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NOZZLE SOURCE FOR THERMAL EVAPORATI ON PROCESS BACKGROUND OF THE | NVENTI ON
1. Field of the Invention. The present invention relates to a nozzle source
for a thernal evaporation process, and nore particularly.. to an
evaporation source for use in a thernmal 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 uniformy applied to

the material w t NOZZLESOURCE FORITTHERMALEVAPORATTQNPROUESSr esent
invention relates to a conically--disposed nozzle source for a thermal

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 he inproved, the deposition rate of a material can be
prevented from bei ng r apBAGKGROTAND @ WHENNVENTIONd the use rate of the
material can be increased. ?. Description of the Related Art 20 A thermnal
evaporation process is a process wi dely used for nanufacturing
sen1con@pqﬁgﬂ(gemgﬁﬁﬁhndhlat panel display devices and the like. To coat a
substrate wwth a chemcal material for use in manufacturing sem conductor
devi ces and f Tht peseméinveiitippirelytes Weviozds somcecfouailtwhnal@amcmatimnmgm@maMem cal
material is qatg% sg t hat th@.chenicgg mat er %L ? % porg ?? from
the sur PB¥E RALPEEY: 1hat R &R0t Ed et &1, Eaﬂ"ﬁ RUdERES? 84 on 25
t he subshimffupncesicboygotdeicss, Wt pirR! digplag ﬂe&wesrma ithRdile, k@il w@r of
the chemical material on the substrate. At this time, the_ thernal

evapdr atd Baenal gt b soyree isclaposiied gn pateiateduring thy thepmal Ayaperationgiogess. disnt r ol a
deposi ti Qg%&ﬁtfe& nﬁli%afﬂmeeurﬁ&irfngi &%bsﬁ&%sfh%'s%traiéﬁaﬁ%m Sl ReiRtmly

evapor at | process, a nost I's an evaporation source” for
evapor atappled ﬂoehe:imemlah‘hltlmatae)rmcable bf/theesatmcag the material. The source
conprises a il

ng portion and.an.openjing portion. Such

cvapor at 1 on sOEFEEEED e dHE A B0 AaFa b ROUP CSOer] HER VBTt i on
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 substrate 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.



» sources, and the |ike. Anong there, 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 | with a closed | ower end that can
contain a chemcal material. a heating portion 3 for healing the crucible 1
is installed around the crucible I. and a nozzle portion 4 is further
installed at the opening portion 2 so that the chem cal material can be

spread w del y.gutheRapdri€or 868 tdsdinciude FRRASIvapStatitn %ﬁ%ﬂiﬂ@iﬁeﬁﬁbmﬁhﬁati ng
the material usin t%e 10 heating portion 3 in a state where the point

evapor at sawcesoandghe like. shmeng thepn ppinhgvaporabios getreeshane deli meH vadely ussd-t he
substrate 5. T, | | ' : [ U een
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panel . display devices, there is a need for a deposi tion apparatus capable
of suppotheicngititehydralct nozele poftidned dughardestalieds:t thEepenmg potiim Zsoddpiodet | on

apparatus far .manufacturing large substrates, a variety of technical

pr obl errsgkéel‘?HEﬁld“aﬁee“aZB‘l“bu% S.pg%%‘ﬁlgglé'he problens, it is a nost inportant 20
probl emto dev@lApthd AN déporileSOME GEbdiAle 5189 Hemtingihgfragtilivaingl the ge
substrates. In a case where a point evaporation source is used for

manufitaict beating pertien einswistaly athsre thenpoigb eWPOEIBOYENSO I SHGFEAPERAY & be
spaced af)’%[)%t by aPgut nde %&nftlﬁeoéﬁbgtrfté'??t rate, e.g., a substrate with a size
er

