate in the sputtering chamber 316 and che substrate 

10 then receives processing in the CVD chamber 318. Thereafrer, the substrate is 

brought into a fourth transferring chamber 320, which is connected to the chamber 

J 13 through a gate 319. 

In the CVD chamber 318, a diamond-like carbon 6.lm (hereinafter referred to 

as DLC film) is formed on an EL element that has been finished up through 

15 formation of the opposite electrode in the sputtering chamber 316. In order ro 

improve adhesion between the opposite electrode and the DLC film, a~ insulating 

film containing silicon, such as a silicon oxide film or a silicon nitride film is formed 

on the opposite electrode in this embodiment before the DLC film is formed. 

The fourth transferring chamber 320 is connected to a fifth transferring 

20 chamber 322 through a gate 321. The fifth transferring chamber 322 is provided 

with a third transferring mechanism 323, which brings che substrate out of the 

founh transferring chamber 320. The fifth transferring chamber 322 is connected 

to a sealing chamber 325 through a gate 324, and roan unloading chamber 327 

through a gate 3 26. 
-

-15 In this embodiment, the TFT substrate on which the DLC tllm as a protec~ive 

22 



V"1.' VVf V.L ......... .._ ... v. -V ,A .. .lo..O~ -v- I VY _...,...,.._ 
- .... ..., ..... - ............ .._ ...... ..._ ........... 

film of the EL elemenr is formed is sealed using a seal or the like in rhe sealing 

chamber 325. 

The fifth transferring chamber 3 22 is con:necced to the unloading chamber 3 2 7 

for rransferring out the substrate through the gate 326. A carrier 328 is sec in the 

5 unloading chamber 3 2 7. The carrier 3 28 stores TFT substrates rha t have undergone 

all of processing conducted by t:he thin film fonning appararns. 

As described above, the thin film forming apparatus shown in this embodiment 

is an in .. line type apparatus in which a plurality of film forming chambers and a 

sealing chamber are connected to conduct a successive processing up through 

10 enclosing of an EL element. 

[Embodiment 4] · 

This embodiment shows another case of applying the present invention to an 

in .. line type thin film forming apparatus. The apparacus of this embodiment is 

different from the one shown in Fig. 3 in that all processing chambers are connecred 

15 in series and n? transferring ~hamber is provided between adjacent processing 

chambers. The description is given with reference to Figs. 4A and 4B .. Basically. 

rhe apparatus of this embodiment is obtained by modifying the multirchamber type 

thin film forming apparatus of Fig. 1 into an in-line cype apparatus. Therefore see 

Embodiment l for explanations of the processing chambers. 

20 In Fig. 4A, reference symbol 401 denotes a loading chamber for bringing a 

TFT substrate in. A carrier 402 is set in the loading chamber 401. The loading 

chamber 401 is connected co a metal material evaporation chamber l ( 404) through 

a gate 403 1 and to a metal material evaporation chamber 2 (406) through a gate 

405. 
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A pi.xel electrode is formed in the metal material evaporation chambt:!:r 1 ( 404) 

and an auxiliary electrode is formed in the metal material evaporation chamber 2 

(406). A TIT substrate on which i:he pixel electrode and the auxiliacyelectrode are 

formed is then moved to EL layer forming chambers. Connected co the mernl 

5 material evaporation chamber 2 (406) through a gate 407 i:; a green EL layer 

forming chamber 408, which is coP.nected through a gai:e 409 to a red EL layer 

forming chamber410, which is connected to a blue EL layer forming appararus 412 

through a gate 411. The green EL layer fotming chamber 408, the red EL layer 

forming chamber 410, and che blue EL layer forming chamber 412 are generically 

10 called EL layer forming chambers in this embodiment. 

The blue EL layer forming chamber 412 is connected through a gate 413 m a 

me cal material.evaporation chamber 3 ( 414), which is connected through a gate 415 

to a sputtering chamber 416. which is connected to a CVD chamber 418 through 

a gate 417. In Fig. 4A, only a part of the gate 413 connected to the EL layer 

15 forming chamber 412 is shown due co lack of space but the gate 413 is actually 

connected to the metal material evaporation chambe"t" 3 ( 414) in linear series. 

After che processing in the CVD chamber 418 is finished, the substrate is 

processed in a sealing chamber 420 chat is connected to the chamber 418 through 

a gate 419. Then the substrate is brought into an unloading chamber 422 that is 

20 connected to the chamber 420 through a gate 421, and is stored in a carrier 423 in 

the chamber 422. 

