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the Invention s The present invention refﬁmml‘mwmmml omc | a%r’!ltiggiz@i(}?n
(ALD) thin filmdeposition apparatus for deposidig a thin filmon a

sem conductor, for exanple, on a sem conductor wafer, and a method thereof.
2. Description of the Related Art Athin filmdeposition apparatus forns a
predet er m NEBPRATYSANSMETHUT FOR RPOSITING TRINFION GRSGARERhe vaf er
received within a reactor. This thin fiTmdeposition apparatus includes a
chemni cal vapor depositi (ySING/RTOMIC LIAYER GEROSITION appar at us, an atomic

| ayer epitaxy (ALE) thin filmdeposition apparatus, and others, and has
been applied to various fields for manufacturing sem conductor devices Thin
filmdeposition apparatu B .I 0 ﬁO. roved to nake a

hi ghly-integrated chip a ' managenment and
product{ Vit yrieRUNMNBInGENtiddE | NVENTI ON An obj ective of the present
invention is to provide an ALD thin film deposition apparatus and a net hod
t her eof , by Whe phesent invertionmelaies tyapateniciayercteresiiaalAldhpthirfitni sti cs,
a high purit In which_ inpurities are_renoved as nuch. as.possible, and an
excel | HEPRINON ABRREALIR s HRPRSING At P 7 e YoandugIaR,y fok BXARPIRIRT i vi ¢y
of man ] hAXDT \ jective of the present invention
is to ?§%°Whﬁ?ﬂ%ﬁnﬁﬁ?m Qgggﬁ%ﬁe%ﬁ apparatus including an exhaust

| i ne foR. conbDeacrptsiryoftherRelatedwyrta zs desired process pressure before and

met hod. o sbriNEVAM dRPosikRrtbesgTatts e 2 Adsreaned R0 &nicth peder Bes an
Feact or ST T R e e A e B B e "on The
waf er; deposison appatatosincludss &EBe@0&3 vapor deposition (CVD) thin film
deposition apparatus, an atomic layer epitaxy (ALE) thin film deposition apparatus,
and others, and has been applied to various fields for manufacturing semiconductor
devices
15 Thin film deposition apparatuses have been continuously improved to make a

highly-integrated chip and increase the efficiency of management and productivity.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide an ALD thin film deposition

apparatus and a method thereof, by which a thin film having excellent electrical
20 characteristics, a high purity, in which impurities are removed as much as possible,
and an excellent step coverage can be formed, and the efficiency and productivity of
management can be improved.
Another objective of the present invention is to provide an ALD thin film
deposition apparatus including an exhaust line for continuously maintaining a
25 desired process pressure before and after depositing a thin film, and pumping a
reactor, and a deposition method.
To achieve the above objectives, the present invention provides an atomic
layer deposition (ALD) thin film deposition apparatus including: a reactor 100 in

which a wafer is mounted and a thin film is deposited on the wafer; a first reaction
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.gas ‘'supply portion 210 for supplying a first reaction gas to the reactor
100; a second reaction gas supply portion 230 for supplying a ?qccpggg 29,03
reaction gas to the reactor 100; a first reaction gas supply |

connecting the first reaction gas supply portion 210 to the reactor 100; a

oas supgry Pl TR R br PRI 8" g58RAST bl o Tt Pddc R A FeSird e
260 for rey@pirygagsappll Mo 230 Fo0supElyind & $edtrd BHRAbY g2BUPGRe #84ktbp the

first reaction gas supply fine 220; 'a second inert gas supply line 270 for
suppl yi 1§0aa firsteneaction gis supphelinen220 fayacormesphg tke firstereasiton gas kepgkycond
reacti on gas ly line 240:. and an exhaust |ine 400 fo hausting t he
Gas i ¢ o2 PZa the rezgesT 100 Fesesind trection aasmuerY ne 248 0ec ot etbyes,
the pre ' | @i V4 W | ' - t4 W@éisusi ng a
th?sn fi ﬁﬁ@ég%@iﬂ?ﬁé&ﬁl@g%&%%ﬁy Fgrct u |?\ég;td;tﬁrée';éc§tcgfrp%jotdl f(rp{gt Ich™a wafer is
mount ed sapplydinen260 forl supipdying posner ¢asrfrarh@nvatergasasdpplg sourac25®to thes
supply portion 210 for supplyi a first, reaction gas t he reactor 100, a
iTat ~drstaaacion gn SURBBING 44 seepcbine A sty IDRE T 105 SUPBKITG on gas
supply ! : J rtion
230" or B neftihae g Tt 53¢ Bbpi o, 285R0%E SEoME feflion i dody

react i oninge10s @appl an exheus?2 ife 400 foperleatisting thieegaewithich theaetioon 09as theippl y
portion 230 to the reactor 100, a first inert gas supply line 260 for

supfpl yi ®4t8ieei nert gas, the flow of which has been zo controlled, to the
first reacti i ; [,ner S Vol | for
suppl yi ng anef;bng?ﬁeg%g% %%év%‘ﬁ%é/%ﬁye%ﬁﬁ%%?ﬁgesﬁtgrgveénntg)g\rﬁrﬁgﬁ@&aﬁ H;Bttﬁgrp
second rFi@gracidpesit@asmetiaal ysihg aeh#im dagositior sppasdtus imtuding & actohBacst | ng
the gas within the rector 100 to the outside. |In this nmethod, a first

react i onn ydch anafer gineuntgriand adkingemns deresised ea, thanefera first reaction
flowco i ner I ] J i r face of
o OBl bt SRR ol a1 BERbA GRS 1 Fed ot PRS2

whiLh hagatteengaostippllligd, 2200r icbanétivg tenfinsotéadionngas swssy pogion X€0l and
supplied to the ed?es of the wafer within the reactor 100. BRI EF

DESCRI P19 the tsactpEl rassgandsipartien gasviirply Bertione23Qiiad sypphinagescendt he

o of or r SHERERLHRRIIE RERE RO o PRR TRt BRI R o ngs i n

whi ch:  Zonnedfind-tHe $eciiBrelattiod gas suppineomion@3l wthameattoar 08t affirst | ayer
deposition (ALD) thin filmdeposition apparatus according to a first

embodi nenert §AStHEPp 480 forampling apiitertDass thhflewmf ydieh pag Heebti ve vi ew
of re i eIl [ S 1SeFI G 3
s oergugd Enfe el babfon baTsuBRATIre 5% AP REEAN Iebl gt Stery e,
plate i m?ﬂfef r sapplyorg arh ir@rGgaQ;thElfl@m;éf \i(\j/laica hasiseaerseomﬁ'cfitmi, tcvitrw];vseo;,]onc?e
reactor of FIG 2; FIG 5 is a magnified cross-sectional, view of the first
mi xi ng GRPEIQS 98 8uPRXdINg 240 andcan xnavssiing 400 Tor sxBAHStna thegas wehin
relatio i Ik erv L f e res id:igna thin
iimi s QesadBf IS R oLRIE Rl ety % ARFRA G HEGR F¥AET | o

t hr ough hmsvsdgernvedrimlield Gnd8he flowv-cartisdilesicotrtiayes arei raixedfarehsupdhedhtorthéi | m
deposi tion aggar atus according .to a second enmbodi nent of the gr esent

i neent i otPPessyrface of the wafer within the reactor 100. Also, a second reaction gas, the
flow of which has been controlled, and the flow-controlled inert gas are mixed and

supplied to the edges of the wafer within the reactor 100.

BRIEF DESCRIPTION OF THE DRAWINGS

30 The above objectives and advantages of the present invention will become

more apparent by describing in detail preferred embodiments thereof with reference

to the attached drawings in which:



,~S FIG 9 is a cross-sectional view of an ALD thin film deposition
apparatus according to a third enbodi nent of the present |nvent2c5h FEB 2003
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS FIG 1 shows an atom c | ayer

deposi tion (ALD) thin filmdeposition apparatus that can deposit a Ti N or

descri bed ash i bRararaempiE SR fhafrit ighbrest AR oed as
a fi rStdé@@é‘md)@apgeﬁatuwacdx@nr@@ﬁa fitst @RsdmEnt epie m@sla&nv@ﬁﬁbd\r is used

as an inert ferring to FIG 1, an ALD thin fil m deposition apparatus
i ncl udes a rEHat2is armexp@ﬁedmﬁésmcnyeanawfoéua reAstadép e AL%gthm fmn filmon

t he waf as s,2s termwas nade by the present inventor to
descri bgeE%%‘?n@B{) 'g}sef)hﬂ%c ed gas lines) for supplying a reaction gas to
the reactor g, B?é“é'n%&p@ﬁléagﬁrsﬁé&ﬁ/e‘kﬁé\n/fd% Shhiiddiplaiteanida d’iffué]bﬁ the
reactor 100 to the outside I G I's an expl oded perspective view of a

r eact or piate irhtheAleBctdriof RIGL 21 deposi ti on apparatus of FIG 1. FIG 3 is an

expl oded per ive view of th sor cto in which a shower
and ot at o1 ERGchis & cbers semionatin et B8 rapebor 515 81 "B 5008 Blad i<

a Cross-sect EWf tRe fifgtdnixlrig umit bf gryrf i ed
cross-secti oﬁfatPa%|ééev%\%ﬂlfné@ﬁdrs?fgngﬁgpﬁfwumt o? fﬂe re@c%or o Fr%wél{
Referri ofFt® 4#1 GS 2, 3, 4 and 5, the reactor 100 includes a reactor bl ock

AT N AR N SR e 0 R

i nstall spraying a reaction gas andl or

i nert gggeaﬂ%h@%st%gggﬁv%‘% E\QZ@ﬁﬁ%égaﬁlggwthl n the reactor block 110, on
whi ch a waf eFIGs7 skatved rdactatconnsined adithcla transfec imadulé tvesighZlvatndae?2 ar e

installed on_the shower head plate 120, and are_connected to first and

second conneEt®od '%?ﬁ@ssﬂ?&tml yiew plam ALELE fille depasien apraratisst and
second e reactor block 110,
and confooRiid 6% REPATY einbcRfifledees e RrEESI R T T °200 1 )2
regpectivel yFI@Bi 8 istacposseséititthad 9idw oharl ABD tin €im idegodilida ap@aratatsal | ed on
the connecting portion 113, and connects the first and second connection

pi pes 18ECHAUNG-t 3 1hird gmbegimentsaf tha @resBaVatioRect i on |ines 121 and 122
so that they are seal ed when the shower head plate 120 covers the reaction
bl ock 110. Wen the shower head plate 120 is rotated and separated fromthe
reaction bl ock 110DESGRIPTION QRITHE AREFERREEr EMBODIMEMNTSL1 and 112 are

separated fromthe first and second connectmlhnes 121 and 122. 20 At
| east two exlidst shewssan atemiadaver slopesitioRALL) ity i deRARIRD PRRAERses

and/ or t he
Dot t om T SR TR B raR(fRfh fifth R SYEReR, DiepBpilon Gt Tup gl o
upger s umobeloe deécritied aeaotexantﬂleclm bdder ts fortatTiNHbin et (To€ |, bﬂ; aséd 133;(33 and
t he shower, head plate 120 are securely seal ed when t shower head pl ate
120 1o CEUdPaRIObga RS s ﬁ%a&eﬁpéﬁéea%%%@ﬁwLé%{%?aw 110,
so t hat @ predeterm ned pressure is constantly nmaintained wthin the

react or Isock 110. Also, the shower head plate 120 covers the reactor bl ock
110 so that tRefeding toshiGh 1plaatAlD #inifimpleposdion apparatusenciedes @ reaictork 110.

