NOZZLE SOURCE FOR THERMAL EVAPORATI ON PROCESS BACKGROUND OF THE | NVENTI ON
5 1. Field of the Invention The present invention relates to a nozzle
source for a thermal evaporation process, and nore particularly, to an
evaporation source for use in a thermal evaporation process for
manuf act uri ng sem conduct or devices, flat panel display devices and the

i ke, wherein when 10 a naterial in the source is deposited on a substrate
during the thermal evaporation process, the .evaporated material can be
uniformy deposited on the substrate and heat can be uniforn applied to
the material wthi NO:?TCIr%gpM%CEE R SHERMAL EXMWQOV??Q& sent
invention relates to a conically-di sposed nozzle source for a thernal
evaporati on process, wherein the uniformty of the thickness of a materi al
| ayer 15 deposited on a substrate, particularly, upon manufacture of a

| arge substrate can be inprqued., i of a material can be
pregented from bei ng rapidb§&§g€$é2§gg8@fﬁtékﬁﬂgﬁai the use rate of the
materi gl can be increased. 2. Description of the Related Art 20 A ther mal
evaporation process is a process w dely used for nmanufacturing
senicondud&dgdd@ﬁﬂwdgymﬁmat panel display devices and the like. To coat a
substrate with hemcal material for use | uf act uri sem conduct or
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process is generally perfor in a vacuum to cohfro deposi tion
rate and emsporgedfrfaieciabenn bapaithiyciepodiredsmche substige red heay epobeatnifommly

process, a st ipportant part is.an aporation source for evaporating
t he cheni égﬁ?er?‘;t?é#?lgﬁteﬂ _%@H{lfiﬁﬂmfhﬁ%oﬁéfgﬂnﬁ‘. The source conprises a 30
cruci bl e, a heapctgdinglyt ihe Prexdit idvenEHE FilAes BRI dohiRAlly-disposed nozzle source for

a thermal evaporation process, wherein the uniformity of the thickness of a material layer
15  deposited on a substrate, particularly, upon manufacture of a large substrate can be improved,
the deposition rate of a material can be prevented from being rapidly decreased with time, and

the use rate of the material can be increased.

2. Description of the Related Art

20 A thermal evaporation process is a process widely used for manufacturing
semiconductor devices, flat panel display devices and the like. To coat a substrate with a
chemical material for use in manufacturing semiconductor devices and flat panel display
devices, a crucible containing the chemical material is heated so that the chemical material can
be evaporated from the surface thereof and the evaporated material can be then deposited on
25  the subsirate placed above the crucible, thereby making a thin layer of the chemical material
* on the substrate. At this time, the thermal evaporation process is generally performed in a

~ vacuum vessel to control a deposition rate and ensure efficient deposition.
In such a thermal evaporation process, a most important part is an evaporation source
for evaporating the chemical material by heating the material. The source comprises a

30  crucible, a heating portion and an opening portion. -



1 Such evaporation sources include point evaporation sources, |inear
evaporation sources, and the like. Anong them point evaporation sources
have been nost wi dely used. A typical structure of a point evaporation
source is shown in FIG 1. As shown in the figure, an opening portion 2
that narrows in the formof a gourd bottle and then flares is 5 provided
at an upper portion of a cylindrical crucible 1 with a closed | ower end
that can contain a chemical material, a heating portion 3 for heating the
crucible 1 is installed around the crucible 1, and a nozzle portion 4 is
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to enlarge the screens of TVs and improve productivity, particularly, in case of flat panel
display devices, there is a need for a deposition apparatus capable of supporting manufacture
of large substrates. To construct a deposition apparatus for manufacturing large substrates, a
variety of technical problems should be solved. Among the problems, it is a most important

20  problem to develop an evaporation source for use in manufacturing large substrates.
In a case where a point evaporation source is used for manufacturing a large substtate,
fhe point evaporation source should be spaced apart by about 1 m from a substrate, e.g., a
substrate with a size of 370 x 470 mm, in order to perform deposition on the substrate while
maintaining the uniformity of the thickness of a thin film in a tolerance range of 5 % or less.
25  Therefore, there are problems in that the size of a deposition apparatus is increased and the

~use rate of a material is greatly lowered.

To solve the problems, methods of placing the substrate 5 to be inclined with respect
- to the center of the source or rotating the substrate 5 as shown in FIG. 2 have been employed.
However, the methods have not yet considerably solved the problems of the conventional

30 point evaporation source.