Fig. 4B shows a sectional strucnire of the apparatus shown in Fig. 4A. Since 

no- transferring chamber nor transferring mechanism is provided between the film 

forming chambers or the processing chambers in this embodiment, th~ TFT 

25 substrace is moved from one chamber to another chamber while being set on a stage 

Z4 

~v-v 



424. The symbols used in Fig. 4B are the same as those in Fig. 4A so chat they are 

cross, referred. 

According tO the thin film forming apparacus shown in chis embodiment, a 

plur~lity of film forming chambers and a sealing chamber are connecced to conduct 

5 a successive processing up through enclosing of an EL element with high 

throughput. 

[Embodiment 5 J 

In the examples given in Embodiments 1 through 4, the plural processing 

chambers include a metal evaporation chamber. an EL layer foml.ing chamber, a 

10 sputtering chamber, a CYD chamber, and a sealing chamber. However, the presem 

invention is not limited co this combination. Two or more sputtering chambers may 

be provided and plural other film forming chambers may be provided if necessary. 

It is also effective co form as a last passivation film an insulating film, preferably 

an insulating film containing silicon, or a DLC film after an EL element is sealed so 

15 as co cover the EL element as shown in Embodimenc 4. A desirable insulating film 

containing silicon is a silicon nitride film or a silicon nitride oxide film whose oxygen 

content is small. 

As described above, che combination of the plural processing chambers is not 

limited in the present invention, and what kind of functions the processing 

20 chambers to have can be set at one's discretion. For explanarions of these 

processing chambers, see Embodiment 1. 

[Embodiment 6] 

This embodiment shows a case in which a thin film forming apparar.us 
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according ro rhe ptesent invention is used to manufacture an active .matrix light 

emitting device. The description will be given with reference co Figs. SA to SF. The 

description in this embo<lim.ent is made taking as an example the apparatus 

explained in Embodiment l. Accordingly, see explanations in Embodiment l for 

5 details of rhe film formation conducted in the. respective fl.Im fom1ing chambers. 

As shown in Fig. SA, .IF.Ts 502 are formed first on a glass substrate 501. The 

TFf s 502 of pixels 503 can be fabricated by a known TFT fabricarion method. Of 

course, che TFTs 502 may either be top gate TFTs or bottom gace TFTs. 

A TFT substrate shown in Fig. 5A is set in the carrier 102, which is placed in 

10 che loading chamber 101 of the thin film forming apparatus shown in Fig. 1. 

The first transferring mechanism 105 ttam,fers the TFT substrate ro the metal 

material evaporation chamber 107 1 where pixel electrodes 504 are formed. In rhis 

embodiment, a metal mask is positioned with respect to the TFT substrate using a 

CCD provided in the film forming chamber that is exhausted into a vacuum state, 

15 and a film mainly containing aluminum is used to form the pixel electrodes ;04. 

The pixel decrrodes 504 function as reflective ~lectrodes because light generated 

from an EL elemenc is emitted toward the opposite side of the TFT. substrate 

(upwatd in Fig. SA) in this embodiment. Accordingly. a mat~rial having higher 

reflectance is prefecred fot the pixel electrodes. 

20 In this way, the pixels 503 having the TFTs 502 and the pLxel electrodes 

(cathodes) 504 are arraI'leoaed in matrix as shown in Fig. SB. The TFTs 502 control 

the amount of current flowing into the pixel electrodes 504. 

In the metal material evaporation chamber 107, a metal m.ask is positioned 

with respect to che TFT substrate using the CCD provided in the chamber, similar 

25 to the formation of the pixel electrodes 504. Thereafter, auxiliary elt.'Ctrodes 505 
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are selectively formed on the pixel electrodes 504 by evaporation. The material 

used here for the auxiliary electrodes is lithium acerylacetonate (Liacac). 

After the state· of Fig. SC is obt:ained, the first transferring mechanism 105 

transfers the TFT substrate to the second transferring chamber l l l. The second 

5 transferring mechanism 1 l3 sends the T.FT substrate m the t:hird transferring 

chamber 112 and then_tQ_ the red EL layer forming chamber 115, where red light 

emitting layers are formed by evaporation using a metal mask. 

Next, the second transferdng mechanism 113 sends the TFT substrate to che 

green EL layer forming chamber 1161 where green light emitting layers are formed 

IO by evaporation using a metal mask. 