of 370 x mn, 1n or 0 performdeposition on the substrate while
mai nt ai ni ng t Wtheyoirl evapotationfodrhewithisodtresmictifre basttzem widelyrsed sice glcenance
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range of, 5% or |ess. ?5 Therefore, t.pat ..t.he si ze of
a deposi ¥§ Eﬁ*?‘l)ﬁﬁb"&f‘%ﬁﬂ’éeqs%“qh‘ﬁé 'eglg’g”ﬁvgn efais 2 djadvpnipge lﬂftﬂ%tt lﬂﬁtdé{ficg}ﬁ?s
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to be inclimed wth respect to the center of the source or rotating.the

subsi¥ ate 5 aSisdesubstiatesfpzengcinsyetondavices s grpdunlly enlarged and it is required
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 subsirates, 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 substrate,
the point evaporation source should be spaced apart by about 1 m from a substrate, ¢.2., 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.



» However, the methods have not yet considerably solved the problens of the
conventional 30 point evaporation source. Further, in the case where the
poi nt 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

i ncreased., heat cannot be well transferred to a portion of the chem cal
material at the center of the crucible 1. Thus, as showmmn in FIG 3, only a
portion of the chem cal material 6 in the vicinity of an inner surface of

the crucibl e Hyriher, in thé caRWatRes dk ?d}m Aapofadbinghivee i€vsIa fohmu@iTadtieneiheni cal
material 6 remains in the crucib in great ampunts, the deposition rate
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evapor at  gRould b@ﬁ%dlmgy@ﬂ]eauﬁbﬂ{ﬂdiﬂdlblﬁﬁt erial are conically arranged; a
crucible that is in the formof a cylinder with an opened tipper end and

formd¥ with a catching step by whi ch the insertion portion can be caught
at the upper end of tile c SRy Tﬁﬁllﬁﬁ@rﬁ sposed around the
crucible to heat the cruci gl e-, areflecting plate disposed around the
filament to mnimze heat |oss; and a heat conducting portion inserted into
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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 the 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 heat 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: above and other objects.. features and advantages of the present
invention will .0 30 becone apparent fromthe f flow ng description of
preferred enbodi nents given in conjunction with the acconpanyi ng draw ngs,
in which: FIG 1 is a schematic view showi ng an exanple of the use of a
conventional point evaporation source for a thermal evaporation process;
FIG 2 is a schematic view show ng anot her exanple of the use of the
conventional 5 point evaporation source for the thermal evaporation
process; FIG 3 is a schematic view showing the interior state of a

cruci bl eC@ﬁjuﬁd@i@,n%ﬂymghé@ﬂﬁjanyﬂgldfmmﬁggagpwmchon source for the thernal
evaporation process; FIG is a sectional view showing a crucible of a
nozzl e source HIG: 14s & neliematic visyaphomang am cxmpie o6 thecise o8 R KN Yeationd n9idsent

i nventi 0Dea OQt EI %r gfdr tﬁer%%f%%a@wgfaa 10Mk?d’¥e§sho"“ ng a first enbodi nrent of the
nozzl e source fe ermal “evaporation process according to the present
i nvention; FlI (EIG @i @séheﬁfaﬁc sieot showalg atioehws exanlgsie oflbenge bf the céavintipml Fl G
4, wherein FIG S % Bovvl ng a first enbodi mrent of a heat

conduti H@lnb%‘faPP@HOF ﬁOLtfPFe °|5V¥§’st ¢fimal EYAPREAUSRPTYSERS: 7 is a view showing a

second enbod' l@t 3%&&1%5&&%@% tH%QmEH&Féta%‘of dcrhBlcRE 8R&BhvehBonal

i nventi on, IG 8 1s a view show ng enbodi nent of the heat
conducti pgmpc)\rapomnon sourchior phreehemal cwpemtlourpxotﬁwa 9 is a sectional view
showing a fir glbo i ment nsertl an the nozzl & q ce
for the ther afiot ﬁetci“Bﬂ Vr“c')"geS SWH‘@c%FHiCﬁ’g tlhoézlﬁrsé’%cﬁt T AveRt i