To solve the problens, nethods of placing the substrate 5 to be inclined
wth respect to the center of the source or rotating the substrate 5 as
shown in FIG 2 have been enpl oyed. However, the nethods have not yet
consi derably sol ved the problens of the conventional 30 point evaporation
source. 2 Further, in the case where the point evaporation source is used
for manufacturing the |arge substrate, the crucible 1 for containing the
chem cal material should be enlarged in order to increase the capacity
thereof. If the_size of the crucible 1 is increased, heat cannot be well
transferred to Huiksriindhe e where hedioind sYapaestion peprceqs useddomppudaciusingithe
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substrate can be inproved, the deposition rate of a material can be

pr event ed orshewdthsifrrguenslyi fillegl inedhesrgghieni th time, and the use rate of the
materi,gl can be increased. A nozzle source of the present invention
conprises an insertion portion in which 20 nozzles for determning
evaporation directions of a SINMARY ORTBEINVENIBObNi cally arranged; a
crucible that is in the formof a cylinder with an opened upper end and
formed with a catching step by which the insertion portion can be caught

at the upper enghdpreiReinvemsdnik @oncRivell kd RRNthe PiobRASE IARSIIBAGS tHRSredeHC bl €
to heat the crucible; a reflecting plate disposed around
invention is to provide a nozzle source for a thermal evaporation process, wherein the
15  uniformity of the thickness of a material layer deposited on a substrate, particularly, upon
manufacture of a large substrate can be improved, the deposition rate of a material can be
prevented from being rapidly decreased with time, and the use rate of the material can be
increased.
A nozzle source of the present invention comprises an insertion portion in which
20 nozzles for determining evaporation directions of a chemical material are conically arranged;
a crucible that is in the form of a cylinder with an opened upper end and formed with a
catching step by which ﬁe insertion portion can be caught at the upper end of the crucible; a
filament disposed around the crucible to heat the crucible; a reflecting plate disposed around

the filament to minimize heat loss; and a heat conducting portion inserted into the crucible to

25  transfer he_at from the filament to the interior of the crucible.
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention will

30  become apparent from the following description of preferred embodiments given in



the filanent to mnimze heat |oss; and a heat conducting portion inserted
into the crucible to 25 transfer heat fromthe filanment to the interior of
t he cruci ble. BRI EF DESCRI PTI ON OF THE DRAW NGS The above and ot her

obj ects, features and advantages of the present invention will 30 becone
apparent fromthe follow ng description of preferred enbodi nents given in

3 conjunction with the acconpanying drawings, in which: FIG 1 is a
schematic view showi ng an exanpl e of the use of a conventional point
evaporation source for a thermal evaporation process; FIG 2 is a schematic
vi ew showi 9§iUaRdhwith Sheaespmpawingbawisss, 3 whith: conventional 5 poi nt
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8 are secti onal Fifs.8is aselicentiaviswghbwing the-interiprstdt & a dyciblhof hecoRle@ioBli s a
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i nventi on,p%%?tévapofastfoél S&“K?Fé‘%etg?nm"’g eaapé)éaé’cg’ﬁd”%%ﬁsodi nment of the heat
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showi ng a third,_enbodi ment of the heat conducting portion in the present
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a view showing a first embodiment of a heat conducting portion in the present invention, FIG.
7 is a view showing a second embodiment of the heat conducting portion in the present
15  invention, and FIG. 8 is a view showing a third embodiment of the heat conducting portion
in the present invention;
FIG. 9 is a sectional view showing a first embodiment of an insertion portion of the
nozzle source for the thermal evaporation process according to the present invention;
FIG. 10 is a sectional view taken along line B-B’ in FIG. 9;
20 FIG. 11 is a sectional view showing a second embodiment of the insertion portion of
the nozzle source for the thermal evaporation process according to the present invention;
FIGS. 12a and 12b are enlarged views showing portion B in FIG. 11;
FIG. 13 is a sectional view of a second embodiment of the nozzle source for the
‘thermal evaporation process according to the present invention;
| 25 FIG. 14 is a sectional view of a third embodiment of the nozzle source for the thermal
evaporation process according to the present invention;
FIG. 15 is a sectional view of a fourth embodiment of the nozzle source for the
thermal evaporation process according to the present invention;
FIG. 16 is a sectional view of a fifth embodiinent of the nozzle source for the thermal

‘30 evaporation process according to the present invention;



