"SPECI FI CATI ON Title of the Invention Method And Device For
Producing Organic EL Elenents Field of Technology This invention rel ates
to a device for producing organic electrolum nescent elenents (organic EL
el ements) and, nore particularly, to a nethod for vaporizing an organic EL
material for the vacuum deposition of a thin organic fil mm

organic EL elenment and to sapdevilce If ora sdi @ anet hod. Backg mwmmmwmmmrogy
An organic EL elenment is generally constructed of thin organigglgyers such
as a hole transport layer, a light-emitting |ayer and an el ectron

transpaitle|ldydre Imentdnged bet ween an anode and a cat hode respectively
conposed of a transparent electrically conductive filmand emts |ight
when a hole injected into the light- emtting |ayer fromthe anode via the

hol e traNspBftAnd dipgiceulirt Bodurdag Arasni h Eadlenshct ron injected into the
light-emtting |ayer fromthe cathode via the electron transport |ayer.
The probl.em of a %arlatlon in the performance of EL elenents would arise

if the = | ms constituting the hole transport layer, |ight-
emtting |ayer and electron transport layer vary in thickness and
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mat eri al tor vapor deposition vaporizes rom t he vapori zati on source that
is heaP%ﬂnabébélﬁﬁ@tv@édpvzéwﬂéhfP%ﬁﬁé#a@@?@ of the material and deposits
as solid on the surface of a filmformng substrate to forma thin film
As for the nmethod of heating the vaporization source, indirect heating and
di rect B2 . 0 ing are known; according to the latter method, an
electric current is passed through a netallic container (a netallic boat)

of relat IA\rlletl)IygdnlcgEL elh-:emcet{llgaglenerally constructed of thin organic layers such as a
hole transport layer, a light-emitting layer and an electron transport layer
arranged between an anode and a cathode respectively composed of a transparent
electrically conductive film and emits light when a hole injected into the light-
emitting layer from the anode via the hole transport layer unites again with an
electron injected into the light-emitting layer from the cathode via the electron
transport layer. The problem of a variation in the performance of EL elements would
arise if the organic thin films constituting the hole transport layer, light-
emitting layer and electron transport layer vary in thickness and composition from

lot to lot in vapor deposition due to an unstable rate of vaporization.

Vacuum deposition is known to be one of the techniques used for the production of
organic thin films for use in organic EL elements as described in JP2000-68055 A and
elsewhere. According to this technique, a material for vapor deposition vaporizes
from the vaporization source that is heated above the vaporization temperature of
the material and deposits as solid on the surface of a film—forming substrate to

form a thin film.

As for the method of heating the vaporization source, indirect heating and direct
resistance heating are known; according to the latter method, an electric current is
passed through a metallic container (a metallic boat) of relatively high electrical
resistance and the heat generated by resistance is utilized for heating as described

in Appl. Phys. Lett, 68 (16), 15 April 1996 and JP2000-68055 A.
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re5| stance and the heat generated by resistance is utilized for heating as
described” in Appl. Phys. Lett. 68 (16), 15 April 1996 and JP2000- 68055 A.
tn direct resistance heating, a container of high electrical resistance
fabricated froma thin plate of a netallic material of high nmelting point
such as tungsten, tantal um and nol ybdenumis generally used. For uniform
heating of the whole container, the contai ner should be fabricat ed in such
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the current density Is tenperature would locally rise
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the temperature would locally rise excessively to cause not only vaporization of the
material in excess of the specified amount but also thermal decomposition of the
material in the regions where the current density is high, possibly changing the

quality of the organic thin film to be formed.

When a material is fed to & crucible-shaped container in mass production, a
method generally used for attaining uniform heating of the container is not the
aforementioned -direct resistance heating but indirect heating from a separately
installed resistance heater. However, this type of indirect heating is poor in heat
response and the amount of vaporization becomes difficult to control. That is, when
the temperature is below the target temperature, the material does not vaporize in a
sufficient amount and the film formed becomes thinner than specified. On the other
hand, when the temperature is allowed to exceed the target temperature, not only the
film formed becomes too thick but also the organic material undergoes thermal
decomposition leading to a change in quality of the organic thin film. Moreover, the
time required for the temperature to rise from the start of heating to the target
temperature at which stable production of the organic thin film starts is longer in
indirect heating than in direct heating and loss in time and raw material is