FIG 10 bﬁap@ra‘él@ﬁb!r&ﬁ@d acebidiMelta K prade@n@vbatim; B-B° in FIG 9; 20 FI G 11 is
a sectional view show ng a second enbodi nent of the insertjon portl on of

the #dzzle sodflfileSfibi seqhienaldewrahoveinea gditsl anehpdnen & shearazsledionise for thee
present @%}’Iﬁ@t &Q&fatécﬁﬁ cess 2&bofilfl fozéﬂ gfe‘ée @ﬁ&hﬂ@&l views show ng portion B

in FIG & sectiona a second enbodi ment of the
nozzl e sour ce HIGS. 6 he8 atchsectinalal elewp takat ialbmg pime deds imEbrdd wigreiroFtthe isr esent
| nvent| OQ 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 embodiment of the nozzle source for the thermal

30 evaporation process according to the present invention;



2 FIG 14 is a sectional view of a third enbodi nent of the nozzle source
for the thermal evaporation process according to the present invention;
FIG 15 is a sectional view of a fourth enbodi ment of the nozzle source for
the thermal evaporation process according to the present invention; FIG
16 is a sectional view of a fifth. enbodi ment of the nozzle source for the
thermal 30 evaporation process according to the present invention; FIG 17
is a sectional view of a sixth enbodi nent of the nozzle source for the
thermal evaporation process according to the present invention; and FIG
18 is a schenatiGe 1y iseWettdnbiStisvabi Nexh ctftRamhdnt ONheRdLRGoUfE A6 thdwdedmAlt h  L_
enbodi nent of the nozzle source for the thermal evaporation process

accor di nevaperatine pprcesseaseordingite o ppsenDEYAIUOEDIESCRI PTI ON OF THE | NVENTI ON
Preferred enbqgj t f § i i,0 ihed i etail
with 10 ref e&gﬁggl%tgs hsghé;@%%rnggﬁglhwgs{%t%hn%kg\.%llh‘j&t}ﬁ%q?@ q{asllﬂgeg‘te i fc?)fr?% vi ew
showi ng, embeditentfeheofozale ROz for sietthamal evaparatibiepivatss aenoadiog tt thepreprmcess
according to the present invention, and FIG 5 is a sectional view show ng
an enbod!™&MioNsf a conical ly -di sposed nozzle source for a thermal
evaporation process according to the present invention. The nozzle source
of the present invention conprises an 15 insertion portion 10 in which
nozzl e 11 for det er ni BERAIEERIMESERIFTIGNIQLE HHEN\ENEIQ@Neni cal materi al
are uniformy formed along a conical shape-; a crucible 20 that is in the
formof a cylinder wwth an opened upper end and forned with a catching
step 21 by whipRfdrRd dnitfdirthém8 of BRY prest hiveafdh hell Gaurhirivall ih Rietadlppeh end
of the crucible; a filanment 30 di sposed around the crucible 20 to heat the
cr ucithl erefgyencg to die aseempanyigdrawgsdi sposed around the filanment 30 to
m nim ze heat SS,: : i I L L e
Cr Ui bl 6 20t §16F Srsposeolphi e AR PERERIC P il Apifce 3 b theimicy
cruci bl eex2Porafitreprotsse atdoatingiornthe prmsehOinventioncdnd RIGQS & alecticmbl vigw efiowing

evaporati on tfubes E, FIG,l& . .
an embodiment of a conically-disposed nozzle source for a thermal evaporation process

t he.

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



. vertically formed to conmunicate with a | ower portion thereof and a nozzle
| I that connect wth the evaporation tubes 12 conically arranged al ong an
outer circunference of an upper side thereof. In order to prevent |eak of
t he 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 showmn in the figures. FIG 6 is a sectional
view taken along line A-A" in FIG 4, showi ng an exanple of the M heat
conducting portion of the nozzle source for the. thermal evaporation
process agqﬁégghﬁgverpt@n,t he present invention. That is. the heat conducting

portion 50 is formed with a plurality of fins 51 that conme, into contact

wi th an i nner Bhat isathe hedt copducingpertipa 59 i, fompsdevith palumliteeffing 5 dhatsameent er
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t he cructhk®leZMdicRtendvartkicdllye Thb dvatcahdurdh@pordbn bS difities spatésesZhesatromaleduct i ng