FIGS. 12a and 12b are enlarged views showi ng portion Bin FIG 11; FIG 13
is a sectional view of a second enbodi nent of the nozzle source for the

t hermal evaporati on process according to the present invention; 25 FIG 14
is a sectional view of a third enbodi ment of the nozzle source for the
thermal evaporation process according to the present invention; FIG 15 is
a sectional view of a fourth enbodi nent of the nozzle source for the

t hermal evaporation process according to the present invention; FIG 16 is

a sectional viewof a fifth enbodi nent of the nozzle source for. the thernal
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schemati c vi ew FIGu38riatd nchematie pisy tillostratieg hodepesiting métbod iuking the nfoftldi ment
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reference to the acconpanying drawings. FIG 4 is a sectional view show ng
a crucible of a nozzle source for a thermal evaporation process according

to the present inventi | cﬁtﬁoﬁ f‘le i showi ng an
enbodi ment of a coni cal y]:@?“g:gg]égﬁcﬁglzﬁpgégurce orﬁgﬁﬁk}lerml evapor ati on

process according to the present invention. The nozzle source of the

present inventiqn conprises an 15 jnsertiqQn portion 10 in_whi.ch nozzle 11
for determining é@fﬁﬁ@ § s it Reset mveatnaliibe deggribed 49 dglad with

uni forygl v Qrdmed A Q6o healawii}ape; a crucible 20 that is in the form
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an embodiment of a conically-disposed nozzle source for a thermal evaporation process
according to the present invention. The nozzle source of the present invention comprises an

15  insertion portion 10 in which nozzle 11 for determining evaporation directions of a chemical
material are uniformly formed along a conical shape; a crucible 20 that is in the form of a
cylinder with an opened upper end and formed with a catching step 21 by which the insertion
portion 10 can be caught at the upper end of the crucible; a filament 30 disposed around the
crucible 20 to heat the crucible 20; a reflecting plate 40 disposed around the filament 30 to

20  minimize heat loss; and a heat conducting portion 50 inserted into the crucible 20 to transfer
heat from the filament 30 to the interior of the crucible 20.

The insertion portion 10 is including a plurality of evaporation tubes 12 (FIG. 11)
vertically formed to communicate with a lower portion thereof and a nozzle 11 that connect
.with the evaporation tubes 12 conically arranged along an outer circumference of an upper side
25  thereof.

| In order to prevent leak of the evaporated material at a connection of the insertion
portion with the catching step 21, the connection can be sealed by screwing using a thread or

by a gasket, which is not shown in the figures.
FIG. 6 is a sectional view taken along line A-A’ in FIG. 4, showing an example of the

30 - heat conducting portion of the nozzle source for the thermal evaporation process according to



20 minimze heat |oss; and a heat conducting portion 50 inserted into the
crucible 20 to transfer heat fromthe filanment 30 to the interior of the
cruci ble 20. The insertion portion 10 is including a plurality of
evaporation tubes 12 (FIG 11) wvertically fornmed to communicate with a

| ower portion thereof and a nozzle 11 that connect wth the evaporation
tubes 12 conically arranged al ong an outer circunference of an upper side
25 thereof. In order to prevent |eak of the evaporated naterial at a
connection of the insertion portion with the catching step 21, the
connect i orthe aresgis isveatiald by screwing using a thread or by a gasket, which
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in FIGS. 7 d 8@%? Is, _the fins 51 shown in FIG 7 are constructed such
that the $PagYE" nd38%8  substanti al |y take the shapes of circles. The
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toward the center of the crucible such that the spaces 52 surrounded
substantially take the shapes of circles. The fins 51 shown in FIG. 8 are constructed in the

15  form of walls extending toward the center of the crucible such that the spaces 52 surrounded
by the fins 51 substantially take the shapes of triangles.
However, the structure of the heat conducting portion 50 is not limited to those shown
in FIGS. 6 to 8. It will be apparent that a variety of structures thereof can be implemented.
In some cases, it is preferred in view of the efficiency of heat conduction that the heat
20 conducting portion 50 be formed integrally with the crucible 20.
FIG. 9 is a sectional view showing a first embodiment of the insertion portion of the
nozzle source for the thermal evaporation process according to the present invention, and FIG.
10 is a sectional view taken along line B-B” in FIG. 9. It is preferred that the insertion portion
10 be constructed such that a plurality of evaporation tubes 12 are formed vertically to
'25  communicate with at a lower portion thereof and the nozzles 11 are uniformly arranged in the
form of a cone extending from outer sides of the evaporation tubes 12 to the upper end of the
~ insertion portion 10.
Further, it is preferred that a circular reflecting plate 13 be further provided above the
insertion portion 10 to improve thermal efficiency and to prevent the chemical material from