The second transferring mechanism 113 then sends the TFT substrate to the:: 

blue EL layer forming chamber 117, where blue light emitting layers are formed by 

evaporation using a metal mask. The red, green, and blue light emitting layers are 

formed through the above steps. In this embodiment, each EL layer 506 consists of 

15 a single layer of light emitting layer (Fig. SD). 

After the state of Fig. 5D is obtained, the TFT substrate is sent back co the 

metal material evaporation chamber 107 to form a first passivation film 5.07 from a 

metal film having a large work function by evaporation. In this embodiment, a gold 

(Au) film with a thickness of 5 nm is formed (Fig. SE). 

20 The TFT substrate on which the first passivation film 507 is formed is 

transferred from the metal material evaporation chamber 107 to the sputtering 

chamber 108 by the first transferring mechanism lOS. In the :;puttering chamber. 

an opposite electrode is formed on the first passivation film 507 from a lighc~ 

rransmissive conductive film containing a compound of indium oxide and ti~ oxide 

25 (the compound is called ITO) or a compound of indium oxide and zinc oxide. 
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An opposite electrode (anode) 508 in chis en1bodiment is formed from a 

compound in which 10 ro 15% of zinc oxide is mixed with indium oxide. The srare 

of Fig. 5F is thus obcained. 

Tht:reafrer, the first transfetring mechanism 105 cakes the TFT substrate 1.m 

5 which che opposite electrode 508 is formed out of che sputtering chamber 108 and 

sends it to the CVP._chamber 109. A second passivation film (not shown) may be 

formed in che CVD chamber by plasma CYD from an insulating material containing 

silicon, such as silicon nitride or silicon oxide, if necessary. 

The TFT substrate on which the second passivation film is formed is 

10 transferred from the CVD chamber 109 to the sealing chamber 110 by the first 

transferring mechanism 105. In the sealing chamber, sealing is made using a seal 

material such as a glass substrate and a plastic substrate. 

Shown in chis embodiment is a case in which a thin film forming apparatus of 

the present invention is used to manufacture an active macri.°'c light emitting devic~. 

15 However, the apparatus of i:he present invention can also be used to manufacture 

a passive matrL"< light emitting device. The structure of this embodiment may be 

obtained by any chin film forming apparatus of Embodiments 1 chrough 5. 

[Embodiment 7] 

This embodiment shows another case in which a thin film forming apparatus 

ZO according to the present invention is used to manufacture an active matrix lighc 

emitting device. The description will be given with reference co Figs. 6A to 6F. The 

description in this embodiment is rnade taking as an example me apparatus 

explained in Embodiment 2. Accordingly, see explanations in Embodiment 1 for 

details of che film formation conducted in the respective film forming chambers. 
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As shown in Fig. 6A, TFTs 602 are formed on a glass substrate 60 l. Although 

a glass substrate is employed in this e'mbodiment, any marerial can be used for the 

substrate. The TFTs 602 can be fabricated by a known TFT fabdcation method. 

Of course, the TFTs 602 may either be cop gate TFTs or bottom gate TFTs. 

5 A TFT subsuate shown in F~g. 6A is set in che carrier 102, which is placed in 

the loading ch~~ber 101 of the thin film forming apparatus shown in Fig. 2. 

The transferring mechanism 105 transfers che TFT subsrrace to the m.etal 

material evaporation chamber 107, where pixel electrodes (cathodes) 604 are 

formed. The pixel electrodes 604 are formed from a film mainly containing 

10 aluminum. The pixel electrodes 604 function as reflective electrodes because light: 

generated ftom an EL element is emitted toward the opposite side of the TFT 

substrate (upward in Fig. 6A) ·in chis embodiment. Accordingly, an aluminum (Al) 

film with a thickness of 60 nm is used as a material having high reflectance. 

In this way, pixels 603 having the TFTs 602 and the pixel electrodes 

15 (cathodes) 604 are arranged in matrix as shown in Ftg. 6B. The TFTs 602 control 

the amount of current flowing into the pixel electrodes 604. 

In the metal material evaporation chamber 107, a metal mask is positioned 

with respect co che TFT substrate using a CCD provided in the chamber, similar to 

the formation of the pixel electrodes 604. Thereafter, auxiliary electrodes 605 are 

2.0 :selectively form.ed on the pixel electrodes 604 by evaporation. The material used 

in chis embodiment for the auxiliary electrodes is lithium fluoride (LiF). which is 

formed into a film 0.5 nm in thickness. 