100 for receiving a wafer and depositing a thin film on the wafer, a gas jungle (this

25 term was made by the present inventor to describe complicatedly-connected gas
lines) for supplying a reaction gas to the reactor 100, and an exhaust line 400 for
exhausting the gas within the reactor 100 to the outside.

FIG. 2 is an exploded perspective view of a reactor in the ALD thin film
deposition apparatus of FIG. 1. FIG 3 is an exploded perspective view of the

30 reactor of FIG. 2, in which a shower head plate is separated from a diffusion plate.



.The 'di ffusion plate 130, which sprays a gas during a thin film deposition

so process, has a plurality of spray holes 131 ) which are conQe‘{:tFEQ(%U@
first connection line 121, and spray a first reaction gas and/or inéer a

onto the wafer w, and a plurality of nozzles 133, which are connected to a

passage F]ré24|i§%dér895-%8ct§cﬂ'%l4/i?w t%ﬁtﬂze é&t&%}%lée@o%ﬁgcﬂ@?%%ia%abhﬁ%dlﬂ and

face the 1 nner side surface o e reactor block’ to spray a“second
react i ocrgsssectdinat viemeof thgefasomixind lnait exd s redctohef M&3.er. w. A first m xi ng
portion 134 for evenly m'xi?g%(a first reaction gas and an iner

d
flowing the MSEUING O aw Sph 4andSnheseastor 'Bpmsﬁqurtc@gggﬂqaf t he
i nsid ; LEf US| | at , i nFLGS. first

oo Bl bl BB, 8l siahalingt R0 BoBb @B o e el |

swig | ed 1a0duging ihgeant8 Ged 1001 & Wiiffekion plate eB0yinsiallederh et shawes hegaier Vi a
all of the s&rpafy hol es 131. Spray holes 131 are not formed below the first
m xi ng piRtei KXY fesspraying a rapetiens pas apdiardnart @asaand Rovafer R1agkasio 3 and 5.

Prefera ; My r di ffusio ; avi ng the spray
hol es 1 ﬁ*?gé({’]g/tjtgemrh}eﬁrae%cﬁiéﬁéq{eg?%’féri Wb%\magyr%lf%'gs%%?%@t a gas can be
evenl y spayediaehdideeondicohfestisn AGEs 921 tahel VI afe inBifledr &Pthe shidger

di aneter of the spray holes 131 is between 1 mmand 2. 5mm This di aneter,

whi ch i hesstplaieetR®ansearer cannectrd toiiist end siecond cannestien pees tHiandiImto
be for on th fer, w. Al so, the nunber of spray holes 131 is about 100
~s'to Tglg@ tgcbceoﬁﬁ& dJalslei " gi ameter. In this enbodiment) nore than 160
spray hol es ey firat BRY sedbfd EbARSCtRATHiIpRS 1af Arte1dp iarel alled 8hend 30

bet ween spray hol es 131 has the shape of upside-down T, so that thernal

ener gy freaator hipoket 1€, apdsannested to hedushand seeerchtenrertion lines thbaed head
plate 1 in order to prevent the diffusian plate 13Q.fr.om hejn

bver heatdd: TSoREhoy A & Sommt Fetigh: He. R Ciied 1197 1§ Jord| 79 ondhre
froma sepeBeting bABNPPTS iR dothecttheidt 8hakkeend @vAREctditpipBer 154/te
surface of the Teactor block 110, as shown in FIG 4. Preferably, there are
304400 rid2-Aodtbe 18 andchsedmndeaymotionrinedi 12dnand 482 soAhattheyrarefseatasti. The

Thert gat e hartua 128 EdindnEshrelt BRRR L 1o hee e s
head pl HedlAbie 50 Bl brd SapdtatethPomapetdadtion BGCRAMO, &k AP aRas a
structure in which a hole 135b i's fornmed through a partition 135a.

second connection pipes 111 and 112 are separated from the first and second

connection lines 121 and 122.

20 At least two exhaust holes 117 and 118 for exhausting introduced inert gases
and/or reaction gases are formed to be symmetrical to each other on the bottom of
the reactor block 110. A main O-ring 114 is installed on the upper surface of the
reactor block 110, so that the reactor block 110 and the shower head plate 120 are
securely sealed when the shower head plate 120 is covered.

25 The shower head plate 120 covers the reactor block 110, so that a
predetermined pressure is constantly maintained within the reactor block 110. Also,
the shower head plate 120 covers the reactor block 110 so that the diffusion plate
130 is placed within the reactor block 110.

The diffusion plate 130, which sprays a gas during a thin film deposition

30 process, has a plurality of spray holes 131, which are connected to the first

connection line 121, and spray a first reaction gas and/or inert gas onto the wafer w,

and a plurality of nozzles 133, which are connected to a passage 132 leading to the



,The 'waf er bl ock 140, on which the wafer wis to be seated, is installed
within the reactor block 110. A heater His installed in the wadel PERK003
140 to heat and so maintain the wafer block 140 to a predeterm ned
tenperature during deposition The interval (D) between the diffusion plate

130 d LSk f t
i 6. S EoriectbRithe' oy o tdhd 8 hABEG IR o B ch o ReEBor b ek R ©
speci fi to spray st sevondeaction gape@sididranedfgas dritothé etiges of treawafee veeen t hat

the specific resistance is the | owest when the interval (D) between the
di ffusi on pl AtfEstimixinggottins 14 tr eyesbkmipdang pdirsoeactiomeas andaeinest her

gaces, SR8 2nETinaF R Foae HERE ARG 35 iR lornidbie R EeRR AR Mg ! "

speci fi fsiRrsbBthendifusish WhsteEI0E alsBon WTEIGS‘WérY@BS TRetirshtdactiohgyge of
about 20 to 50mm and it can be concluded that the interval Dis an

i mpor t aAnd $he mﬁtrtma$ flowingevia thé conoectiongling 12% ee¢ swirted andnfixeédnarthe

i nt dt I i

depos: ¢ I ¢BBRA R AVBAR sPransE AT e Weter v B EF histStay V4R S2Li on' il at e
to which a reagdy ﬁ@legal%ﬂéresfﬂft%r%%@ﬂglo@v e st RI@Se peRioMM 34 rpthwaf er is

seated is about 50 to 100mm In the present invention, since the interval D
i s smal Hétusidraplaten 480, as shewpin 6IGSr 8 and ﬁjeﬂwerahi)stthe@mte eresgafstheayer is

g2 'spr Qi iete haSHahis By SrenkBolps: > risdSteer dhon L e he WalpER:
reacts wine, Sscead He%dl;?@p%ie%e{:}/ée’r‘r']lﬁ@ drlich @ftboe SPHGhreR Lhin =S fi1m

having a hig urity and -an rlca property can be forned.

A punpi ng banéferétElQ ths diasietdr of dhasprayhaolbe 18dfisbeblesk 1iddand e Pranpi ng
baffle 150 is nmade up of a sidewall 150a installed on the |l ateral side of
t he waf Ehl%qi'@m@t‘i%wh'%tﬁ epbtaineddm %\{qrah@mﬁfmﬂﬁfﬁﬁgﬂ QM3 8h e§9‘ﬁ”ﬁﬁt thigal hol es

150c ar I n o st
e s i B8 fofbd bR the RARTH, BUER AR ket 7 SRARSRSTA S IBFLIRG

t hat i sto 0000 Bechefitido mfeuﬁm@m@e@ctlarth;lsle:ﬁ&so@&r@nt Therestndeveld spra@aorsyd t he
bottomwal|l 150b of the punping baffle 150 rowdeasacem whi ch a

second PE:xfAMSE. gHie aipgsoe 'ﬁ@rofft"g%@'f%ﬁﬂ&ylé@t%ﬂ@%b@ﬁ’ée?rhﬁ@raYdTQﬁ%s d8fface of
e o CAELRinOLGbe b AoCRR SIS TOXE M thEARY dRrbDRol fRIWARPEIdAN 4 0as
ayer formed on process produc ur|n deposi tion
of a t hismdothimtramschittes esthroshavwsthatd plate dwmotdmno@fre\mrﬂlﬂn@dfﬂusmrare
slipped through the hole 150c. These gases pass through the exhaust hol es
117 andPiate 135 ferrameingawerdeatedsi a t he punping pot 115. When a thin filmis
de905| ted, H‘ﬁ F)r{oez? 3N|ea|a't8 tge %5@%3 Wﬁﬁtraggllz?or%dﬂ'ftr@rh%egeéo%cpe 1to
10t ort. In order observe an sure, a pressure

measur i RYxipgrgortion 166, ams ard elantesd aMafd thé tifner siudiesu:uea@é of theGeactdt F E B
2003 The reactor 100 has heat er s (f formed inside and outside to heat the

r eact or DN 159 ﬁ%frhqwn 'm 1§ fepRsfeadly. therernars Wrhadineéales tiserdndh&i N t hi n
filmis e inner surface of the reactor

bl ock 1f st be ag(;?%é‘é%oﬁm%goo C, and the tenperature of the
di ffusi on pl Jhe éle’iﬁndusbur@pckrﬂpn 185 fabeuvénly mMixihg ® s@éénd (éao&bacgasté‘r&:l waf er

bl ock 140 nust be kept at a tenperature of about 425 é 50 C, and the
pudi ng aﬂaﬂﬂt@afsefmd Betwesh: thgsegond seBngetipling 138 &nd tms(‘fhpwewgaé The
te”pera}%gzts 120, &s\Rbwhah'gl 9l ﬁf‘é%@&ﬂh& r%uﬁ th?fn 1%%3@% drdchgBsher

nodul e for 'supplying and transferring a er w nust be nmal ntal ned at

about l4hitlmahdle C€35b s fdmmedetaduyh 4 @Artitiom ¥35d.at e where the wafer w
transferred via the wafer transfer hole 116 is seated on the wafer bl ock

140 and heat ddnerwafer placket4d mnmulaichdhe avaferuwds t%b\eisre@feqvé%liﬂﬁt@lﬁcb‘dghié!nd/or

ai 11 ust e (a8 ESER T8 oh heRetFL el B3N il LERrMRA AN Bedindt 0 e

figst conaptdin e Wald blaé,lkmmdoapﬁ‘rée@t@ﬁnrrw@mrg@ﬁe@nﬂhgrd Bs#tibngas is
sprayed onto the edges of the wafer w through the nozzles 133 along a route

from t he secdi® intervaliD)detyeer the diffusion plate $30 @mddbe neaten kiack 148 1982, and
to th 132_The t d o f
i R A A i i, PR SRR ST R % SR Soi b o

depositing a thin filmare exhausted to the outside through the exhaust
hol es 117 and 118 and 20 the punping pot 115
5