30 being accumulated in the nozzles of the insertion portion 10.



by the fins 51 substantially take the shapes of triangles. However, the
structure of the heat conducting portion 50 is not limted to those shown
in FIGS. 6 to 8. It will be apparent that a variety of structures thereof
can be inplenented. In sone cases, it is preferred in view of the
efficiency of heat conduction that the heat 20 conducting portion 50 be
formed integrally with the crucible 20. FIG 9 is a sectional view show ng
a first enmbodi nent of the insertion portion of the nozzle source for the
t hermal evaporation process according to the present invention, and FIG
10 i s a secti ondfinegpsseryt apbyaldy of girtularaefeading iphites| 1§ may be stackedpimsfabpyed
that the i tion portion 10 be constructed such that a plurality of
evaporation tubes 12 are forned vertically to 25 communicate with at a
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width in the longitudinal direction as shown in FIG. 12b.
15 FIGS. 13, 14 and 15 show other embodiments of the nozzle source for the thermal
evaporation process according to the present invention.

FIG. 13 shows a second embodiment of the conically-arranged nozzle source for the
thermal evaporation process according to the present invention, wherein a cylindrical hollow
portion 70 is formed to penetrate through the centers of the insertion portion 10 and the

20 crucible 20, and a central heating portion 31 is installed within the hollow portion 70. Both
of the filament 30 and the central heating portion 31 may be simultaneously instatled or only
the central heating portion 31 may be installed.

FIG. 14 shows a third embodiment of the present invention obtained by modifying the
embodiment of FIG. 13, wherein a small evaporation source 80 of which an upper portion

25 takes the same shape as the insertion portion is further provided at an upper end of the central
hollow pottion 70 shown in FIG. 13 so that another material can be contained in the small
evaporation source 80. Thus, the nozzle source of the third embodiment can be applied to the
‘process of simultaneously depositing two materials.

At this time, it is possible to provide a cooling portion (not shown) for thermal

.30 interference between the central small evaporation source 80 and the outer large conically-



FIGS. 12 and 12b are enlarged views of portion Bin FIG 11. Each nozzle 11
may have a constant width in a longitudinal direction thereof as shown in
FIG 12a or an increasing wdth in the |longitudinal direction as shown in
FIG 12b. 15 FIGS. 13, 14 and 15 show ot her enbodi ments of the nozzle
source for the thermal evaporation process according to the present
invention. FIG 13 shows a second enbodi nent of the conically-arranged
nozzl e source for the thermal evaporation process according to the present
invention, wherein a cylindrical hollow portion 70 is forned to penetrate
t hrough t HE™28gt ¥aglepukche i nsertion portion 10 and the 20 crucible 20, and
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in close contact wwth the bottom of the
minimize the shadow effects which may occur upon manufacture of a large substrate.
15 When the size of the hollow portion 70 is increased as such, it is preferred that the
filaments 30 be installed at both sides of a material containing portion 22.
Meanwhile, the insertion portion 10 may be formed integrally with the crucible 20.
If necessary, the crucible 20 may.bc constructed by connecting separate intermediate and
lower portions.
20 Hereinafter, the operation and effects of the present invention will be described with
reference to FIGS. 4 to 15.
First, a general operation principle of the nozzle source of the present invention will
be explained. _
_ The filament 30 for heating the crucible 20 is preferably disposed at the upper portion
25  of the crucible 20, as shown in FIG. 5. This is to prevent the evaporation tubes 12 and the
' nozzles 11 from being clogged due to accumulation of the evaporated material by increasing
the temperature of the upper portion over that of the lower portion of the crucible 20 from
which the material is evaporated.