After the stare of Fig. 6C is obtained, the TFT substrate is transferred to th~ 

vacuum exhaust' processing chamber 201 and then the gate l06d is closed. The 

25 pressure in the vacuum exhaust processing chamber 201 is changed to normal 
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pressure (atmospheric pressure}. Then the gate 202 is opened ro bring the substrat~ 

into the EL layer forming chamber 203, where a solutkm containing a. high 

molecular weight EL material is applied to the substrate by spin c(.)ating. In this 

embodiment, a hole injection layer with a thickness of 30nm is formed first from an 

5 aqueous solution obtained by dissolving PEDOT that is a polythiophene derivative 

in water. N~:xt, a solution with polyphenylene vinylene (PPV) dissolved in 

dichloromethane is applied to fonn a film having a thickness of 80 nm. Other 

combinations of high molecular weight EL materials and organic solvents may nf 

course be employed (Fig. 6D). 

10 Once EL layers 606 are formed, the TFT substrate is sent back to the vacuum 

exhausr processing chamber 201. The gate 202 is closed and then the vacuum 

exhaust processing chamber 201 is sec to a vacuum state. When che pressute i.n the 

vacuum exhaust processing chamber 201 reaches the same level of pressure as the 

first transferring chamber, the gate 106d is opened and the cransferring mechanism 

15 105 takes out the TFT substrate. 

20 

After the stare of Fig. 6D is obtained, rhe TIT substrate is sent back to the 

metal material evaporarlon chamber 107 to form a fJ.rst passivation film 607 from a 

metal film having a small work function by evaporation. In this embodiment, gold 

(Au) is used to form the first passivation film (Fig. 6E). 

The TFf substrate on which the first passivation film 607 is formed is 

transferred from the metal material evaporation chamber 107 to the sputtering 

chamber 108 by the transferring mechanism 105. In the sputtering chamber 108, 

an opposite electrode 608 is formed on the first passivation film 607 from a light­

cransmissive conductive film concaining a coin pound of indium oxide and tin oxide 

25 (the compound is called ITO) or a compound of indium oxide and zinc oxide..-
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An opposite electrode (anode) 608 in this embodimenr is formed from a 

compound in which 10 to 15% of zinc oxide is mixed with indium oxide. The state 

of Fig. 6F is thus obcained. 

Thereafter, i:he transfemng mechanism 105 takes the TFT subsi:rat:e on which 

5 the opposite electrode 608. is formed out of the spurtering chamber l 08 and sends 

it t:o th~_CVD chamber 109. A second passivation film (not shown) n1ay be formed 

in the CVD chamber by plasma CVD from an insulating macerial containing silicon, 

such as silicon nitride or silicon oxide, if necessary. 

The TFT substrate on which the second passivation film is formed is 

10 transferred from the CVD chamber 109 to the sealing chamber 110 by the 

transferring mechanism 105. In che sealing chamber, sealing is made using a seal 

material such as a glass substrate and a plastic substrate. 

Shown in this embodiment: is a case in which a thin film forming apparatus of 

the present invention is used to manufacture an active matrix light emitting device. 

15 However, the apparatus of the pi:esent invention can also be used co manufacture 

a passive matrix light emitting device. The str~ccure of t:his embodiment may be 

obtained by any chin film fonning apparatus ofEmbodimems l rhrough 5. 

[Embodiment 8] 

This embodiment describes a method of forming a metal mask rhac is used m 

20 form a pixel electrode in a film forming appararus according co che presenr 

invention. 

One of techniques for forming a metal mask is an etching method in which a 

resisc on a metal plate such as a stainless steel plate is patterned and etching is made 

with an appropriate t!cchant from both sides. However, forming 100 µ.m-spacing 
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patterns on a 100 µm thick stainless steel substrate is the farthest the method can 

afford. 

Accordingly, a metal mask used in the present invention is one form~d by 

electrotyping. To be specific, a resist is formed ro a thicknt:ss of 25 co 50 µ,m on an 

5 eleccrodeposit meral t~at serves as a case. Thereafrer, a pattern is burnt onm che 

res~.t~ing a negative pattern film. The pattern is developed to fom1 a pacremed 

resist. 

On the patterned resist, a metal thin film is grown to a chickness of about 10 

µm by electroless plating. The resist is then removed and che metal chin film is 

10 taken out of the case. A metal mask having a fine paccern is thus formed. 