incurred in the meantime. At any rate, it is necessary to devise a procedure for



"sufficient amount and the filmformed beconmes thinner than specified. On
the other’ hand, when the tenperature is allowed to exceed the target
tenperature, not only the filmformed becones too thick but also the
organi ¢ material undergoes thermal deconposition leading to a change in
quality of the organic thin film Mreover, the time required for the
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procedure for 2 prevention of vapor deposition on the substrate by the use
of a shutter and the like wuntil the rate of vaporization stabilizes and
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I nvention This invention provides a device which can heat a raw materi al
for vapor deposition uniformy and rapidly with good heat response and
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Furthermore, in vapor deposition wherein an organic material for organic EL

elements in a container is vaporized and deposited on a film~forming substrate to

form a thin film, this invention relates to a device for vapor deposition to form a

thin film for organic EL elements which comprises the aforementioned container
constructed of a material capable of generating heat by electromagnetic induction

and a means for heating the aforementioned container by electromagnetic induction to

vaporize the aforementioned organic material.

Still further, this invention relates to a device for vapor deposition to form a
thin film for organic EL elements which comprises a container charged with a mixture
of an organic material and a filling up structure (or filler) at léast partly made
of a material capable of generating heat by electromagnetic induction and a means
for heating the aforementioned filling up structure by electromagnetic induction to
vaporize said organic material and to a method for producing organic EL elements
which comprises vaporizing the organic material by the use of said device. In this
case, it is also preferable that the container is at least partly constructed of a

material capable of generating heat by electromagnetic induction

Brief Description of the Drawings




'vaporl ze the aforenentioned organic material. Still further, this invention
relates to a device for vapor deposition to forma thin filmfor organic
EL el ements which conprises a container charged with a m xture of an
organic material and a filling up structure (or filler) at |least partly
made of a material capable of generating heat by el ectromagnetic induction
and a means for heating the aforenmentioned filling up structure by
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of thed@rtaw hysl. 3 Fig. 1is a schematic cross section of a device for vapor
deposition to forma thin filmfor organic EL elenents. Fig. 2 is a
perspectlve view of a fi II|n ~structure (filler) and Fig. 3 is a

per speb&¥aterred; ahodimens sfqf Lructure of another kind. Preferred
Enbodi ments of the Inventl on The device of this invention for vapor
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substrate hol der 7 for hol di ng the substrate 6 on which vapor deposition

takes pl %g'de-\lf_hcee ?&aggcﬁl{lm ]rlei)ési&%plsInr lﬂﬁ'a[ e.:1(1~f|orementioned example is placed in the

chamber 1 which can be evacuated and is equipped with the container 2 for

introducing the organic material 5, the coil 3 arranged around the container 2, the
power supply device 4 connected to the coil 3 and the substrate holder 7 for holding
the substrate 6 on which vapor deposition takes place. The chamber 1 is constructed
in such a manner as to allow evacuation by a vacuum pump and introduction and

withdrawal of the organic material and the substrate.

The container 2 may be shaped normally like a crucible or shaped simply like a
cylinder, but it is preferably shaped like a crucible or a modification thereof.
Moreover, one of the preferable shapes is the one called cell or Knudsen Cell, In
case the container has a large diameter, it is allowable to provide inside the
container filling up structure that c'an be heated by electromagnetic induction. As
an example such a material is a wall that can be heated by induction. Although there
is no specific restriction on the shape of the container 2, the coﬁtainer should
desirably be constructed in a shape that allows rapid and uniform heating of the

organic material to be introduced.

In case the container 2 itself is made to function as heat generator, it is
constructed of a material which generates heat by electromagnetic induction or it

may be constructed of a combination of a heat-generating material and other



"in 'such a manner as to allow evacuati on by a vacuum punp and i ntroduction
and withdrawal of the organic material and the substrate. The container 2
may be shaped normally like a crucible or shaped sinply like a cylinder,
but it is preferably shaped like a crucible or a nodification thereof.

Mor eover, one of the preferable shapes is the one called cell or Knudsen
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formation of temperature gradient is to arrange a filling up structure that can be
heated by induction in the container and heat the filling up structure or the

filling up structure and the container directly by electromagnhetic induction.