Further, the filament 30 may extend at a certain ratio toward the lower portion to

'_30 -uniformly heat the upper and lower portions of the crucible 20.



substrate. In a case of a conventional point evaporation source, a stream
of an evaporated material reaches edges of the substrate at certain

angl es, which nmay produce shadow effects 10 of the nmask. However, if the
hol | ow portion 70 is constructed of a cylinder with a |large dianmeter as
shown in FIG 15, the evaporated nmaterial reaches the entire portions of
the substrate in a substantially normal direction thereto. Thus, there is
an advantage in that it is possible to mnimze the shadow ef fects which

may occur upon nuf acture, of a | arge substrate. 15 Wen the size of the
hol | ow portion IPQVer. iR PEIE lnFgye & PFm §HapPIALpR ek tbp Pheanica] apaterkd fropy thg nent s

30 be i nstglt.edopiheR2EdbI8] ME Suddlrial isn@/tag&jaﬁzh bgo&tn@ Plg Hég‘al'i ?l;:/&@at%% frtOR'xea

Meanwhi l e, the insertion portion 10 may be forned I ntegr W
cruci bl e 2aterialf constoasisgthe insérdon portioh|16 tR@upinhedimgordribe npmer @drtion of the

connecting_separate.interngdiate and | ower tions.. 20 Hereinafte t he
oper at | on GHDERP SCMeNt e i Be BRpvIeTEAES Srihei e B oReLETS BEROWH e
reference dficible@0: Iftofder bRnifinfl§ kpref B8 ARTAL LR KA RM M thdmkdisn Frﬁrtibﬁ'e
nozzl e source of the present invention will be explained. The filTanment 30
for heati nlf & peclerpblyifomedio take ther bpeg efisl spnglvdiasagward Yeexupper portion 25
of the crucibl ey Lty F 5. I8 .S t revent t.he.evaporation
tubes 12 and thg?.1 Blntggiqsgﬁslgt% 4f;a§rrs1lh{?1eq"?r§gp%[{ggg§ié§ € ueeﬁf%ua%%oﬁﬁng gﬁia%{r%e%? t he
evapor at edofrtird emparhted ynatenial dirsied ¢ the bentdrefprsabstae cah bé bntrodaEsy astihgn

over that of the |ower portion of the crucible 20 from which the materi al
i s evapor e gize ?fd};‘? ﬁﬁ?lshng ﬁiﬁtﬂf §0) whilerthe hermal ovaperaliap Prcess iReroane psing the
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of the crucible 20. reover, 1n order to ensure unfformevaporation of

the cheni can beduréher gdntfollodandtus mord iapeowt. t he crucible, the material is
cyaporated by U, kol DTRIERNSH: bt A BEht rsbR b
using the insertion portion 10 will be explained.
In case of a conventional point evaporation source, it can be considered that the
15  evaporated material starts from one point and spreads upward in all directions in the form of
a hemisph'ere. A slightly larger stream of the evaporated material is established at a central
portion of the hemisphere rather than outer portions thereof. Since the substrate on which the
deposition is actually performed is substantially flat, the distance from the source to the
substrate is increased from the center to the outer portions of the substrate. Thus, since the
20  angle between the direction of the stream of the evaporated material and the surface of the
substrate is increased, the thickness of the deposited thin film is decreased from the center to
the outer portions of the substrate.
Since the nozzles 11 of the insertion portion 10 are arranged conically toward the
outer portions of the substrate in the nozzle source of the present invention, larger streams of
25  the evaporated material are established at the outer portions of the substrate while the effects
| of the distance between the source and the substrate and the effects of the angle between the
directions of the streams of the evaporated material and the surface of the substrate thicken the
_ thin film at the center of the substrate. Therefore, the two phenomena are offset by each other,
thereby maintaining the uniformity of the thickness of the evaporated thin film on the substrate

© 30  asawhole.



cruci ble 20 without directly heating an outer surface of the materi al
containing portion of the 5 crucible 20. In order to uniformy spread the
radi ant heat, the bottomof the insertion portion 10 is preferably forned
to take the shape of a cone with an upward vertex. Wth the installation of
t he shielding plate 60 above the insertion portion 10, a stream of the
evaporated material directed to the center of the substrate can be
controlled by adjusting the size of the shielding plate 60 while the

t hermal evaporation process is perfornmed using the 10 nozzle source of the
present inventi & hindms, angkgh Petwep ayaxis of oach 9f b canigelboarranget novizles find m

can be f ur% OsferiRNGS @b ls?ﬁrc@ﬁda %%{r[@n?@&& ge{f&ﬁcge%\éﬁ&n a’\l%é%e, OaQAOQef)ﬁ;[dé an

principle tor ensuring e uni eposi t thin fi gffshg t he
i nsertion gooringrio 1 disthdcebe thexpbsaratead .a dsed magealof a conventi onal point