When the metal mask is used to fonn a film, the distance between the metal 

mask and a TFT substrate has to be kept small. The present invention therefore 

em.ploys a magnet set in a stage on which rhe TFT substrate is placed, so chat the 

mecal mask is held close to the TFT substrate by magnetic force. Th.is can prevent: 

15 a defective pattem due to bending or shift of the meral mask. 

For that reason, stainless steel, nickel, or chromium is preferably used for the 

metal mask formed in accordance with the present invention. By using_.the metal 

mask formed as above, an evaporation pattern of 10 µm or less spacing can he 

formed on the TFT substrate. The structure of this embodiment may be combined 

20 freely with any of the structures of Embodiments l through 5. 

[Embodiment 9] 

The light .. emitting display device of the present invention, is a self light 

emitting type, therefore compared to a liquid crystal display device, it has ex.cellem 

visible properties and is broad in an angle of vi.sibilicy. Accordingly1 the light-
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emitting display device can be applied to a display portion in various electronic 

devices. 

As other electronic equipments of the present invemion there are: a viden 

camera; a digital camera; a goggle t:ype display (head mounted display}; a car 

5 navigation system; a_ sound reproduction device (a car audio stereo and an audio set: 

~P.:4 so forth); a notebook type personal computer1 a game appai:-atus; a portable 

information terminal (such as a mobile computer, a portable tdt!phone, a portable 

game machine, or an electronic book} i and an image playback device equipped with 

a recording medium (specifically, device provided with a display portion which plays 

10 back images in a recording medium such as a digital versatile disk player (DVD), 

and displays the images). In particular, in the case of the portable information 

terminal, use of the- light emitting device having an EL element is preferable, since 

the portable information terminal that is likely robe viewed from a tilted direction 

is often required to have a wide viewing angle. Specific examples of chose 

15 electronic equipments are shown in Figs. 8A-.SH. 

Fig. 8A shows a display devic:e containing a casing 2001, a support stand 2002. 

and a display portion 2003, the speaker portion 2004 and rhe video input terminal 

2005. The light·emitting device of the presenr invention can be: used as the displ~y 

portion 2003. Such a light .. emitting device having an EL elemenc is a self light 

20 emitting type so that a back light is not necessary. Thus, the display portion can b~ 

made thinner than that of a liquid crystal display. Further the light,emitting device 

is inclu~ing all infomiation display device such as for n personal computer, for a TV 

broadcasting and for an advertisement. 

Fig. SB shows a digital still camera, and contains a main hody 2101, a display 

Z 5 porrion 2102, an image receiving portion 2103, -operation keys 2 ro4, an exremal 
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connection port 2105, and shutter 2106. The light-emitting device of rhe presenr 

invention can be used as the di.splay portion 2102. 

Fig. BC shows a note rype personal computer, and conrnins a main body 2201, 

a casing 2202, a display portion 2203, a keyboard 2204. an exrernal connection port 

5 2205 and a pointing mouse 2206. The light,emitting device of the present 

·- __ invention can be used as the display portion 2203. 

Fig. BD shows a mobile computer, and contains a main body 2301, a display 

portion 2302, a switch 2303, an operation key 2304 and infrared port 2305. The 

light-emitting device of the present invention can be used as the display portion 

10 2302. 

Fig. BE is an ~:ge playback device equipped with a recording medium 

(specifically, a DVD playback device), and comains a main body 2401, a casing 

2402, a display ponion (A) 2403, a display portion (B) 2404. a recQrding medium 

(such as a DVD and so forth) read portion 2405, operation keys 2406, a speaker 

15 portion 2407. The display portion (A) 2403 is mainly used for displaying image 

information. The display portion (B) 2404 is mainly used for displaying character 

infom1ation. The electronic device and the driving method of the presenr invention 

can be used as rhe display portion {A) 2403 and as the display pon:ion (B) 2404. 

Note that: the image playback device equipped with the recording ni.edium includes 

20 devices such as domestic game machines. 

Fig. 8F shows a goggle type display device (a head mounted display device), 

and contains a main body 2501, a display ponion 2502, and an arm portion 2503. 

The light-emitting device of the present invention can be used as the display ponion 

2502. 