portion 50 serves to effectjvely transfer heat fr the f.ilanment 30 around
Phe cf ucPBite s 5L gaha thycs Hahe graler o eﬁﬁl@@h%qmam%%ef 62 ST3E SEPL-t he
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6, the space at nter of the crucible 20 substantially takes the
shape of tha dnestlalg 30 evethie thpeleasical materinh gedinible integior hbtheicngitdd. substantial |y

one. anot hor - PBB s e Eop R B S0P PGRerpRofOkh YR BIBE b "

conduct i gt teQmscibla 20 Sitaihlly fakésShe happdf Shexhbed, theSspabdid@uirbuiled by shown
in FIG 7 are constructed such that the spaces 52a and 52b substantially

t ake 1@ hetheimp &5 serstagtizlly take thaplapes efoctponss pasihe spRcEy B2 a9d 8Pl CUBRERICYEt ed i n
h 1 i 4 Dl h th
the 15 L,%ggefan&ﬁéﬂ. iid%ﬁ:tvggst'lggggs%g@%&@@uzg%%ﬁéty% hEQ%oEgﬁtt%hg SRS t hat

t he spaces surroun ubstantrally ta apes of
tri angl ess shdemen #IGSthands8.r uct ure of the heat conducting portion 50 is not
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in view @fpstahifalBf fik€iRRENpRTof BRAEs. CPRCHIRS § PEhowAlin HIBE 8 ARA¢onstructed 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.



+ 2n eonducting portion 50 be forned integrally with the crucible 20. FIG 9
Is a sectional view show ng a first enbodi nent of the insertion portion of
the nozzle source for the thermal evaporation process according to the
present invention, and FIG 1.0 is a sectional view taken along |ine B-13
in FIG 9. It is preferred that the insertion portion 10 be constructed
such that a plurality of evaporation tubes 12 are forned vertically t-o 25
communicate with at a | ower portion thereof and the nozzles 11. are
uniformy arranged in the formof a cone extending fromouter sides of the
evaporation tybascedshry, d;&lbﬁht;p@ﬁﬁu@m r@ffledhhg pldtySEY inlaff) e Reickédeneldbove
Further, it is preferre that a circular lecting plate 13 be further
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FIG 11 is a sectional view show ng second enbodi nent of tile insertion
portion the nogzlé eomofzﬂ)lrﬁlegbmnaéefamoratﬂaa prdvessral evapor ation process. That
i's, the insertlo IS stru n ou heral
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in FI G 12a ofFI&@8. 1handkbi meenlaigdd licws df iperticmriy it Blfi.1dl Hich eetziohl may shown

in FIG 12b, 1-5 FI 14.and. 15. s t h ts of the nozzle
sour ce. { BivepsantHEMEh i e biaglr e dieio iect e RE GO ARG of rstsbiip?
I nvent i ORidth 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 installed 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 portion 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-



. FIG 13 shows a second enbodi ment of the conically-arranged nozzl e source
for the thermal evaporation process according to tile present invention,
wherein a cylindrical hollow portion 70 is formed to penetrate through the
centers of the insertion portion 10 and the -20, and a central heating
portion 31 is installed within the hollow portion 70. Both Mcrucible I It
of the filanent 30 and the central heating portion 31 may be
silmultaneously installed or only the central heating portion 31 may be
installed. FIG 14 shows a third enbodi nent of the present invention

obt ai nedalbyngm%iﬂé sgiréd. | e enbodi nent of FIG 13, wherein a snall
evaporation source 80 of which an tipper portion 25 takes the sane_shape
as tile inser tHusthenshadowreiiestshat pyocpirdppa dngtactrg of glakge subsiratsrcap he
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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 be 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.