,As shown in FIG 1, the gas jungle includes a first reaction gas supply
portion 210 for supplying a reaction gas to the reactor 100, angq F‘anEOUB
reaction gas supply portion 230 for supplyi-ng a second gas to the i 'on
gas 100. The first reaction gas supply portion 210 is connected to the

react or Lk ; ond
Feact | oftadeY By ahd Spetiie relisb e RN ucHRdh bf RiinZim, BRansfesdt 2

second treacthe spedifis resipngelis tite RABst AviarT thie inteeval (@ betwpph yhé um@s&ﬁﬂ

t hrough which an inert gas supplied fromthe inert gas supply source 250

f1 ows .@laé%ﬂa@@r@dthw@\%ébquks{)‘*Q Batdmdn Hawevenpwhen ether 99 litigRg far second

i nert oag sHRDlte |e AL0aRBEANOL 3] S ABCHASTadlih SURR) LatheaidLARL! he

inert gas s pply owWs 1§ connec Seco gas
sugpl y bf aevatéPblock, o2theHike We?@@ﬁaﬁ@@dfsﬁédiﬂd Rtidthate gakies Wark)owaitt i on
210 incl udes a bubbl er 211 for ga5|t\é@ a first reaction material, a first
react i ofhegitervalssD within edgangelaf @opuihRe)o @@mmoan%mancne corcluded thatihef a

val ves. GRotRG DS i B Sk Rk nrongHyde Srattginc Bhlbf finnd the <
first reacti qrﬂeQﬁ@‘erWQnHR tﬁl@rraﬁbé @é’\b@(ﬁpﬁfed)icpé lébﬁ@eﬁtmaﬂ Icﬁé‘rrﬁ’cfal @anr st

reaction gas. Athird valve V3 for allow ng or blocking the flow of the
first rdapositondeyaaactor irewhish mleenfervaltbe’twaema)dlffg@@dma@lt@ which a

tall ed the f t t 2 0 Th d t
0nd o ngEs s iayed AR Ftatat PN BRTE vATeis ST A B o ng
the f1 oWoBfn? RPHSHSBACIVBRISRSINGthATRIVAND i8 SRl hdiRtalRDtR3gr bt

controlling the flow of a second reaction gas passed through the fourth
val ve Vart, A denseHirstiieactinB gasrlayer isvwnmedonts watdrivg byhkee pressuné chadesbnd

reaction gas control] ed t he seco d reacti on C232_is _installed on
the sec 'P@aaﬁ%%wdgwegﬁw Sorave0 Tiorh In sprag MRlGssI S0 TRS AL all bt o
or bl oc I r 262 for
contr o [$8ichi\as etk fhacke BHAM +&Erd Rt Qasiod iy 1R So it Aifn 202 01
a sevenfim hamng a/ﬁlg’rmr palhlt;oahdgmoafxcblIenkélegtrtdaépfdpmﬂyocfarabe forendd. gas

controlled by the first IH%” gas MFC 262, %rﬁ;%l: on_the first inert

gas supply | FriRUDBIHG bafflad S0;igipsialled aeoupg 4 BPeOKMRING he
fl ow of g lin
the fl O\Pvgg?g%b !sﬁrgrahﬂ‘%f Ofg%?sdeeg/a?lhr ou lﬂbp‘:ﬁle el ﬁ‘ém%\%{%g%'d%gf tgc%Wa;é}Jm nt%
val ve V®ldobr14l, laowi mgotbombhald:kmg thrbeghlvmmbfsyanmetneaithqjas 166atarel | ed by

th d i t C 272, i 'l ed t.h d t I
|.ﬁeSS$8c5‘ od'vh o} sbged Ffineinepphi] SaeshatiarSan sist Ifses sipede, ~
OW naeﬁbv& tﬁéﬁo&&ﬁ%mns@@%f 0 Fhpindes A8 S0t ﬂqétl.%rdtrf@@éﬂamfo@tﬁ@e

ex aust I'i'ne 400 wi t hout passing through the reactor 0, and a second
bypass réazoeblockdriOal | owi ng a second reacti on gas and/or inert gas to flow

di | h 400 h th 100
Theti 13t bypheSeRaN 258a g e ekor pan MBS toshnBe A F8) Pre - °°
bet ween st hgqé 'arsséac%Qﬁ(Whleﬁ a%toMbEreddtforfBds En@/drhed g‘é@»' SpPapel] bfo @kl ow ng

or blocking the flow of a first reaction gas to the exhaust” |1 ne 400, and
an el evénmner side serfaud oBthe zackoribleck 003 caormerst @venly reacs to tee ﬁ@tt\nemtnqrhe

fi t i t MFC 26 dth th V7 f i
Lhe 11 oestaskl Tolasd opdnBMprery- oA Rigkass mRdusbeen RSt adthaldebhs el & o

290 has URELYY SSifide of BNRINMMAER s HipBedS F&{yﬁ
reacti or?qggﬁgml\/lfc 23§é J%t;the ?j:m‘tﬁﬁ;g\e/}g?é/ It’\1/ Por a Iovﬁl\n ng O&Jbs bﬁoc Ing the
fl ow of tlee heleohEDa. eBlesgagespass tHreugh el skhaustdod®d 1 1 dmndal 1t8hiandesat h
val ve V13 connected to the I|ne tween the second inert gas MFC 272 and

the ni n€XNa4$ted @ thePumpingpaly! bl ocking the flow of an inert gas to the
exhaust |ine C i are adopt ed
to purge thevlalﬂ%‘és?l thﬁ}ﬂ clj]%ﬂf&t%@] %?@é@aﬁwktgﬁﬁ%%@gﬁ@ﬂﬁ@%f gas fl owed
i nsonhi | engintavied taabe dftoal § forst Inosrdee (wodsemacdndoontes this @essurel & gas i s
exchanged nust flow directly to the exhaust |ine 400 without passing by the
react or PIBTSUrGIRPAIrESRAHPAIG0HUSiRR hstalled)wiBINGDEde@PORi n the |ines, or
when a new gas jungle is replaced. As described above, first and second
reaction gases, air or contamnating sources remaining within lines are
purged directly to the exhaust line 400 via the first and second bypass

| ines 280 and 290 by an inert gas, so that the reactor 100 can be prevented
from bei ng contam nated. Thus, the fir& and second bypass |ines 280 and
290 are not used in processes for depositing a thin film but used only in
specific cases. zo The gas jungle further includes a separate inert gas
supply line 320 for



,supplying an inert gas fromthe inert gas supply source 310 in order to
purge gases and/or contam nating sources renmaining in the |ines TIIF IB]?VUIUS
gas supply line 320 is organically connected to the first and sch) E
reaction gas supply portions 210 and 230, the first and second inert gas

supply tine 260 and r nd zs. second, bypass, |lin 280 and 290,
and the exnallt reguter fdohashealars Tt FHnelins i i avB5% 1 e inEeadtl o gas
lines f\wﬁéﬁwm\wsr&eﬂwﬂt@a Wtﬁs@n&?&ﬁﬁenV'vﬂmé‘wé%Nttﬁﬁm% i¥eypsivdd, for
all owi ng or blocking t l'ow of an inert gas to the first reaction gas
suppl y thertemperatlife ofitHe ihheestifiaceabf/theVfeactonbladd H10 rrgisbbebde@tkat agowthe flow
of an inpert g&iOEO tge second reactjon gas _su&;ﬂg ﬁr %230 a sixteenth
val ve skQ/% aPNEVe ferppemtyaiipe ditisionRiale 130 MHek ke ekt ta % first
inert g Yol i 2 t Vv, @%PCH bl ocki ng
thg fl ofvé%fdl gﬁél Fl:er'[“t“IIEO @‘% ng ?16 cfsag(cﬁ‘ﬁﬁdhl ne?%wégt H#a Eégf@@':‘%t% , :Em

ei ght ee4251t0/65®éC\/33&dfthe palmmmg baffler 150 mLIst bg k@pt atZéI témpeatdSf atvwutf | ow of
an inert _gas to the first bypass |line 28 a nineteenth val ve V19 for

th | owi NS0 33%199 nghe Iﬁmw@wr@fofeaqvatﬁ@l\te 6% betyvq%tfseer&ﬁ%prb%@sd Bi ned290
2
o1 Sacihiiet B 762 ferSiobiBa Bpf FatbdfingRR y B M BE ARNEBREE 5 40

i n ordespsutt1docioerro tOe reactor 100. In this enbodinent, the cleaning gas
supply line 340 allows a cleaning gas fromthe cl eaning gas supply portion
330 to flow tnothetreacteadO6r inl@state avhee the waferrwaranstarmrehyiasthepyafer i ne 220.

Th I I 40 | ud f t I

a1 owi e b e 1 Sheted G 1o weteLBiERR 440 'Eg'hélfﬁshéaé r@défegm«n@é, gas
MFC 3421 MaraRl} ré"flIétrI'Ea&thtgw géé"é/nefor?néﬂ §§'|§9 &d ? r Qugh the
twenty- |rst val ve V21 twenty-second va V22 or allow ng or

bl ocki nihrohgh fHeospraf,/ holed ¢aniof thegdisfusiomt platd 1330 bIorthmrmItedmrngwegaﬁst M-C 342.