evaporation source, it can pbe cqnsjdered that the 15 evaporated materi al
starts from one%blg]ileﬁ{t}"éﬁ ralily ebgeculap ielleetingplates 13ate destallsd abgvs thevimsqrtionn of

a hem sphedtion (5t iisgl g?/réﬂ@éta@@, SUhA MR difiGerR %ﬁ&%@ﬁxg‘pﬁo&at Hiaﬂhe%ﬁne

established at a centr portion of the henm sphere rather than outer
portions tiee.eol positiete prieent thegorzdesl loflomibeing cddpged Up fesivipaated smatetalial | y

perfornmed j ngially flat, the distance fro tB ur.ce to the
substrate ;{Iogmﬁﬁl%tr%éz%@a nP%%i?ﬁ ‘{h}%o &‘gﬂf'gperf’tgret h%ﬁ?zaes gp?ﬂgﬁgsemoquétmn
subst r at e. 10Rhhish islowerehingalér thergper pative 6Nthe Auctlilé 8¢t i on of the stream of
t he evaporated paterial and the surface of the substrate is increased, the

t hi ckness of t h&h¢iBsles dd@r cricibly 20 in the present énvepidor easrhetmade of higdr dengity t he
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portion 10 are arranged conically to rtions o
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25 the evapor at terial .are established at .the outer portions of  the
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the thin Ushgthasemenes sherndn FIFS.(leand dBghe aezsle sphese dfving thetingsrtioapopienonena
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placed at a position corresponding to or in the vicinity of the center of the substrate 5 and the
thermal evaporation process is then performed while the substrate is rotated. That is, although
the nozzle is asymmetric to be directed only in one direction, it is possible to obtain the same
effects as the conically arranged nozzles by rotating the substrate 5.

20 As for a nozzle directed in one direction, there is an inclined nozzle 91 shown in FIG.

17 in addition to the asymmetric nozzle 90 in FIG. 16. Any structure of the nozzle capable of

. controlling the discharge direction of the evaporated material can be used. The inclined angle

of the nozzle 90 or 91 with respect to vertical centerline A can be within a range of 5 to 90

degrees. The angle can be selected to maximize the uniformity of the deposited thin film in

25  consideration of the level of the substrate 5, the distance to the center of the substrate and the
 like,

According to the nozzle source for the thermal evaporation process according to the

present invention, the uniformity of the thickness of a material layer deposited on a substrate,

particularly, upon manufacture of a large substrate can be improved, the deposition rate of a

30~ material can be prevented from being rapidly decreased with time, and the use rate of the

10



9 At this tinme, angle A between an axis of each of the conically arranged
nozzles and a centerline of the source is a value properly selected froma
range, 0 < A < 90 degrees, according to the distance to the substrate or a
used material. Further, the plurality of circular reflecting plates 13 are
install ed above the insertion 5 portion 10 to inprove reflectivity, so
that thermal efficiency can be inproved, and at the same tine, it is
possible to prevent the nozzles 11 from bei ng cl ogged by the evaporated
material accunulated in the nozzles due to the tenperature of the nozzles
11 of the Ppsd¢lcaBRe PIsFapskh 10 which is lower than that of the upper
portion of the grucl Rl : I i nt

i nvention can bgmrég% tg? &%lseél iﬁgeéﬂah@ﬁl %/Se?ef%a%%%%{n%&%ﬁc% %,nblgsn%&ﬁ%%r?lgl S
such as nokiglh denaforententigeidesmbadandmd, the adcughe tof tthen preserdt liatentio® shoudd neibbé | y
subl i mat ed at higagte er.ature. Inﬁgﬂgitnﬁn, a variety of alloys nag be
used. FI G COPEricHRLeige fimritcd 1.the sembndimentsrillusiateddn Meacsmpangngskayings t her mal
evaporation process according to the present invention. In the fifth
enbodi ment and a deposition nethod wusing the sane, as shown in FIGS. 16
and 18, the nozzle source having the insertion portion 15 10 fornmed with an
asymetric nozzle 90 directed to the outer portions of the substrate is

pl aced at a position corresponding to or in the vicinity of the center of
the substrate 5 and the thernmal evaporation process i's then perforned
while the substrate is rotated. That is, although the nozzle is asymetric
to be directed only in one direction, it is possible to obtain the sane
effects as the conically arranged nozzles by rotating the substrate 5. 20
As for a nozzle directed in one direction, there is an inclined nozzle 91
shown in FIG 17 in addition to the asymmetric nozzle 90 in FIG 16. Any
structure of the nozzle capable of controlling the discharge direction of
t he evaporated material can be used. The inclined angle of the nozzle 90
or 91 with respect to vertical centerline A can be within a range of 5 to
90 degrees. The angle can be selected to maxim ze the uniformty of the
deposited thin filmin 25 consideration of the |evel of the substrate 5,
the distance to the center of the substrate and the |Iike.