. substantially normal direction thereto. Thus, there is an advantage in that
it is possible, to mnimze the shadow effects which nay occur upon

manuf acture of a | arge substrate. 15 Wien 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. |f necessary,
the crucible 20 may be constructed by connecting separate internedi ate and
| ower portions. 20 Hereinafter, the operation and effects of the present

i nvention w | IMbRoM&SRIdrB&do Bhduke urifd@redAg@atich ¢l thiSchefitad nidberiaF irosd thea
general operation prlnC|pIe of the nozzle source of the Fresent I nvention

Wil } bgswfqu & thegerugihle, the maerel isGveRiratpd By juspe adiagh igat gererated from a
P Ere gl PRRG e LSRR R 10 B Rl 1 SRl o g1

in FIG h nozz es 11
from bei agcmle(mgeiﬂh(ﬂmd1rmlyareamngﬁrmdmmuﬁﬁcctdfeheanapmlamatdmmg poriiah ofthe

i ncreasi ng e tenperat ur. ortion .over that, of .the |.ower
portidn B‘Pmpi?ezoc AR Ordsr %FOF’F‘[Y Pr%Fl afhﬁg gﬁ%“"@s"%@"a%ﬁ?’éﬂ?ruﬁﬂrt her,
the fil ai@nP rﬁ%anfo%&@qua?é thé s%@h%oﬁ@%itﬁ aﬁ%ﬂ@ﬁﬁl veligx| ower portion to
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directly heating an outer surface of the material containing portign of the

cr ucilhl engmle soprc ofj gie Rresephinyaiony AsEordEgly me yilpraHy 0&@&9?%1%%99% of
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performed using chdt€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 hemisphere. 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  as awhole.



. 10 nozzle source of the present invention. Accordingly, the uniformty of a
deposited thin film can be further controlled and thus nore inproved.

Next, an operation principle for ensuring the uniformty of the deposited
thin film using the insertion portion 1.0 will be explained. In case of a
conventional point evaporation source, it can be considered that the 15
evaporated material starts fromone point and spreads upward in al
directions in the formof a hem sphere. A slightly larger stream of the
evaporated material is established at a central portion of the hem sphere

rather than oui@misiind,afile A baweaf an Slidefeathef tiykshicdlyarthged hedzldshad
deposition is actually perforned is substantially flat, the distance from
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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 31 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 subsirate,

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
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. accumul ated in the nozzles due to the tenperature of the nozzles | | of the
insertion portion 10 which is |ower than that of the upper portion of the
cruci ble 20. The nozzles 11 or crucible 20 in the present invention can be
made of high density 10 carbon, ceram c, and materials such as nol ybdenum
tungsten, tantalumand titaniumthat are not easily sublimted at high
tenperature. In addition, a variety of alloys may be used. FIG 16 shows a
fifth enbodi nrent of the nozzle source for the thernmal evaporation process
according to the present invention. In the fifth enbodi nent and a

deposi ti gitdmi 8athe iHSkgdt he same, as shown in FIGS. 16 and 1.8, the nozzle
source having the insertion portion 15 1.0 formed with an asymmetric nozzle
90 directed tAlthnaghthearespuirinyeation bfs hepe desghibadrbytway of expmpleeth @PDLLPBsi ti on
correspopngdli t I I.Gi NI f t . . and
the ¢ hovia e s Bheidbard Smbbiifbols o oiBE o FY Blesflt ihyiBp aRGT Bt Be 27T
rot at ed. cdiizertied & bedng Iaitgthto thb embeddlettsiiBusaaediie tiei accdmpgingi drewingsl only in
one direction, it is possible to obtain the sanme effects as the conically
arranged nozzles by rotating, the substrate 5. 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 naterial can be
used. The inclined angle of the nozzle 90 or 91 with respect to verti cal
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
consideration of the |level of the substrate 5 the distance to the center
of the substrate and the 1like. According to the nozzle source for the

t hermal evaporation process according to the present invention, the
uniformty of the thickness of a material |ayer deposited on a substrate,.
particularly.. upon nmanufacture of a |large substrate can be inproved,, the
deposition rate of a 30 material can be prevented frombeing rapidly
decreased with tinme, and the use rate of the | () material can be