The reactor 100, the first and second b a% li nes 280 and 290 and t he
cl eani n@O@heé?t@U@IP?ﬁ”rI@ ‘@%W%P@”Beﬁmg&% é?) aSeRa0srepshRn 289, A

th ttl | t 100
moour A Hat Bee b R R ot hEY g AP RIT U] pomed 128 e

of an exloagd sxlitg®dm the sasiral ¢@theatioh Im‘apexmaustthb|s@eoo46@onfﬁeemﬁryhrﬁén rd,
twenty-fourth and twenty-fifth valves V23, V24 and V25 for allow ng or
bl ocki n§22.rang I%WeoqaséﬁgéxwgusT'é%lf'@égnQrS@CQPQ69?9%%%94‘%‘%? e ¥30d OdREDSt

line 40

betvxeeng'mg%“% orﬁ %H %?ﬁ@ckwﬁour éér ves %@a%%f@%,pbgﬁﬁgﬁe
second {wivéEs aré @Qhé@ﬂeﬁ 30 ma@@i@tm@ugﬂnmé emad@ehmm 1hendwastand i fth
val ve V25 and the exhaust punp 410. In this gas jungle, a cold spot due to

uri@esi r B¢ RYABEWRA1J® occurring when a reaction gas flows nay be formed.
Si | d I fif o I
5 nee 20! SngRto PG B Ged PRl RRSRRS e Pod3RIPUL By Bl 1 T,

on the Pidds: suppdfing aeactibhgabeatios seauter IGIGIesmwleewryd rm»ahlgzt at as
many areas as possible along lines, and a tenperature gradient is forned

al ong e&epplyipgation 430 fprss B9 ReRC ongigas tofperaactian gaadPent s
establ i shed ifqheih II&? ga %Ggﬁgg%qrﬁrg%f‘z‘?ﬂ?gon&?%@t sy %P%c{tgﬁ%@(/ ag0. so

In the operation of t of "an deposi'ti on
apgar at fisst haadtivg gas buppigline @20 and thélsdcorsd temtioayas Supsy poamntimnsgas
NH3 is used 10 21 F E B 2003 as a second reaction and Ar is used as

an | ner FoRRRSted R EIe reastwii O VAR PECSHSACHER S8 LRENOUBHRED. 211 The
100 I 0.
':(ra:(r:]ts? :ar ri ngl'o‘:ﬂr\%g?\%hﬁéjs é{n%ﬂvatﬁ@zf" WH'CR a]n ﬁemﬁassé{ﬁﬂéi% IdEjﬁbrﬁhe waf er

wis s trfe’ﬁﬂgé@éﬂﬂﬁlgls@tlﬁcé bso ﬂcwstus)tori@@ctudaomenﬁrfsereaaftms@ﬁs ¢ lidkd6 usi ng
a robot arm (not s of the transfer nodule 102, and seated on the wafer

bl ock 12@0vmqh at&e@om,dﬂ@@rt @ap Supplytling 30 theugiamdicthpaierl gas supplied
tepper ahﬁfpﬁ&n@@ as al.ﬁ)[ﬁ) 2%8&#&% 18GS RASSTheMd IR SR BhefigPghd 650

C %o t
supply line 240.



of the wafer wis increased to 400 to 600 C. After the wafer tenperature is
stabilized, the step of introducing a gas into the reactor 100 4

performed. The gas introducing step starts-by opening the fi rsthaF\FeBV:?cQO3
the sixth valve V6, the eighth valve V8, and the fourth valve V4 for

several seco £ : T | i val ve
V2, and Ar gggéiﬁsrg%:é%f:ggn %%Q? 51%% Hebé?éég%? ?Q%I drﬁsna?ﬁugtglletggﬁl\?ﬁr gﬁ%% after
i ts anoarfirst eagtipn epiteaskebyfireordactibhesiass fibwedntrotier VIBC$@dQrfdr i nert gas

MFCs 262 and 272. An NH3 f(:;bas is filled up to the fifth valve V5 after its
amount FanERlne the Hew 6f abirst reactian @38 sueplinsisem the fuibbit 4lds apddirs2 Next |

an i ner i I 0 pnth
val ves onageebia VeRER L ah8 YA Mot o itlhoe BRI b amIEra L and B "
20 g eacfipst réQ&idrﬁgé@MF@QonAén&K)mg dradlbckiflg Wey fow ¢ st retitiongfss. i S
i ntroduced, the internal pressure of the reactor 100 is 1 to 10 torr. This

pressure is éduhidn@vey3ifaealpwisguerdlaekisathe fopynfithefiratgeartien gesed in the

reactor 100 opri at el eni.n rottle valve TV of the exhaust |ine
200. perantoErpERie it fidadhEr ueTMith 21 Hsifiedar Fodtosd rebiorseds o openea
after thlgpsiine ot ei ghth valves V6 and V8 are zs opened is that the gas
within the reactor 100 may fl ow backward through the seventh and ninth

val ves V7 andhe%esoed reheljorages supplyrpgrtiop@3@dnciines gafourthtvabauirigr step i s
fol | owed by a step of t ticles from bei ted dur
oot AR & EReRhahERLb TS sBEN oDl AP sERE] Bl D
film depgrd oraler ESRraNAY the/ fiSl & 4 Sécbrid feBctish dakHAAREHItRIcIgHAhEFHERAT | ON

preventing step Is very inportant. This step is performed by opening the
fifth vabive W& Atfiftrewalve Mbvier allowetmadbloskingrtbedlow of & sgasnd seddtionegbs nt o

the reactor 11 1 F E B 2003 100, ' n Ar s, i s, continuously flowed
nto ¢ neonalepy T Sechiit ferctisa RSP IREes Gt of irsaactdsackon. T a
Tid4 g ISiobRE g§6d into the reactor 100 before an NH3 gas is
introdu?éa, BEB{ r(%‘jytﬁ'e TiCl 4 gas reacts to the surface of the diffusion

pl & e 130, s Awikibhvajes &iGafoesllpamg of kieckisghipefloduct 3 suppliecinert gae ,a t he
ticle ti ti ep | f d d i bed aboye.

bar 1 ol Dt Bes MG 2550 SRR PURBShBIToR of RKEISy 9ay ERSerst BEPPRa 1 ¢ ne

di f1usi qaphahe Ve a%_@@le%t\]f‘élb@\/g%r aflohRy & BibERhgInekBIWeor A¢fRIFdI ngl Y,

in order to prevent particles frombeing genérated fromthe surface of the
di f f usi gaspioatrelled by tha fik3nge gasIVIF Ot 262 lare dnstelled ah tbe distdoeligfasr e an

TiC 4 gas is int Cguced, so that an NH3 |ayer is forned on the surface of

t he difﬁHEP@H"}ﬁ%‘? 130. The NH3 layer on the diffusion plate 130 reacts to

a Jj 44 gas vy &ntrevaiRb\asiss efioditid BEbIRRINGRBARVE bPA sObpRed fHdh §ad | and
the Tid 4 gas I1s prevented fromgenerating particles fromthe surface of

t he dif fsesooa ingrhigas MHC 27TRdoy cortralling the flowi ef@miaert gaspassedathesugh the by
the princi hat,,a_Ti O 4 ts t NH3, | ay: i ousl v. f or ned
the i t AIRbeEYa arkb ninfVals Yolhe alo Pl hieRkibh, 86 bl i et 8o ™"
later, $QniBAEd bYend isEtdndasert ?aQW@@VQdaFé PIBdIRRCHM Bk sacdritEingrrdarce of

the diffusion plate 130 or insTant aneously etching the same. The vapor
bypr odusupphyling 2h@di at el y exhausted via the exhaust line 400 to

25 Here, the gas jungle includes a first bypass line 280 for allowing a first
reaction gas and/or inert gas to flow directly to the exhaust line 400 without passing
through the reactor 100, and a second bypass line 290 for allowing a second
reaction gas and/or inert gas to flow directly to the exhaust line 400 without passing
through the reactor 100

30 The first bypass line 280 has a tenth valve V10 connected to the line between
the first reaction gas MFC 212 and the third valve V3 for allowing or blocking the

flow of a first reaction gas to the exhaust line 400, and an eleventh valve V11



.Zo the outside. A series of reactions occurring within the reactor 110 may
be expressed as in the follow ng chem cal formula: 2NH3+Ti C 4

Ti N(s) +4HCL1(g) +H2(g) +0. 5N2(g). After the particle generation preze%tFE@ 2003
step, a TiNthin filmis reaIIy dep05|ted on a wafer w by controlling the

thin £ pohnecad 1 B weth e inAd e el datufe, 267 8hdingd Pratiadie s
gas | N @rRewRpet Slockfd 1 thétﬂoqlp@rSéh IneMBGASto Wi SlhaR@s1hs 400! r oduced first.

For exanpl e, when a gas is introduced first, a TiCl4 gas and an Ar
gas are fi rsifhetsecomlbgpasmhmme QE@ hasatverlfth ivalvené12 cosmnected po thid tiee a

predeter m ned period f time, a4 XC ed. Thus, a Tid4
layer 6 m@ﬂffetﬁeowcpﬁ reagtn g5 ML 28aarauBRtvalis W B aIam BT s

tinu I H3 gas

g g\r ga Q%g%% uce Eegade'nto ﬁfﬁ Ei?ﬁ@‘g%ébg &thﬁ}éﬁ?;@%oséﬂggelégt | ocked
for a pvaaldet\aﬁmafrmiaqtm ta)tﬂwedfnetbetwe"éhdhaltd&cgad |meragas MFeC i@ &mﬂh@ | ayer
previ ous| for he wafer w there%(W rmn a TiNthin fil mon t he
waf er whinthXalvesy/o r-ﬁllgwmg\pgbiog&@,g the f Pr'g B@S&Cb qupblingr st s
and secgg steps Next, the first step is again perfor med to continuously
grow a thin filmon the TiN + NH3 [ ayer. Then, the TiN + NH3 | ayer is
changed to aTheftdt dhdlsédohd Byerss Tines &80 afid 200 @re edoptbdsioqiurgs thetihes med
to forma Ti N#Ti NvTi N+NH3 layer. A TiNthin filmhaving a desired thickness
ca® be WEOE thewasiunglse mhens small amais £f gasHioyer iR whulg @ Mmatariaepasfitston

Dalves: ohSaftild Bt Wy ol BH D48 84 b ao R Rl BB ARG N o v ar
al ways epedust Whiel 4D0WItASUtERS Sy t@pmel gt 300, wrfeadalceﬁtanﬂhatm@soumqgor

100 by opening the sixth, seventh, eighth and ninth valves V6, V7, V8 and
V9. ~s sepelatedwitbitihiedings) Qéwgmasn%@@édu'b@lﬁdﬁéeﬁ'ﬁ@e@ hird val ve V3, so

{11 ed up t oAbREsPPRg apbPbtteandRerald ed Riidf¥RsnaF olbniinglies”, .

opgned b@u@:@edemaimhgk/vutrhaﬂmﬁe@aregp@rgtea dui‘vi:tuyeacth@éxﬁéwst liheesOEegiandeval ve V2
is closed. That is, a first reaction gas passes throutﬂwthe first reaction

gas supfrs andriecepd hypagsiings 380\as bAaﬁrlaeag@Sbg@ doe reactgadoo

gener 2 e B ARG e T ST ke (PR SlB Bxes Tl
val ves Y88.and2Zbartk h@&seﬂqnwatmdsher abpysitidg scthirbfich, eacke@niainli A 4

gas flows to the first reaction gas supply line 220 via the third val ve V3
after is6Be¢ifig®apas.controlled by the zs first and second val ves V1 and V2,

oo o0 Y 9 bR helichsld e RER 4L QU LS VR " voLte

and f| ogapplgirgen irertgas frdAthe Ther griststipplyasoarse B10 infordeQodpirged giisegass
through the first connection pipe 111 and the first connection |ine 121, is

evenly ﬁm@ﬂ CQH&%“W@F'BQ iSRUEQRS remainingiin theyliaes. pdheilnert @83 sURRl ling &enl y

spr ayed tar t on gas
S Gont 15 fapt I RL PR BAL Ao 1L SRoRe 1oL Een Ba subB BEReRIO0T 7
t he secend mme first gad seupph ynért pas 3dPplyi imest2z6T and B70afhedirybatd Ar gas is

13 21 F B 2003 controlled in its flow, passes through the ni nth val ve

VOZ | s ﬁ?ﬁ@‘(‘ﬂ Rypasslineg-88¢,a8d @90; Ard é*&@ﬁhav%zi@ﬁ"cﬂp gE%e N[she9s sHaRly240,
and theﬁpél?@bsistcg Q&eﬁqﬁfq% rllﬂ%?Qun%En Y[Fhéﬁ""é@bﬁ & coneegld" 4y pass

t hr ough e secon connec Seco Rect] of |ine 122,

I s evenkyurtaereld vaneeV 1@ e ambW}ﬁ?g aﬁsmdmg thierfpwoof &m tmerflgas tstrnfikst s spr ayed
toward the inner sidewall of the reactor block 110 through the nozzles 133.