25 Fig. 80 is a video camera, and contains a main body 2601, a display portion 
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2602, a casing 2603, an exremal connection port 2604, a remote control receiving 

portion 2605, an image receiving portion 2606, a battery 2607, a sound input 

portion 2608, an operation key 2609 and an eyepiece portion 26 lO. The lighr­

emit~ing device of the present invention can be used as the display portion 2602. 

5 Fig. BH shows a portable telephone, and contains a main body 2. 70 l, a casing 

2702, a display portion 2703, a sound input portion 2704, a sound output portion 

2705, operation keys 2706, an extemalconnect.ionport 2707 and an antenna 2708. 

The light emitting device of the present invention can be used as the display porrion 

2703. Note that by displaying white color characters in a black color background, 

10 the display portion 2703 can suppress the power consumption of the portable 

telephone. 

Note that if the luminance of organic material increases in the future, then it 

will become possible to use che light emitting device of the present invention in a 

front type or a rear cype projector by expanding and projecting light containing 

15 output image information with a lens or the like. 

Further, the above electronic devices display often informacion rransmitted 

through an electronic communication circuit such as the Inrern<:c and CA TV (cable 

1V), and particularly situations of displaying moving images is increasing. The 

response speed of organic materials is so high chat the light·emitting device of the 

20 present invention are good for display of moving image. 

In addition. since the light emitting device consumes power in che lighi: 

emitting ponion, it is therefore preferable co use che iighc emirring device for 

displaying information so as to make the light emitting portions as few as possible. 

Consequently, when using the light emitting device in a di.splay portion mainly for 

25 character information, such as in a portable information cemi.ina.l. in particular a 

35 



___ __j _____________________ -=--~-------- ---
......... - ........... .., .. -- - ., - ..... - - ---

cellular phone or a sound reproduction system, ic is preferable co Jrive so as to form 

character information by che lighc emitting portions while non,light emicting 

portions are set as background. 

As described above, the application range of this invention is extremely wide, 

5 and it m8.y be used for· electric devices in various fields. Furrher, the electronic 

device of this embodimem can be used the manufactured light·emiu:ing device to 

the display portion by implementing the present invention. 

In fonning a pbcel electrode of an EL element, a positioning function is given 

to a film forming chamber to make it possible to form a film of fine pattern by 

10 evaporation using a metal mask. A first passivation film having a high 

transmittance is formed after an EL layer is formed w prev~nt damage co the EL 

layer from sputtering that is employed to form an opposite electrode. The problems 

accompanying manufacture of a light emitting device having an upward emission 

type element thus can be solved. The processing is conducted by a multi~chamber 

15 type or in~line type integrated apparatus, whereby the EL element is formed of an 

EL material without being exposed co the air. A~cordingly, a light emitting device 

using an EL material can be greatly improved in reliability. 
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1. A thin film forming apparatus comprising; 

a first film forming chamber for forming a first conduc[ive film by vacuurn 

evaporation using a firsc mask into a first pattern; 

a second film forming chamber for forming a second conductive fi.lm by 

vacuum evaporation using a second mask into a second pattern; 

a third film forming chamber for forming an organic film by vacuum 

evaporation using a third mask into a third pattern; 

a fourth film forming chamber forfonning a light transmissive conductive 

wherein each of che fust through fourth film forming chambers is 

connected to a transferring chamber, 

wherein the transferring chamber has transf~rring means for transferring 

a substrate. 

15 2. A thin film forming apparatus comprising: 

20 

a first film fonning chamber for fonning a first conductive film by vacuum 

evaporation using a first mask into a first pattern; 

a second film forming chamber for forming a second conductive film by 

vacuum evaporation using a second mask into a second pattern; 

a third film forming chamber for forming an organic film by vacuum 

evaporation m;ing a third mask inro a third pattern; 

a founh film forming chamber for forming a light transmissive conductiv~ 

film by sputtering, 
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wherein each of che first through fourth film forming chambers is 

separated by a gate, 

wherein the first through fourth film forming chambers are connecreJ in 

series. 

5 3. An apparacus according to claim 1, 

10 

wherein a plurality of third film forming chambers are provided so that 

a different organic film is formed in each of the plurality of third thin film forming 

chambers. 

4. An apparatus according to claim 1, 

wherein -each of the first film forming chamber and the second film 

forming chamber has a positioning function using a CCD and an x, Y ,e stage. 

5. An apparatus according to claim 1, 

wherein the second conductive film comprises an dem~nt selected from 

Group 1 or 2 in the periodic table. 