11



According to the nozzle source for the thermal evaporation process
according to the present invention, the uniformty of the thickness of a
material | ayer deposited on a substrate, particularly, upon manufacture of
a large substrate can be inproved, the deposition rate of a 30 material can
be prevented frombeing rapidly decreased with tine, and the use rate of
the 10 material can be increased. Although the present invention has been
descri bagaaT YR THIMEDRE €S i n connection w th the aforenentioned

enbodi méNt s, € scope of the present invention should not be construed as
being limted to the enbodinents illustrated in the acconpanyi ng draw ngs.
11 MHATIIS CE@%@@%%'G%k %h Aggoz%lg Sour ce for a thermal evaporation
process,‘conprléﬁ d% aif PheeFtiory ﬁ%??ﬁ%ﬂx?g?&d@F@FﬁPﬁing evapor ati on
direction of af iGREHBnCEIrtiOM @ de®rmitife evapBfa@ibh idactA &1l Dehentied] wekt&ehl Athe
plurality of evaporation tubes formed to communicate with a | ower portion
t her eof 13§08 pRsdon indlyting & dhwality off evaperqior s riarmeshtor ¢aseBurisHp cfaﬁwl 9
arrange I ) i . Si : cible
hat ¢t et R et Bl EALENEY R e YR RS MR By e o

w th a ahinghhogtes cepubierasoe ofar igpet sidetHerenf; porti on can be caught at the
upper end thereof; and a filgrent that |s disposed around the c¢rycible to

heat the cru@ichieble shatfakes the,shape ebp cxlindgs vathaimhepened uppesichs pnd jhiormed a
heat i ng I o Qi of ' i tJ !
oxt endi matt AU R Aich Ihe LRETEY nlitih Qe Leleht & (B, ulifh cpl fhgtor
cruci bl endind have tips directed to the center of the crucible so that

spaces surrounded the fins and spa ositloned.at the center of the
eruci bl e fora%ﬂ%‘?ﬁ"ﬁgyaﬁﬁe‘ﬁs@ﬁ%‘ﬁﬁf%‘?d%ﬁ&ﬁ?Poaﬁf‘é&h’éfc?% within the

crucible. 3. The nozzle source as clainmed in claim2, wherein the fins of
the heat conducting portion are fornmed at a regular interval so that the
heat coRduct IThg npatle isewrce @it edaimaed igtedgie bf wherein a heating conducting portion is

formed with a plurality of vertically extending fins that come into contact with an inner

surface of the crucible and have tips directed to the center of the crucible so that spaces
surrounded by the fins and a space positioned at the center of the crucible for putting the

chemical material are defined within the crucible.

3. The nozzle source as claimed in claim 2, wherein the fins of the heat conducting
portion are formed at a regular interval so that the heat conducting portion takes the shape of

an axisymmetric figure as viewed from above.

4. The nozzle source as claimed in claim 2, wherein the heat conducting portion is

integrally formed with the crucible.

5. The nozzle source as claimed in claim 1, wherein an angle(A) between an axis of each

nozzle of the insertion portion and a centerline of the source is 0° < A < 90°,

6. The nozzle source as claimed in claim 1, wherein the insertion portion includes a
plurality of tubular nozzles which communicate with the lower portion thereof and are

arranged in the form of a cone so that an angle(A) between an axis of each tubular
12 |