Here, | feafiofy@asesumnie porian 2He 4 fiteensh valve i 2 feraaliquing osbtaaksng thsre, t he
fl ow of 4 flow
of NH3 |f Igwﬁﬁ%gr&aﬁr e%)é%g()%ig?abb %S Sﬁsﬁy gasafgggﬂeé)r%ﬁxgdﬁmv%ﬁ%an NH3
gag i s V16 for allowing or blocking the flow of an inert gas to the first inert gas supply line

260, a seventeenth valve V17 for allowing or blocking the flow of an inert gas to the

second inert gas supply line 270, an eighteenth valve V18 for allowing or blocking



B60SCCM or nore. These val ues are obtai ned by several experinents. Wen the
flowrates are at |east as described above, a thin filmhaving a h1 QPE%EZU(B
purity, an excellent electrical property, and a good step coverage ca
obtained. In this enbodinent, an NH3 gas is introduced at | east one second

after a i ' e hO, - L6 4 an

i nert gégéﬁpgl | n%'r!) lﬂﬁé% @?‘g’ ffﬂeﬁg%%%tlgﬁ%%,%a%ﬂh%&ggﬁ %ar{g‘%ﬁlé%r}gﬁe

Ti A 4 gadlowing e bludkthgogledicy anahihilerg gas it thé sveshd bypadsing egt or 100, are
at aratioof_1to l.2 0 reater. The ratio of the flow of an inert gas

p
i ntroduced vikEhe gas funale furiaringltges @gdegninpgas el ne 840Iconnettedrtoi ner t

2o%, 0 RS & BT SCER Ser i tertiin SBRnbRY e d 28 AN U obdReF ¢ oo
f1 opi ng thagdaimiHé ndartdrns epanm sRBEkInREhtIfe GEBRNY dds"suppP|indBys thin

fil mdeposition is achieved by consecutive gas spraylng to the reactor 100,
and t he allowsed sleaninggas froMm theecleaniogaas supply podionedBe tmiowno the reactor

approprigte si.gnal exchange and contro etween a pressure neasuring
portion d _jv'?éﬁeime@_a%%'?gaf ﬁ{jpaﬁ’t meoé%c_?e valve. Therefore, the unifornity
of a deposi t erhd BieBnfrid §ad §%¢ﬂpﬂiﬂ\é%o Mﬁldfoi%lsﬁ@l Msé}htwﬁ'rétlxidhbé'w% fgeposi ted on

a wafer, C can be contained 1n the thi I deteriorates the

—

, I nce C
purity aalidbweh@or blackingtier fiaw ef asuippiedtlemnimg gas, 4 cleanind gagMRC B¢g29bep i s

Tarve vEy i Btiowet 8 Rrarida dgr passodliyoyad tha ReSheiehie kA2 A and
sevent h é/ﬁb%&ﬁ?-s\ééog?@a% Vﬁ@%ﬁ@i%?ﬁﬂf@kﬁ%‘hﬁgﬁy M%léé}ﬂng%asa”d the

fourth an th valves V4 an r gas and~an NH3 gas
ar e suppandublied biyAhe cdariing gadsMBAB 34% reactor 100. Then, an NH3 gas reacts

to C within_jthe TiNthi iI_mforped on the wafer, ther produci ng an
HaC The: hol| 1 sasiisTod) tiﬁ%fwﬁ@%%%q%@.bmﬁsg%ﬁsr?é%%ﬁgg@@w B&n be

onmi tted c%'é‘rﬂn%@%s%@nﬁn@@@ar#r&oﬂné&bﬂ Jg'tﬂwg‘e&ﬁaéﬁflfde%(%‘f Wihtdite vENRD
when a conpou gas ntaining Ta I1s used as a first reaction gas, and s a
conpoundingasntoleabnitme irterrad pressamploé theareddtd G measurstklly g pressamnd
reaction gas, .a TaN thin filmcan be deposited on ahvvafer by the net hod
descri beBSAHHING PAOBC f@n%ﬁf%ﬁ they amRuRl 8 3 ERNAYSIRT @SSots Ipiged

PEPr 2 PEPEIALAGIAG 4o LSRGy AR L bho MHBMARAIAERNL |
t he sand/24 ang M5, for allowing or blocking the flow of an exhausted gas are also installed
on the exhaust line 400. Here, the first bypass line 280 is connected to the line
20 between the twenty-third and twenty-fourth valves V23 and V24, and the second
bypass line 290 is connected to the line between the twenty-fifth valve V25 and the
exhaust pump 410.
In this gas jungle, a cold spot due to undesired condensation occurring when
a reaction gas flows may be formed. Since a cold spot badly affects the process for
25 depositing a thin film, heaters (not shown) for preventing generation of a cold spot
are installed on the lines. Preferably, the heaters are independently installed at as
many areas as possible along lines, and a temperature gradient is formed along
each line. In this embodiment, the temperature gradient is established to be within a
range of 40 to 200 °C toward the reactor 100.
30 In the operation of the first embodiment of an ALD thin film deposition

apparatus having such a structure, TiCl, is used as a first reaction gas, NH, is used
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In contrast to the first enbodinent in which a TiNor TaN thin filmcan be
deposited on a wafer, a thin filmsuch as a WN thin filmcan bgf']or]:rﬁBfQUQta
t he second enbodinent. In order to achi eve the second enbodi e t

reacti on gas supply portion 210 in the first enbodinment is replaced with a

St B8 SR RasTo HEC! I PRF 14 Q0L P R0 an Ther aks THRATHAT g3 ssuPDl ¥

portion es a Sal 1 W n "o'ckl ng the

fl ow of c@ntfairiédlrftﬁé(ﬁuwrer@flsl and a first reaction gas I\/FC 512 for
controlling the flow of a first reaction gas which has passed through the

thirty-first Thelreactgs1 007 eombinad wéa@ttrmsfgag\osiuiﬁ)ﬂ 92 firsupplyisg@nids
connect t. he th| d val ve V. s us

E I das tﬂ rial ,of aflrst
Conee T o fiagiferiing allasfwh & v vallk Ao Al SPRWRIG FIG T Brdhpds (he™'
used astr@n§1%$@&ﬂnfc?ﬁ‘féﬂe%@1cﬂaﬂ%o GEL \ﬁafef\rt ferifole'99e Lﬁs%@a rbsstrémsagf%tan -

Deposi tion of WN thin filmis perforned by alternately introduci
gas andshoWﬁ);ofgm transfet rhnedukeambrarﬂﬁsbatédrorﬁk\arvyﬂfer blooa 40 WF6 gas i s

fi t trod A t dt he t he WF6 i
el uded: | or VNS i walardy is seateBion B Eater PIREK THO, 1R fePRsraliiast ther,
VIF6 | ayWaf rsbIBBIE Wﬁg |r96}859§s% ﬁ'fa 4 b§4§5’@é§§5$ s@ih@f"tr@r rmrgh I's

conti nuous I ntroduce ste N gas are

intr odueaeché Wlﬁﬁrhﬂs nn@r@hs;émetofziooy\tocﬁocaﬂc Nlﬂt@aﬁe et t@m%iamé i€
pr edet er m ned Eerlod of time. The NH3 ?as reacts to the WF6 | ayer formed on

t heo waf stabilizesk s steprofiiptjoducing @mas Nt theoreacker 14 rperfiataedso i s, a

fr ot ston 1 B AERARENGER Stdlsit aeebedRe AEs s, 7 e ik e
VWAHNHS - hay &rie eymmvaltvba/a/\wwaelfauﬂﬁ vhieOlMa Agtesh Viealas OB WHenl ayer 15

21 F E B 2003 Thereafter, the second step is perforned to forma
WA VR WRIIRbBIEd Hﬁéf gasTisdilisdoureto thevgecondvalve M2hand A gesdsdilleddiptthitbRness

i qegauRuPAndhT UERes 8 At Pateres Rl i SeR o R B s auBR how pe-
degcri begk st Ianaesfe%bﬂa%r& QaEIMFCY262s2re PAfNHS RES 18 HITBE AlptoaRe fitse i N
FIG 1 denote the sane elenents. In contrast to the Tirst enbodi nent in

whi ch avaive \bb aftanits ameunt isaperephstale posireked by the ae¢and reactinhmgasi | m such
as a TIII}@'E INfllmas well as a TiNor TaN filmcan be fornmed in the
third e o% In order to achieve this, the third enbodi ment further

i ncludes a HNéx«d are el gaf&w@éwmwtr@féacw fitPtHrengts tiP b dHh andhi r d
reaction gas Tri Methyl Al um num (TMA) to the second reaction gas supply |ine

240, andnirthivelvasVi eadiVbnBetese augas i lptﬁ@@wmi éhe Int@rn% wEpssure @f ihe ouL th
redt | onefdl (eI R e ARG HHa¥BRe L MY el dSens b,

al | ow nﬁh‘\t@FnéﬂpﬁPé&dﬂ o tge Féantorof0G lepPtd ¢d thi2, Tamé ws‘shré RacttafiediastHg-C 612
for controlling the flow of H2 which has passed through the thirty second

val ve VPressig measvringypartipn d60dnstalled i the reactvi Gyaprroprigtaly egebing f | ow
of H2 C?}% t%l {tFedVQ\\/e t'I'lQ)eof the exhaust line 400. Here, the reason why the seventh and

ninth valves V7 and V9 are opened after the sixth and eighth valves V6 and V8 are
25 opened is that the gas within the reactor 100 may flow backward through the
seventh and ninth valves V7 and V9 when they are suddenly opened.