In order to achieve uniform heating of the aforementioned filling up structure
itself by electromagnetic induction, it 1is important 1in designing to optimize
various factors such as the shape and thickness of the filling up structure, the
spacing of the filling up structure, the permeability and electrical conductivity of
the filling up structure material and the frequency of the alternating current to be
supplied. In view of this, it is advantageous to make a filling up structure in the
form of ’laminas arranged at intervals from a material that can be heated by
induction such as a wire netting or to make a large number of small cylinders from a
material such as wire netting and a piece of wire and place particles of the organic
material around, in the gaps or inside of the laminas or the cylinders. The filling
up structure may be a granule, a plate or a lump and not molded in the specified

shape.

Supposing a given organic material is used to form a light-emitting layer, the

material is often an organic metal complex and when the metal in a complex comes



"problemin respect to uniformtenperature control due to formation of a
tenperature gradient between the organic material in contact with the
container wall and the one away fromit. An effective way to avoid the
probl em of this kind and suppress the formation of tenperature gradient is
to arrange a filling up structure that can be heated by induction in the
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may surface of the container and the surface of the filling up structure inert to the
organic material being vaporized, Ferrous metals such as iron and iron alloys are
generally preferred as heat—generating materials and stainless steel, graphite and
magnetic ceramics such as titanium nitride can also be used from the viewpoint of
heat resistance and corrosion protection, A metal such as iron, when used as heat-
generating material, is often not inert to the vaporizing material and to oxygen gas
remaining in traces and, in such a case, it is advisable to use a material inert to
the organic material and gas in the inner layer (the surface of the area coming into

contact with the organic material)

Inert materials of this kind include metals such as noble metals and alloys,
heat-resistant resins such as fluoropolymers, polyimides and silicones, glasses such
as quartz glass, Pyrex, hard glass and enamel and ceramics such as alumina, silicon
nitride and porcelain. Preferable inert materials are metals, glasses such as
enamel, fluoropolymers and ceramics. Of the aforementioned materials, those which
lack strength or are difficult to form or costly can be applied as inner layer by
such means as vapor deposition or plating. Moreover, it is advantageous to use as
inner layer a maghetic ceramic material such as titanium nitride which is a heat-

generating material as well as an inert material. Still more, in place of a material



" corrode the nmetal of the device or deconpose by the catalytic action of the
netal to “cause contam nation of the organic nmaterial. As noted above, the
container 2 nmay be constructed either of one kind of netallic material or
a material of 2 layers or nore and the container itself does not need to
generate heat by el ectromagnetic induction as long as the filling up
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of any size can be dealt with by increasing the current input. The power supply
device 4 may have a controlling mechanism such as temperature controller for
maintaining the rate of temperature rise and the preset temperature within the
specified range. For this purpose, a thermocouple and the like may be installed in
the container. The power supply device 4 is connected to a commercial power source
and preferably performs the function of converting the commercial current to a high
frequency current and supplying it to the induction coil and, at the same time,
controls the supply of electric current in response to a signal from the

thermocouple and the like.

When an organic material is vaporized by sublimation in a boat-shaped container
and deposited on the substrate, the material vaporizes first from the center of the
boat and the temperature of the boat is raised to vaporize the material around the
center. In case the container is a cell, the material on the inner surface of the
cell vaporizes forming a gap there and the temperature of the cell is raised to
vaporize the material in the central part. It is the rate of vaporization or the
actual film thickness that is monitored during this time and this monitoring
procedure serves to control the power supply from the power supply device 4 and

secure a uniform film thickness.



"Thé coil 3 is provi ded for the purpose of heating the container 2 or the

filling up structure by induction and is placed around the container 2. An
alternating current is passed through the coil placed around the contai ner
to meke the container and the filling up structure generate heat. The

current to the coil 3 is supplied by the power supply device 4 and the
device 4 is connected to a comerci al power source and generates an
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The substrate holder 7 is placed in the chamber roughly right above the container

2 with the specified space left between them. The substrate 6 which constitutes an
EL element is attached to the substrate holder 7 and the vaporized organic material
is deposited on the surface of the substrate 6. As for the mechanism by which the
substrate holder 7 holds the substrate 6, any known means such as suction and click
can be adopted. If necessary, a cooling mechanism can be provided in the substrate
holder 7. The substrate 6 is not restricted in its size and even a substrate whose

length exceeds 500 mm may be used.

The method for vapor deposition by the use of the device of this invention will

be described next.