i ncreased. Although the present invention has been described by way of
exanpl es in connection
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- Wi th the aforenentioned enbodi nents, the scope of the present invention
shoul d not be construed as being [imted to the enbodinents illustrated in
t he acconpanying drawings. 11 WHAT IS CLAIMED IS: 1. A nozzle source for a
t hermal evaporation process, conprising: an insertion portion for

determ ning evaporation direction of a chemcal material, the 5 insertion
portion including a plurality of evaporation tubes fornmed to communi cate
with a |ower portion thereof and a nozzle that connect with the
evaporation tubes conically arranged along an outer circunference of an
upper si SeIATSISSCIAIMED ¥S bl e that takes the shape of a cylinder with an
opened upper end and is formed wth a catching step by which the insertion
portion can be caught at the upper end thereof, and ].0 a :filanent that

i s di sposed ai [ : ugl . 2. The nozzl e source
as cl ai rrz'd [ nAg*bg%Fn%qlsC%dg%etP%ﬁ? %éag? %ﬁaﬁ Egor?gstrjsbﬁlﬁ%r%bn ‘tionis fornmed with
a plurality ofn ine¢rtiom pbritipn doxt deredinivdng ¢vaporation dicentien iofih ohemninilandtentdlf the an
inner_surface of, the crucible gnd have ti sugi rg}cte to the center of the
cruci bl eMSHHPR APIHORARARding Rl @oofl%'awatefﬁbt PhIOTRRE I CUPRUBICHEST N Bned at

the cent Rﬂve?FoxftiBﬁ tHerddt EP&TE nbAe Iﬂ%ﬁtéohﬁ&t Hhe t%?b&r@ﬁoﬂ'ﬁ%&ﬁ%oﬁicaﬂ@éﬁ%@ﬁ I ned

within the ¢ i he nozzle source as clained in claim=2, erein

uci ble. 3.
t he fi nsalofg tmeuthecitcupderdoet dfrig uppenrsidegheraole fornmed at a regul ar interval

so that the heat nductin rtiop takes t shape .of 20 .an . .axjsymyetric
Trgure as vi cheuepRomCbOdne bt ila hASTRLNE of DBBE0 Yopel ReR R oFHAT -
wher ei n wihRa hﬁ@ﬁiﬂ% ol bg Whith tROImbér@on pition Ena@rcahgdhy af (BE OBskr Bhd thefebR and
crucible. 25 5. The nozzle source as clained in claim]1l, wherein an angle
bet wikn an ax? Hlagrengthiatis dispesadeargymditheciupibls toiheat tho FRclie-and a centerline
of the source is within a range of 0 to 90 degrees. 6. The nozzl e source
as clainmed in claiml, wherein the insertion portion includes a 30
pluralit3 of Thémbzate sumrcel assclyihied Hn chuinonul) iveeeren wi Helating eonduwatng partipnas
thereof f%?xge(? \§v1eth 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
15 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

20  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.
25 5. The nozzle source as claimed in claim 1, wherein an angle between an axis of each
nozzle of the insertion portion and a centerline of the source is within a range of 0 to 90

degrees.

6. The nozzle source as claimed in claim 1, wherein the insertion portion includes a

30  plurality of tubular nozzles which communicate with the lower portion thereof and are
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- arranged in the formof a cone so that an angle between an axis of each
tubul ar nozzle and a centerline of the source is within a range of 0 to 90
degrees. 7. The nozzle source as clainmed in claim1, wherein a circular
reflecting plate is further provided around an upper side of the insertion
portion to inprove thermal efficiency and to prevent the chem cal material
from being accunul ated in the nozzles of the insertion portion. 8. The
nozzl e source as clainmed in claim1, wherein an outer peripheral surface of
the insertion portion is depressed to inprove heat transfer to the

evapor at h@éhged hethe 30i6h 60Z 2diR S0 A ad GAglt Defdreel eMbxit bEcRY APl atrioasle bhdbe and
nozzl es fron1be|n% cl ogged due to the accunul ation of an evaporated

mat er i al coHtring plethe Sensee kieighn e snes c4Hdo RBdesess: 9. The nozzle source as
claimed in claiml1, wherein a shielding plate is further installed on a
post with a predeterm ned hei ght extending fromthe top of the circular
reflectiig pl Thenozkk stoomecamt:lanhedams:lalma]nwb]breﬁmmcia:dmmeﬂadctingphltd alfurtherect ed
to the centﬁ%gof a substrate. nozzl e source laim1