The gas introducing step is followed by a step of preventing particles from
being generated during deposition of a thin film. Particles produced during
deposition of a thin film deteriorate the qualty of a thin film, so the particle

30 generation preventing step is very important. This step is performed by opening the

fifth valve V5 at least several seconds before a TiCl, gas is flowed into the reactor

11



fourth reaction gas MFC 612. The third reaction gas supply portion 620

I ncl udes a bubbler 621 for gasifying zo a third reaction materi2 pEtEpma
reaction gas MFC 622 for controlling the fl-ow of a third reactidon gas,
thirty fourth valve V34 installed on the I|ne bet ween t he bubbl er 621 and

the thingor %ﬁé'a?ﬁ”Arg &%rﬁl rt‘ng';yltfé\'k %&%tﬁ&k‘l 5r{b‘3lnftrlo@WcE1f éd‘e

third reactlon Iovmn OCkI
t he roNH)jfgashmt(b thefdaacmxctdmn gas, whi ch has been controll ed by the thi rd
reaction gas MFC 622, to the zs second reaction gas suppl'_LI i ne 240 That

is, inthis éftamlmgés l&lr&mm@ﬁdn@at@ecr@ﬁp&rﬂmdo%fomarﬁé\t 03iBal el enent

gas. o WSGHRH pBR R the 17 GBRTREPE. B Te +2f1ac® ART Ui @ 330004 s -
fourth keaeH @ﬁemés ﬁ'arhitléshaé ﬁyﬁm&fétéﬁﬂ{ tHPé t|m|éetﬁé1pért|fsld geneeEsht | on

appar at us haV| ng such a so configuration is al nost the sane as the first
enbodi mpneverﬁtmgu stepiis performeed aamprtb@d abeveetParticles gay ba veryefime 2003 |1 n

all of th d b d 4

cont a1 nPAESE PERTKCHEELEN SRR T me qliusioh 8% P50y FHBRISM ™S, , o
reacti Orthéléﬁfusﬁw\ﬁlé@é ARED®Yi n@?slﬂsoraéﬁtd)éré%ﬂﬂpéﬂlc‘lé!a?frémrﬁéln@ @@ﬁbra}edgas

O her gases such as He or NZ | nst ead of gas can be used as an inert gas.

Al so, offtosn thmawtﬁamjo%tr@a@ﬁsmpncnlat@u‘r&p rqn NHggasds mtrcedmﬁ%egasal can be
used as a seﬁgg d. react and.third errb%di ment s

o
o o Ao DR A b 525 hBpRSedisciliet RIS 185 i rCpredat
i nventi %ﬁrfa@é dr thd Uffﬁfslﬁgla%qgﬁdﬁrﬁqu %}/&%ﬁe{ﬁetMSIBﬁ‘b@até 1) @actLle i n

a thin filmdeposition process, a mxture'of a first reaction gas an I nert
gas is @Tl@ggamwhmmsmah‘reducemdurangrrealLde@osftumfm-lmugaknamdtheTerst gas

is sprayed toward . the inner sidewal| of aractor bl o e in raI
bot oo Basds praiansed Fioat BonRaRoveaF o Rk TE SHERS R ALe ST ABBTZS t o

50mm sqagghat several reaction gases react to each other while being
sequentlal |y conpressed down on the wafer. Therefore, a Ti, TiAIN, TiN, TaN
or 19N fi | m halnengerrgtiopuf fing pashcies hepteventad by the puhcipbcthat astiCésgasand a

000 St BNl pes Pt edhed S ol T RS 10 2,
that gengLRLESR 9h HR:‘?‘Né r48 oAb RFibRHaYRI! §<Sjthd'f‘i'ﬁé 'Tﬂtl”@"a@ 18 arbdwﬁﬁe@as s
sprayed to a reactor after deposition of a thin mis conpl eted, or
during deposéadting, tosibetslulafacéilof éhxe gitffusgprwplaté A 30tos |m$tlantahebnrskya&tchlng the
same. The vapor byproducts are immediately exhausted via the exhaust line 400 to
20 the outside. A series of reactions occurring within the reactor 110 may be
expressed as in the following chemical formula: 2NH3+TiCl4 -
TiN(s)+4HCI(g)+H2(g)+0.5N2(g).
After the particle generation preventing step, a TiN thin film is really
deposited on a wafer w by controliing the flow of a TiCl, gas and an NH; gas into the
25 reactor 100.
Deposition of a thin film is performed by alternately introducing a TiCl, gas
and an NH, gas into the reactor 100. It doesn't matter which gas is introduced first.
For example, when a TiCl, gas is introduced first, a TiICl, gas and an Ar gas are first
introduced into the reactor, in the first step. After a predetermined period of time,
30 the TiCl, gas I1s excluded. Thus, a TiCl, layer is formed on the wafer w, and

compressed by an Ar gas which is continuously introduced.

12



‘be renoved. Thus, the electrical characteristics of the thin filmcan be

derfebiB i2003
(ALD) thin filmdeposition apparatus conprising: a reactor in which a wafer
is mounted and a thin filmis deposited on the wafer; a first reaction gas

supply porti mhte%recﬁHBF}.lté(éj% Iglrif;g?%tpqr{/a?%ghg%gs%ééﬁt?oéu d t%@ég\gerri oﬁi second

| nproved. 17 21 FEB ?_003 What is clained is: An atomc Ifayerz

reaction gas supply porti econd reaction

r eact or supply iof e NERaisas biked fpph Yrédéterhipedosariatof tirget Mtef NH
gas supply portion to the reactor; a second reaction gas supply

i

e
gakeacti on
I ne for

connect ia@§ts ietheetiGhdayenpievisisha f%ﬁmwtf@o\fl@ﬁ%r\ﬂ;-ttbe'ﬁ% foeatgon TiN f i rlst
i Ly, Line f | yi i nert i nert
sour ce o0 TREBipewiiat s  BifREs2 Tty diNrs Fver SowedRy Wreitisgadfa ity ¥

l'ige fopng4BRbYd B@pshe inert gas fromthe inert gas supply source to the

second reaction gas supply line; and an exhaust l|line for exhausting the gas
fromthe reablest the fittstel B adaim performed po soniinuowp grew ashiv filol an e,

gasi fyi RO\ % Nits Ber.cabenoReniics e M8t chanagars et T ier ot v st
) f | gty st e
oAt 1 OfgaRERSRoldcRHA NS Rldtola R8RS TNAGTILEH, Byeka Fiy st

reaction gas su I e ;o an st valve tn I

ed on a

| i ne bethive&m hiagingub Hesired thickriessfdanstie bbtaitédby gaseatrgsthid puwoesst r ol | er
for allow ng_or _E),I ocking the flow of the first reaction gas. 3. The ALD

thion film depbis

INdhIra il apesition PEpcass 9 performpd byligsnatehngreningiand val ve

i nstal | eflopiy hBGnth Ak HFARILAOVEZhAYBIN ¥ dibiiwidle Ab!HRY Ak Rludd ocki ng

the fl ow

valves V1 and V4 are always open, while an Ar gas is continuously introduced into

the reactor 100 by opening the sixth, seventh, eighth and ninth valves V6, V7, V8

and VS.

15 Here, the second valve V2 is opened before the third valve V3, so that a TiCl,

gas passes through the first reaction gas MFC 212 and is filled up to the third valve

V3. Thereafter, when the third valve V3 i1s opened to send a first reaction gas to the

reactor 100, the second valve V2 is closed. That is, a first reaction gas passes

through the first reaction gas supply line 220 in units of valves. A process byproduct

20 gas generated during reaction is exhausted via the throttle valve TV of the exhaust

line 400, and the twenty-third, twenty-fourth and twenty-fifth valves V23, V24 and

V25.

To sum up the above-described reaction, a TiCl, gas flows to the first

reaction gas supply line 220 via the third valve V3 after its flow is controlled by the

25 first and second valves V1 and V2, and an Ar gas is controlied in its flow, passes

through the seventh valve V7, is mixed with the TiCl, gas on the first reaction gas

supply line 220, and flows to the reactor 100.

Thereafter, a mixture of TiCl, and Ar pass through the first connection pipe

111 and the first connection line 121, is evenly mixed once more In the first mixing

30 portion 134, and is evenly sprayed over the wafer w through the spray holes 131.

An NH, reaction gas is controlled in its flow through the fourth valve V4, and then

flows to the second reaction gas supply line 240 via the fifth valve V5 An Ar gas is

13



.of the first reaction gas controlled by the first reaction gas nmass fl ow
controller. 18 21 F E B 2003 4. The ALD thin film deposition

claim1l1, wherein the second reaction gas supply portion conpri sggpﬁggm
valve for allow ng or blocking the flow of the second reaction gas; and a
second Polth S I FOhd fljaw e
Second PPNl RS nER:Basqd A e bt SovEND: TS TPt NBIYoRk JriT
thin fithe sequoel taaationgaarsappdy e 248 amdthdrufidvasto themeacsormPG Nekt, la val ve
installed on the second reaction gas supply line for allow ng or blocking
the fl oMigtre AENEL@nEAT RS thsaughthesrtans cenastioprire dd8nd tbectacendgas

s 1| SnASAId D22 G U8R R bl HPABSLAAAG ARRRY BOYBrPfas 2 ™ L

wherein I'Tst 1 nert gas i ne conprises a six ve for

al lsowi n@ndlis Bprsidiawahe thd Pined idewalngTlthe deater bicdbkst 1 BtHrbugh thenert gas
mass flow controller for controlling the flow of the inert gas which has

passed NRZYEHH3Bhe sixth val ve, and a seventh valve for allowi ng or

DL oK! g, e B el et 935 iy B BRETS TSR bRt ot
of cl ai Bf 4n AMhRIsSobd RFXRPERAEG Ti08] §adRS5GSORM of dee A8 fIONTBF NFE$s an
eighth valve for allowi ng or blocking the flow of a supplied inert gas, a

second PRASCICN &5 merss anddhe How ofan Ar gas ito bemixed withyam NH fgasvsof the inert
whi d t h the ei h i.nt h, val f

P Fowk nGOSENBERRS. THARE VR F o 8Pl b Sev B eRo BBl Bl B 1 e vy

the secqpg fafey &redatSeBBSSs HEQNBRABAlE, %rthirﬁﬁcilinirr E?vi@?% ﬁ@h{bdrltb,}[‘ér@'epos' tion

apparatus of claim11, further conprising:. a pass |1 ne for allow ng
t he fir skcelbsd ielenirigaiprapdityrandergoogasep coférmgelsn b obtdinéd B 2003

directly to the .exhaust |ipe w thout passi thr the reactqr, the first
b;/pass I>/i ne ﬁfbﬁ]'ﬁé"&lﬁ){@ﬁf’h{?\%‘m&ggﬁ |§|q§ﬁé}uﬂad(ﬂi?¥,§%men§eqqqg aﬁ’fe(gv@ of tlhe
first reqactige8 gagciu@eline exhaust line and an el eventh valve for allow ng

or blocking™the flow of the inert gas to the exhaust line; and a second
bypass | i ne fAdso,a& tonsitiog when a diChdasearnct aninerhgasmde tracused igtstheo f | ow

directly tqt h i i t . ing th h th
Cecand Bypaet 1o rANge Hhegter whinilfr 16 o818 e G BE b0 AR bl he 11 ow

of the geGRANnICREleaBtdaRO! ard B PXHREEY thHBoRGrealet i rteenth valve for
al l owi ng or blocking the flow of the inert gas t0o the exhaust line. 9. The