The organic material 6 is introduced in the specified amount to the container 2.
The substrate 6 on which several layers may already have been deposited by vapor
deposition and the like is attached to the substrate holder 7 with the surface for

deposition of film facing the container.

The device 1is then evacuated and heated to start vapor deposition. The



“actual filmthickness that is nonitored during this tinme and this

noni toring procedure serves to control the power supply fromthe power
supply device 4 and secure a uniformfilmthickness. 7 As noted above, an
organi ¢ EL el enent has organic thin films Such as a hole transport |ayer,
alight-emtting |layer and an electron transport |ayer between the anode
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above thgiganiginer 2 with the specified space |eft between them The
Substrate 6 which constitutes an EL element is attached to the Substrate
hol der 7 and the vaporized organic material is deposited on the Surface of
t he SuBsdmpdée 6. As for the nechani sm by which the Substrate holder 7

hol ds the Substrate 6, any known neans Such as Suction and click can. be
adopted. If necessary, a cooling mechanismcan be provided in the substrate
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Substrate whose |ength exceeds 500 mm may be used. The nethod for vapor

deposi tion by the use of the device of this invention wll
Example "1

The vapor deposition of tris(8-quinolinolato)aluminum (hereinafter referred to as

Alq3) was carried out in the device shown in Fig. 1.

A cylindrical crucible constructed of a carbon steel tube, 15 mm in inside
diameter and 25 mm in height, with its inner surface plated with molten aluminum was
used as container 2. An alternating current of 200 V and 60 Hz for electromagnetic
induction was supplied to the power supply device 4 equipped with a temperature

controller and converted to high frequency by the use of an inverter.

In the container 2 was introduced 1 g of Alg3, the container 2 was heated with
the temperature of the outer wall preset at 360 °C, the periphery of the chamber 1
was kept roughly at room temperature by contacting it with air of room temperature

and the chamber was evacuated to 5X107 Torr by a vacuum pump.

A glass plate, 100 mmX 100 mm, used as substrate 6 was placed approximately 350
mm above the container 2 and rotated. A monitor for film thickness was provided to
measure the film-forming rate. The substrate was covered by a shutter until the

film—forming rate measured by the monitor became constant, when the shutter was



"be described next. The organic material 6 is introduced in the specified
amount to the container 2. The substrate 6 on which several |ayers may

al ready have been deposited by vapor deposition and the like is attached
to the Substrate holder 7 with the surface for deposition of filmfacing
the container. The device is then evacuated and heated to start vapor
deposi tiened Thest8rit espperdapdsieiodf Subgycanéidenet pdvaneas bentvaped itaiolagaigart
sur roundi e, cont ai ner 9.s&l t .the organ teri roduces
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vapori zed nol ecul es. The tenperature of the vaporizing part is naintained
at  thexppeset tenperature by turning on and off the alternating current by
nmeans of a thernoneter and a tenperature controller or by utilizing
inverter control. The organic material introduced to the container
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Example 3

A crucible, 15 mm in inside diameter and 25 mm in height, constructed of ferrite-
based stainless steel in the upper 5 mm and of alumina-based ceramic in the lower 20
mm was used as container 2. A filling up structure constructed of 9 100-mesh wire
nettings arranged at intervals (20 mm in height and both sides of each netting
coming into contact with the inner wall of the container 2 when put in place) was
put in the container with its lower end reaching the bottom of the container, 0.3 g
of Algq3 was introduced to the container and vapor deposition was conducted under the
same conditions as in Example 1. The film thickness was measured after the operation
and good results were obtained as in Example 1. Fig., 3 is a perspective view of the
aforementioned filling up structure and shows the arrangement of the wire nettings
9.

Industrial Applicabhility

As described above, it is possible by this invention to obtain a deposited film
of good quality in high yield and productivity by heating a crucible-like container
capable of holding a large amount of raw material and a filling up structure by
electromagnetic induction uniformly and rapidly with good heat response and

temperature control. As a result, it is possible to produce high—quality organic EL