S a
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wherein the filanment is disposed around an upper portion of the crucible

to heat the upper portion of the cru0|ble 1?. The nozzl e source as clai ned

in clai e u\};\dg rﬁéﬁi%&t q%%&églralsggﬁxp %m 5 @ ﬁ)er&% %ﬁlte?tpeg l?quﬁts%f%cngtqpr atio

around t he crudms |nta|n uni T orm
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nozzl e source as clained in claiml, wherein a thread is forned, at or both
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bet ween LaolaflSGRALAL oARY tht ShnoRltn! sGiighA®, can be hermetically seal ed.

1) 14, nozz e source as alne Inc a|n11 wherein a central heating
portion is further provided in a cyllndrlcal hol | ow portion that |s f ormed

to penetrate t he ce ter af insertiqgn.port t he C|ble
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15  to control a stream of the chemical material directed to the center of a substrate.

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.

20 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

25  temperatures at the upper 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.

30
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15.- The nozzle source as clained in claim14, wherein a small source of
whi ch an upper portion takes the sane shape as the insertion portion is
further provided at an upper end of the <central hollow portion so that
anot her material can he contained in the small source and two materials
can be simultaneously deposited. 10 16. The nozzle source as clained in
claim1, wherein the insertion portion is fornmed integrally with the
crucible, or the crucible is constructed by connecting separate
internediate and |lower portions thereof. 15 17. A nozzle source for a

thermal yapoThd h@R1eNoQERSS claGAPPIni B4ifdL, wiidrdima eedttad ReAMptpoetionf i@ further
determ ni ng evaporation direction of a chem cal material, which includes

nozzl es pis¥idedéria aylindricalrhgilewdrortien talds famed topengiigiedbough the ceplspelcihet o a
verti cal L-ne; b bl : Vot Lth an
opencd uBROEhorilindine BHERR S i Rle GPEAL iRl \aR G, Rad GLIEN, b

i nser ti ofilap@nt areithe aghthéheaing portain dribe usingenlyethd ceiten dedtinggodiona il anent

that is disposed around the crucible to heat the crucible. 18. A nethod of
depositing a thin filmon a substrate using either an source according to

claim 17;9r aTgropySHoARBls BRIM B\CRRR @ WRBreRPHEARI sGREASH WHhiBPan Bpdek St
step of positioning nozzles of an insertion portion at the center of the

subst r at portion talies the bannmshaphasattf Bsention portivhés loghtrqrogdetatahapprsznd ekther e
directed outwardly to the substrate: .and .a second .st.e f, d i ting a
at or 1 o cogat flfou o pERl RS niierisf AR, RESHA i LR RRE Shi P8
subst r at gatedils £4n be simultaneously deposited.
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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 lower portions thereof.

15 17. A nozzle source for a thermal evaporation process, comprising:
an insertion portion for determining evaporation direction of a chemical material,
which includes nozzles inclined at an angle of between 5 to 90 degrees with respect to a
vertical centerline;
a crucible that takes the shape of a cylinder with an opened upper end and is formed
20  with a catching step by which the insertion portion can be canght at the upper end thereof; and

a filament that is disposed around the crucible to heat the crucible.

18. A method of depositing a thin film on a substrate using either an source according to
claim 17 or a conventional point evaporation source, comprising:

25 a first step of positioning nozzles of an insertion portion at the center of the substrate
or at a focation adjacent to the center such the nozzles are directed outwardly to the substrate;
and

a second step of depositing a material on the substrate by heating the source while
rotating the substrate.
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