ALD t hin fil rhhgeptisiafitios flaypafrant mertdascintioduded via thiedirstioeprgas suply

te i t | i f ing.apd haust i th .and/
cont am 3269 o306 B4 Sran inaifons InRiReded e SR bege LY 1P ne
or gani calzbys cenfiesd 9ot 102 To'ﬂ@réétéﬁ,tm@F@er%%deﬁﬁ@@_{rbﬁ?ly%ﬁu§iBFbDTbCIEQEEi ons,
the first and second inert gas supply lines, the first and second bypass

| i nes, &om flowingibacketardivirethel Seconsereaction igiag stipbiv e840t i on appar at us of

claiml1, wherein,the first reaction gas.is Ti.G.4 [.ac ound gas
cont ai ni ng TAJ TSI T ceBeshin i sEMiesRa fyiodhserptive 84S sHayd TR 1 11l m
deposi t ir@act8PPe0 a4ntS tH pdcakptessUpe betHe Fdirtdr ik FhaiAtdinéd tbastadaby anPP! Y
portion conprises: s a thirty first valve for allow ng or blocking the flow

of the fEPPEIPriaiasignEh eyakangmand chnirgt betwgen dArefesirereastriog pestien anfler
for contrplling the flow.pf the tirst. s reacti.on gas,whjch has.passed
t hffougn veREStEHEY s PEEU Y. Thedbrote, dRaTRIBNRY BT FHeRdstas RBTTR s
appar at yapafveel ai m 11, wherein the first s reaction gas is W6, and the

second reaction gas is NH3. 20 ~ ~ DEB 2003 1 2 13. The ALD thin film
deposi ti on apiaieruENdhirctila is dgpdsitediosy a saien i(dicag:be contained in the thin

film. Since Cl deteriorates the purity and electrical characteristics of a thin fiim, a Cl
removing step is also important. The Cl removing step is performed by closing the
30 third valve V3 to prevent introduction of a TiCl, gas, and opening the sixth and
seventh valves V6 and V7, the eighth and ninth valves V8 and V9, and the fourth
and fifth valves V4 and V5. That is, only an Ar gas and an NH, gas are supplied to
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s a'third reaction supply portion for supplying a third reaction gas to the
second 4 reaction gas supply line ; and 5 a fourth reaction su y tzﬁﬁa
for supplying a fourth reaction gas to the second s reaction g E%&By
line , wherein the fourth reaction gas supply portion has a thirty second

fourth T feattaTa o TREn P KA Rl P bR T B B o e

fourth Wemﬁﬂn@’ebbl@ocﬂlﬁﬁg!dntmcmﬁhe HG i$ bkihaysted toeﬁmodts‘@é VEhisa@ld a
thirty third valve for allow ng or bl ocki ng the flow of the fourth gas ,
whi ch” h&8Me¥Ew %@Fﬁtcﬁﬁlhee‘émli?dt\ﬁﬁefﬂ g eonteahiet Cbin N filBds sUbiFiadivtlew | er

12 13 14. Th f ein the
third , 4 reagl hr?v%%Hsgscl?H lﬁ%oé% %d?{ﬂaﬁp@%q% |H§%§ ascé ?Sm%g%ﬁwgﬁ%?%df or
gasd fyl &@n;bdihrﬁcﬁgé@@@hﬂaﬁrﬂngw g6t ékarhplef @hrNHJ]Qaé hé Uded%%cé E@foné gas; ,7 a
third reaction gas nmass flow control ler for controlli ng the fl ow of the

third , 8eaction gah ayhaNsbindilinecart be epnsitedipblaevaiee by the raethhdescribedt h
val ve VSAB installed on a line between the bubbler 621 and the third
reacti off Gé{g' mass flow controller for allow ng or blocking the flow of the

third reacti ghssorfiPérnbaditherd cﬁahhALE)thh'fflﬁwrhéfﬂisﬁﬁanva?'&pér@fusaéédﬁwi’i‘t@ tr

bl ocking the flow of the third reaction has been controlled
by t he tthe pdesashnventiogaell messbé descrdusd wdhlrefte,remcce tchelG et ohbe 3éameeact i on

| | 240. 25 fil d f
TS m L ReterraEniiBraiS AsBods in PR { EntigBeisertp BRI gas bontai ni ng a

transf er ﬁet%csgﬁa?nb tﬁs'fiwté%ﬁbé&.m@n& 'i}?w%?cngé TN of TN Hirh ity @b Pe, T@ and
W and the second reaction gas Is . 21 F EB 2003 1 2 16 The ALD

thin fi Idap@simed oma)waﬁqmmrﬂandetmcs‘uohlaa szM thinfdmecan badotrhed th Bier ssooinidon
as is TriMethyl Al nd the fourt ctio as is H2. 4 5 17.
Ao® ALD ETHOTIER. (TR 1 AohEy e 3 sheo HANEY e st ERac o Bamar at us
s inclu t filmis
ggéﬁsg PhdE8RA0 ihQRe pF'st‘MPht%Bi%e?@ serg |a%é6%'m %dﬁr@ﬂféa%uén st

deposi t e wafer, Irst reaction S supp portion
suppl yi reypplyf pmmbnlﬁd@ctTrmnfngaseamnmr@sssumﬁycportlomﬁnO mdiwdesstaltmetgz{flrsm gas

| | t th t t t 210 t
The’r Lactlte 100" BlebER s e v AR reten g 808t s aRpl yi ng.
2 SecondsanELl o1 R%onfolipg 83Rk06r 4R réa&f%ﬁ%% - WARF A pagseuppl y Tine

11 240 for connectin cond reaction gas supply portion 230 to the
react or tmwghathez?hﬁyrfs“st vaieet\/3gasTmm|psltyeactm @B0sdply saptmrySh@lsan i nert

the fl f h has, b t t th t
Sonnl v acnpedisd todhe SRt iavaSH, TS Ridal af MeSier o ot AT SLiRAON R San
| neyt 9aseomBBuhd gws%nmmﬁa NI&Sr Qs@@rﬂp@o%rr@hl §8s, it UsbhsSEEaBshd eacti on 15

gas supply line 0, and an exhaust |1ine tor ‘exhausti ng the gas within
t he rectreactidh gasa arg amér gasss deedwlsearennn}t g:amprl sing: 1~ mxing a first

t f f t o1 th
st oo Sgsastiey 868 R e Byl Sl helely oo 8Nk or '+
m xi ng ?a%eérﬂi‘ﬂ WF2ghs Mto9RS réddof 6o pref bxgﬁi?lé WH AVIFE RN fipdtxt Urzg gas

i 21 and 22 supplying the second m xture gas to edges of the wafer .
18. The mteodmﬁct)fanowa@as mntrbdmetbtog@dm apitige WF@@@aas eycINEeddarsai nto the

2s react or several seco bef or pl.yi ng.the f t,_m xt s to
Fodbs or PIPASEI B RS B WPEND B PorER st aoMS arerisdeindipnage
deposi t '\Pé\‘ef)farfd"@ ddM;f‘reESédTby\é(ﬂ% FaPWhiPITB RBAHNG&Is|¢ HiFRiUbeRg |Rithés used
as the first reaction gas, and NH3 gas is used as 2s the second reaction
gas. second step, an NH; gas and an Ar gas are introduced together, and the flow of an

NH; gas is stopped for a predetermined period of time. The NH; gas reacts to the

WEF6 layer formed on the wafer, thereby forming a WN thin film on the wafer. That

30 is, a WN+NH, layer is formed by consecutive first and second steps.
Next, the first step is again performed to continuously grow a thin film on the

WN+NH; layer. Then, the WN+NH, layer is changed to a WN+WN+WF6 layer
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.22 21 ~ E B 2003 2 19. The nethod of claim17) further conprising
supplying the inert gas without 3 the first reaction gas for a2‘| FE@ 2003
predeterm ned period of time after supplying the first m xture gas, and
supplying the inert gas without the second reaction gas for a predeterm ned

5 Per o4 rplekfdfe 13 LELorRHRRLY Birfofified 36 9 B UNHINIAIN N, 180er, The et hod

of claiml reiln, Irst reaction gas conprises a conpound

gas contTienefoge aa WHnkhindilmiedvihg @l dawiretd thetkeess cahrbmmobiaa eyt by pepeatisigst | ng
of Ti, Ta and W and the second reaction gas is NH3 gas, the tenperature of
the waf dRISIFOBG$S ng thin film deposition is nmintained at 400 to 600 C, and

h : i _ . : . 0
200 o 15 15 Ao ainbBGFndn: GHLRED sy it Spddiac Bbpails aBtS Ll ThelD (D
reagt i orprggent ioverticrowtinedw e desclieg@uroreféiepizerto RIGe of I Thve sahe of the

inert gas to be mxed with the first 15 reaction gas is controlled to
50SCCM defaipper pumeRaisfastijosa e F&E. Nidengiathessampa®iemeas-t o 1s 50SCCM or

control 1 ed 1 JNEoRkaR 6 BhoBebiifet 4 Wbt ANDEF Wl e T oy

conpr i sidigposibd @l wagert Behin @t s @safadTi[drBAINNIBN g@svdiPas BETINGRCEEN t O
renmove Cl froma thin fil mdeposited on the wafer, when 21 a conpound gas

cont ai nifiig @in be farswd iaghetkird emiyodimeant. | bnorglgs to aghizgge s, theethirdt hod of
claim 21) wherein en the first and second r tion 2 ses andl or_inert
gad ar o SRbOITBCL AT e her 2blra7Soeia BRS shEPrAdlof B2Bor Rl nBiac or
Is 1 tOtF\Pdtr,@éétior?éas??ri%th)ﬁhmrﬁiﬂhﬁpﬁ' MAZfdﬁHé”%é'&ndf reathien ge8ERppR/ e when
a TiC4 gas is used as 28 the first reaction gas, and NH3 gas iSs used as

t he sec@4D, mpdm faumthyactiengaissupg iy pertiog 610for sepplying 8daurth redctigasgas

| east o econd before supplyin he s nd m xture gas after supplying 2

the iner 28%\ W??%lﬂoreﬁcﬁgggf’éé&‘gp n|lr.beagg8.3. 4 25. The method of claim 24,

wherein a durpid %r@fre‘é@ﬂ@h?‘g@%u?ﬁgy @rd;ﬁg%h eMOnelRIe Dty laeeo@d daratyn of
u i

supplying the inert gas wt 4 gas before supplying s NH3 gas,

ares at dor atidwingforiblocking 2heflografsiupplied H2, Z6foutthaemetitvio gas MicC &1 26,

wherein the rati th | ow of the iner a i xed with the first
reacti orf oling {%ﬁng Bﬁﬁtoy'fwrl"ﬁ@ naﬁé)racsssaéﬁrr#@omﬁ%ﬁgﬁ?eco@ G &g ction
gas is sfid EMRS third Qalved/33 fcgréf%Wﬁ% ofblocking the flow of H2 controlied by the

Al AL AYh. A AUC A ART T . A@ AY. A@ A{ . Ah. AU. AAf ."Ay. Ah. Af . A9. A. Ah. Al y."A. A ASEc;

h" m z$@fverts reaetion gas MFC 612.

pytole [V calpal penealopl ool abnAhcaberanherladl £ alaakr abiabeghsshes * o2
T) y&d * 1 }linniegelish nsabaal eahfralreatied gas s C aRoabe abstraliaglisatienlstad ca) cal
caj ca] caLca] ca] ca] ca] ca] ca] ca] c(a] ca%%a] chralH v #

I —

$900mpEhee rRactioq ged.)g nrty-fourty yalva plallepca] B 6eg eewasndipdulatigcal ca
Jcal cal g ahgabe ol ealisaeahikRIsR) i Lihind GPhRRIAR FESPLFRESAIE -+~

|--.n..