10



"the tenperature of the outer wall preset at 360 C, the periphery of the
chanber 1° was kept roughly at roomtenperature by contacting it with air
of roomtenperature and the chanber was evacuated to 5X 10-7 Torr by a
vacuum punp. A glass plate, 100 mm X 100 mm used as substrate 6 was pl aced
approximately 350 nm above the container 2 and rotated. A nonitor for film
t hi cknessenasspboyviidedstt giciaeasure the filmformng rate. The substrate was
covered by a shutter until the filmformng rate nmeasured by the nonitor
becanme constant, when the shutter was 9 renobved to start vapor deposition.
Supply of electric power was controlled to obtain a filmformng rate of
0.3 nnisec. An Alg3 filmwith a thickness of 50 nmwas obtained after
approximately 170 seconds. The filmthickness varied 5% over the whole
area and 1% in an area covering 50 mm X50 mm near the center. Example 2 A
crucible, 15 mmin inside dianeter and 25 mmin height, constructed of

al um na- based ceram c was used as container 2. Afilling up structure
consisting of a bundle of 7 slender tubes (4.8 mMmmin outside dianeter, 3.0
mmin inside dianeter and 25 inm in height) constructed of ferrite-based
stainl ess steel capable of generating heat by electromagnetic induction
was placed in the container 2, 0.3 g of Alg3 was introduced to the
cont ai ner and vapor deposition was conducted under the same conditions as
in Exanple 1. The filmthickness was neasured after the operation and good
results were obtained as in Exanple 1. Fig. 2 is a perspective view of the
af orenentioned filling up structure and shows the arrangenent of the tubes
8. Exanple 3 A crucible, 15 mmin inside diameter and 25 mmin hei ght,
constructed of ferrite- based stainless steel in the upper 5 nmm and of

al um na-based ceramic in the lower 20 nmwas used as container 2. A
filling up structure constructed of 9 100-nmesh wire nettings arranged at
intervals (20 mmin height and both sides of each netting comng into
contact with the inner wall of the container 2 when put in place) was put
in the container wwth its | ower end reaching the bottom of the contai ner,
0.3 g of Alg3 was introduced to the container and vapor deposition was
conduct ed under the
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"same conditions as in Exanple 1. The fil mthickness was neasured after the
operation” and good results were obtained as in Exanple 1. Fig. 3 is a
perspéctive view of the aforenentioned filling up structure and shows the
arrangenment of the wire nettings 9. Industrial Applicability As described
above, it is possible by this invention to obtain a deposited film of good
qual i t yhetnihictdimyd @kd and productivity by heating a crucible-like container
capabl e of holding a | arge amount of raw material and a filling up
structure by electromagnetic induction uniformy and rapidly with good
heat rébpdnse mand fenperatdepesicont sbhlthinAfila fesuhtorgarticiR plmsdtblwleicho
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electromagnetic induction to vaporize said organic material.

(3) A device for vapor deposition of thin film for an organic EL element as
described in claim 2 wherein at least the inner surface of the container is

constructed of a material inert to the organic material to be vaporized.

(4) A device for vapor deposition of thin film for an organic EL element as
described in claim 2 wherein at least the bottom and the side of the container is

constructed of a material capable of generating heat by electromagnetic induction.

(5) In a method for vapor deposition of thin film for an organic EL element which
comprises vaporizing an organic material for an EL element in a container and
depositing the vaporized organic material in thin film on the surface of a film-
forming substrate, a method for producing an organic EL element which compri;es
putting a filling up structure constructed at least partly of a material capable of
generating heat by electromagnetic induction in the container to which said organic
material is introduced and heating directly said filling up structure by

electromagnetic induction to vaporize said organic material.

(6) In vapor deposition of thin film for an organic EL element which comprises
vaporizing an organic material for an EL element in a container and depositing the

vaporized organic material in thin film on the surface of a film-forming substrate,
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"constructed of a material inert to the organic material to be vaporized.
(4) A device for vapor deposition of thin filmfor an organic EL el enent as
described in claim2 wherein at |east the bottomand the side of the
container is constructed of a material capable of generating heat by
el ectromagnetic induction. (5) In a nethod for vapor deposition of thin
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or gani 8lechEamagnesfc |1%dulchltoﬁot@utf@el“éﬂcfdh‘éaﬁdngc fittesttlly said filling up
structure by electromagnetic induction to vaporize said organic material.
(6) In éagor depFS|t|on of thin filmfor an organic EL el enment which
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constructed at least partly of a material capable of generating heat by
electrggagnetlc induction and a neans of heating said filling up structure
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deposition of thin filmfor an organic EL el enent as described in claim?2
wherein the organic material is introduced to the container together with
a filling up structure constructed at least partly of a material capable
of generating heat by el ectromagnetic induction. 13
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