an axisymetric figure as viewed from above. 4. The nozzle source as
claimed in claim2, wherein the heat conducting portionis integrally
formed with the crucible. 5. The nozzle source as clainmed in claiml,
wherein an angl e(A) between an axis of each nozzle of the insertion
portion and a centerline of the source is 0 < A< 90. 6. The nozzle source
as clainmed in claiml, wherein the insertion portion includes a plurality
of tubum@gﬂggﬂghggn&mhgbf&@@gﬂgéﬁgpe:AL&bOQhe | ower portion thereof and are
. arranged in the formof a cone so that an angl e(A) between an axis of each
tubular 12 nozzle and a centerllne of the source |s 0 <AS90. 7. The
nozzl e ur cewa ained in in.a C|rc refle i.n ate is
further S70pr osqhgé}ﬁ’zﬁl%ﬁ‘llfﬁe ‘?1"16’6%%{“ Sl ﬁf\%{xeﬁgn arf’éré’}l B‘fﬂeﬁ'iﬂ‘ﬁ? f?lﬁcak”ﬁ%?ﬁﬁr ove
t her mal pedvid&l £06yd andppe? md@ﬁﬁ%ﬁé‘ﬁns&ﬁﬁ)n%ﬁﬂrﬁ@' infRéRS t'h@ilmafl leBii BRIy to
accunul ated in the nozz es of the insertion portion. . The nozzl e source
as cl ai PEyepithe chymical metepaldiom being gecymydated phibe apzzéemfé]mn@am@m portion.
insertion portion is depressed to inprove heat transfer to the evaporation
tubes and nozzles and to prevent the evaporation tube and nozzles from

bei ng clBoggedhduwzzile sbivec ac claimiédin cim Of whbre@V apottet eetiphetsufhccosft thet he
evaporation. tubes and nozzles. 9. The nozzle source as clalned inclaiml,
wher ei n TSCEiORFHoR SHeRFessadstoriprenes hqahér@aqfﬂe@ the r%p%%sosl ¢shangl nozzles
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plate to control eam o he ¢ emca |rec e center
of a subSan ata@orami.ma’che'alnmmthe esnpmmmnaubeslmdmmdzlem claim1, wherein the
bottom of the insertion portion 1is concave to take the shape of a cone
thereon. 11. The nozzle source as clained in claim1, wherein the fil ament

is dispgsed @h@ﬁ@é&l@%uré@ﬁedlalﬁﬁﬂtlh emnﬁﬁ Wherefd y@m@ﬂdﬁlgtﬁat@%@?u&h%ﬁmé&m@&
portlon of the crucibl e. . The nozzle source as clained in claim1

wher ei noR BOBf wah@mred@ermlmdrhm edtcading frqm duetoprofithedraudarirefllentiog dte he
upper a ortio i ntain. uniform tenperatures
at e psaROE et o R shomtlin b ighefe s RS0 & beid

10.  The nozzle source as claimed in claim 1, wherein the bottom of the insertion portion

is concave to take the shape of a cone thereon.

11.  The nozzle source as claimed in claim 1, wherein the filament is disposed around an

upper portion of the crucible to heat the upper portion of the crucible.

12. The nozzle source as claimed in claim 1, wherein the filament is distributed at a
predetermined ratio around the upper and lower portions of the crucible to maintain uniform

temperatures at the uppér and lower portions of the crucible.

-~ 13, The nozzle source as claimed in claim 1, wherein a thread is formed at or both a
- thread and a gasket are used in the catching step so that a connection between the insertion

portion and the crucible can be hermetically sealed.

14. - The nozzle source as claimed in claim 1, wherein a central heating portion is further



13. The nozzle source as clainmed in claim11, wherein a thread is forned at
or both a thread and a gasket are used in the catching step so that a
connection between the insertion portion and the crucible can be
hernetically sealed. 14. The nozzle source as clainmed in claim1, wherein a
central heating portion is further 13 provided in a cylindrical hollow
portion that is formed to penetrate through the center of the insertion

portion g?fﬁquém £EHGIRLR h%ﬁo&r%hlamapﬁ ;&h&fat@hu&ﬁh € cBRet SEmPY

fs
using b the fi'lanent and the central eat0 g portion or by using only
-+t he centinsghtiduepariiony atpbﬁl&mmmmb&&o tiatehe ozerhiealsoatedd cas bellwhird dyi using mitn 14,

wher ei n | | whi.ch p ortjon takes. the sa shape as
the t nodf fBent R ER St BAHRE PORio o auers B only B bEEhertEE PPRER. cont r a
hol | ow portion so that another material can be contained in the snal

source and two materials can be sinultaneously deposited. 16. The nozzle
source a8 cl dihawazzle seureg ay daimgdeingilaime He whersin aisovallsontce off whiclf @y wengr
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separ at erne ower OI’IS thereof-
central hollow portion so that another materlal can be contained in the small source and two

materials can be simultaneously deposited.
16.  The nozzle source as claimed in claim 1, wherein the insertion portion is formed

integrally with the crucible, or the crucible is constructed by connecting separate intermediate

and fower portions thereof,
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