15 6. A method of manufacturing a light emitt~$ device, said method comprising 

the steps of: 

forming a first conductive film by vacuum evaporat~on; 

forming a second conductive film on the first conductive film by vacuum 

evaporation; 

20 forming an organic film on the second conductive film by vacuum 

evaporation; 
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forming a passivation film on the organic film by vacuum evaporarion: 

and 

forming a lighc transmissive conductive film on i:he passivation film hy 

spuctering, 

wherein each of the tlrst conductive fllm, the second conductive film, 

and the organic A.Im is formed into a pattern using a mask. 

7. A method of manufacturing a light emitting device, said method comprising 

the steps of. 

forming a first conductive film by vacuum evaporationi 

forming a sec_ond conductive film on the first conductive fllm by vacuum 

evaporation; 

forming an organic film on the second conductive film by vacuum 

evaporation; 

sputtering, 

forming a passivation film on the organic film by vacuum evaporai:ion; 

forming a light transmissive conductive film on the passivation film by 

wherein rhe A.rst conductive film, the second conductive film, the organic 

film, the passivation film and che light transmissive conductive filn1 are successively 

formed under a reduced pressure. 

20 8. A method according to claim 6, 

wherein the second conductive film con1prises an element selected from 

Group 1 or 2 in the periodic table. 
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9. A method according t<? claim 6, 

wherein the passivation film comprises a tl"l.etal element having a 

t:ransmitrance of 70% or more and a work function of 4.5 co 5.5. 

lO. A method according to claim 6, 

wherein the light transmissive conductive film comprises a metal material 

having a sheet resiscance of 50 CJD or less and a transmittance of 7o<'ki or more. 

11. A light emitting device comprising: 

at least a rhin film transistor OV'er a substrate; 

a first conductive film formed over rhe thin film transistor; 

a second conductive film in contact with the first conductive film; 

an organic film in contact with the second conductive film; 

a passivation film in contact with the organic film; 

a light transmissive conductive film in contact with the passivation film. 

12. A device according to claim 11, 

wherein the second conductive film comprises an element selected from 

Gcoup 1or2 in the periodic table. 

13. A device according to claim l L 

wherein the organic film includes an electron transporting layer, a light 

emitting layer, and a hole transporting layer. 

20 14. A device according to claim 13, 
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wherein the electron transporting layer comprises Al~. the li?:ht emitting 

layer comprises AlQJ and DCM~ l, and the hole cransporting_ layer com.prises of a.· 

NPD. 

15. A device according to claim 11, 

wherein-the passivation film comprises a metal element having a 

transmittance of 70% or more and a work function of 4.5 to 5.5. 

16. A device according to claim 15, 

wherein the passivadon film comprises at lease one selected from the 

group consisting of gold, silver and platinum. 

10 · 17. A device according to claim 11, 

wherein the light transmissive conductive film comprises a metal material 

having a sheet resistance of 50 Q/D or less and a transmittance of 70% or more. 

18. A device according co claim 11, 

wherein rhe light emitting device is one selected from a display device, 

15 a digital still camera, a notebook computer, a mobile computer, a portable image 

reproducing device equipped with a recording medium, a goggle type display, a vi.dco 

camera, and a cellular phone. 

19. An apparatus according to claini 1, 

wherein each of t:he first, second and third masks is a metal mask. 

20 20. An apparatus according to claim Z, 
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wherein a plurality of third film forming chan"\bers are provided so that 

a different organic film is formed in each of the plurality of third thin film forming 

chambers. 

21. An apparatus according to claim 2, 

wherein each of the first film forming chamber and the second filrr-.-··-­

forming chamber has a positioning function using a CCD and an X~ Y ~a srage. 

22. An apparatus according to claim 2, 

wherein the second conductive film comprises an dement selected from 

Group l or 2 in the periodic table. 

10 23. An apparatus according to claim 2, 

15 

wherein each of the first, second and third masks is a metal mask. 

24. A method according to claim 61 

wherein the mask is a metal mask. 

25. A method according to claim 71 

wherein me second conductive 6.lm comprises an element selected from 

Group 1 or 2 in the periodic table. 

26. A method according to claim 7, 

wherein the p~ssivation film comprises a metal element having a 

transmittance of 70% or more and a work function of 4.5 to 5.5. 
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wherein the light transmissive conductive film comprises a metal material 

having a sheet resistance of 50 O!D o~ less and a cransmitmnce of 70% or mort!. 
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