<6>@kApAzAnibd gEd Jdnd anhifty4lfiH ¢dtad sascrl efbwilged Blekkinalthalioal sttheahigal cal c
a] c&a] ca] ca) ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] cal JANNUPOBTGTUTWZ] |
1]~ _~n~_reachon gas, which has been controlled by the third reaction gas MFC 622, to the

) &) Cor e Bt e PR BT o] Lo o cal ca) ol denbeert 111 v Camooo
or st That 1s, in this structure, a compound gas containing a transfer metal element
Ti or Ta is used as a first reaction gas, an Ar gas is used as an inert gas, a TMA gas
is used as a third reaction gas, and an H2 gas is used as a fourth reaction gas.
The third embodiment of the thin film deposition apparatus having such a
30 configuration is almost the same as the first embodiment, so it will not be described

in detail.
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cop ) LTRSS ol abond o ol sk ekl g oo o) <
4t (x70\Bprvaiming ¥l tharstdcmbed leterheni suadncad TalTepder! paleal sahdirdtaabendeal cal ¢

a] c(a] ca] ca] cal ca] ca) ca] ca] ca] ca] ca] ca] ca] ca! Ponsx| }1fv|{vqgl gb] X]]ca]ca]c(a

] ca] ca] 8a$.c Lc@t]“@ép@%ﬁ}%@?@b?c&t&?@(&ﬂ ihg) fra] edchan gapc JtbenoRe@apYdnU| c&a
L *] f | gb &al c&a

| ca) ca) darte af BhTRFE SPAY b babelijedd pf BhafatpBs LS SRbeGORBaA ) CThEn

Y 1086 I RAAGE, (stedd YRl Nt 5383 & bELOBE ) Yoddibichttion Gas 10%

& ()- :R"nf H YY% 1094 ()-" Y 10% (> f &LOWZZ& ()- & 109%&' ()-nff

1098 () -: 109 (e st GaRo(y -anddiarerepdacdsgnty of an ALD thin film deposition

109 () --109& () - +@10%& () - 9*nbdo%ww&' ()-(!109& ()-y' - 109%& ()-+M> ? @
i H 0@ 1%22&%53?“ éé‘léﬁ[f% t.oéqﬁF;Fzr%e"“l'BW‘t@”-v ﬂ(s)ltéo S‘(ﬁrldag%‘éx%j r(e)a-Ct'?Q%)ases

109&' . O/ . . 0 Q- A\ & : .

raton | D4 PSR T g P TR PIGRon Taf R e ot g s gactir
1094.0S3astel inprtIguslie Hpras/ad) ontb &afdr) 8hd - misduresef an) NH, gas and an inert

NG CHERAREN: Jeh TR NORIE GRS T de T RO
diffusion plate and a wafer block is narrowed to about 20 to 50mm, so that several
reaction gases react to each other while being sequentially compressed down on
the wafer. Therefore, a Ti, TIAIN, TiN, TaN or WN film having high purity, excellent
electrical characteristics, and a good step coverage can be deposited.

15 Also, an NH3 gas is sprayed to a reactor several seconds before a first
reaction gas is sprayed thereto, so that generation of particles can be prevented.
Furthermore, an NH3 gas I1s sprayed to a reactor 100 after deposition of a
thin film is completed, or during deposition, so that Cl existing within the thin film can

be removed. Thus, the electrical characteristics of the thin film can be improved.
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<6>? @Ak AWU3E(irst reaction gas supply line for connecting the first reaction gas supply portion

to the reactor,

a second reaction gas supply line for connecting the second reaction gas supply
portion to the reactor,;

a first inert gas supply line for supplying an inert gas from an inert gas supply
source to the first reaction gas supply line;

a second inert gas supply line for supplying the inert gas from the inert gas
supply source to the second reaction gas supply line; and

an exhaust line for exhausting the gas from the reactor

2, The ALD thin film deposition apparatus of claim 1, wherein the first
reaction gas supply portion comprises:

a bubbler for gasifying a first reaction material to form the first reaction gas;

a first reaction gas mass flow controller for controlling the flow of the first
reaction gas supplied from the bubbler; and

a first valve installed on a line between the bubbler and the first reaction gas

mass flow controller for allowing or blocking the flow of the first reaction gas.
3. The ALD thin film deposition apparatus of claim 2, further comprising a

third valve installed on the first reaction gas supply line for allowing or blocking the flow
of the first reaction gas controlied by the first reaction gas mass flow controller.
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flow of the second reaction gas controlled by the second reaction gas mass flow

controller.

6. The ALD thin film deposition apparatus of claim 1, wherein the first inert
gas supply line comprises a sixth valve for allowing or blocking the flow of a supplied
inert gas, a first inert gas mass flow controller for controlling the flow of the inert gas
which has passed through the sixth valve, and a seventh valve for ailowing or blocking
the flow of the inert gas which has been controlled by the first inert gas mass flow

controller.

7. The ALD thin film deposition apparatus of claim 1, wherein the second
inert gas supply line 270 comprises an eighth valve for allowing or blocking the flow of
a supplied inert gas, a second inert gas mass flow controller for controlling the flow of
the inert gas which has passed through the eighth valve, and a ninth valve for allowing
or blocking the flow of the inert gas which has been controlled by the second inert gas

mass flow controller.

8. The ALD thin film deposition apparatus of claim 1, further comprising:
a first bypass line for allowing the first reaction gas and/or inert gas to flow
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line having a twelfth valve for allowing or blocking the flow of the second reaction gas
to the exhaust line and a thirteenth valve for allowing or blocking the flow of the inert
gas to the exhaust line.

9. The ALD thin film deposition apparatus of claim 1, further comprising a
separate inert gas supply line for purging and exhausting the gas and/or contaminating
sources existing within lines, the inert gas supply line organically connected to the first
and second reaction gas supply portions, the first and second inert gas supply lines,
the first and second bypass lines, and the exhaust line.

10.  The ALD thin film deposition apparatus of claim 1, wherein the first
reaction gas Is a TiCl, gas or a compound gas containing Ta, and the second reaction
gas is NHa.

1 11. The ALD thin film deposition apparatus of claim 1, wherein the first
reaction gas supply portion comprises:
a thirty first valve for allowing or blocking the flow of the first reaction gas; and

a first reaction gas mass flow controller for controlling the flow of the first

g AW N

reaction gas which has passed through the thirty first valve.

12.  The ALD thin film deposition apparatus of claim 11, wherein the first
8 reaction gas is WFg, and the second reaction gas is NHs.
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7 wherein the fourth reaction gas supply portion has a thirty second valve for
8 allowing or blocking the flow of a fourth reaction gas, a fourth reaction gas mass flow
controller for controlling the flow of a fourth gas which has passed through the thirty
10 second valve, and a thirty third valve for allowing or blocking the flow of the fourth gas
11 which has been controlled by the fourth reaction gas mass flow controller.
12
13 14.  The ALD thin film deposition apparatus of claim 13, wherein the third
14 reaction gas supply portion 620 comprises:
15 a bubbler 621 for gasifying a third reaction material to form the third reaction
16 gas;
17 a third reaction gas mass flow controller for controlling the flow of the third
18 reaction gas supplied from the bubbler 621;
19 a thirty fourth valve V34 installed on a line between the bubbler 621 and the third
reaction gas mass flow controller for allowing or blocking the flow of the third reaction
21 gas; and
22 a thirty fifth valve V35 for allowing or blocking the flow of the third reaction gas,

23 which has been controlied by the third reaction gas mass flow controiler, to the second

24 reaction gas supply line 240.
25
26 15.  The ALD thin film deposition apparatus of claim 14, wherein the first
27 reaction gas is a compound gas containing a transfer metal element selected from the
28 group consisting of Ti, Ta and W, and the second reaction gas is NHa.
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2 16.  The ALD thin film deposition apparatus of claim 14, wherein the third
3 reaction gas is TriMethylAluminum (TMA), and the fourth reaction gas 1s Hs,.
4

5 17.  An ALD thin film deposition method [using a thin film deposition apparatus

6 including a reactor 100 in which a wafer is mounted and a thin film is deposited on the

7 wafer, a first reaction gas supply portion 210 for supplying a first reaction gas to the

8 reactor 100, a first reaction gas supply line 220 for connecting the first reaction gas

supply portion 210 to the reactor 100, a second reaction gas supply portion 230 for
10 supplying a second reaction gas to the reactor 100, a second reaction gas supply line
1 240 for connecting the second reaction gas supply portion 230 to the reactor 100, a
12 first inert gas supply line 260 for supplying an inert gas, the flow of which has been
13 controlled, to the first reaction gas supply line 220, a second inert gas supply line 270
14 for supplying an inert gas, the flow of which has been controlled, to the second reaction
15 gas supply line 240, and an exhaust line 400 for exhausting the gas within the rector
16 100 to the outside, wherein] comprising:
17 mixing a first reaction gas and an inert gas to form a first mixture gas;
18 supplying the first mixture gas to an upper surface of a wafer received in a
19 reactor ;
mixing a second reaction gas and the inert gas to form a second mixture gas ;
21 and
22 supplying the second mixture gas to edges of the wafer .
23

24 18.  The method of claim 17, further comprising introducing NHs gas into the
25 reactor several seconds before supplying the first mixture gas to the reactor, in order to
26 prevent particles from being produced during deposition of the thin film, when a
27 compound gas containing Cl is used as the first reaction gas, and NH; gas is used as

28 the second reaction gas.
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A2S %d0%&' ()9.! ASTHE atathdd of A&im 17, further comprising supplying the inert gas without

3 the first reaction gas for a predetermined period of time after supplying the first mixture
4 gas, and supplying the inert gas without the second reaction gas for a predetermined
5 period of time after supplying the second mixture gas.

6
7 20. The method of claim 19, wherein, when the first reaction gas comprises a
8 compound gas containing a transfer metal element seiected from the group consisting

of Ti, Ta and W, and the second reaction gas is NH; gas, the temperature of the wafer

10 during thin film deposition is maintained at 400 to 600 °C, and the temperature of lines
11 connected to the reactor is maintained at 40 to 200 °C.

12
13 21.  The method of claim 20, wherein the flow rate of the first reaction gas is
14 controlled to 1SCCM or higher, the flow rate of the inert gas to be mixed with the first
15 reaction gas is controlied to 50SCCM or higher, the flow rate of NH3 gas 1s controlled to

16 50SCCM or higher, and the flow rate of the inert gas to be mixed with the NH; is
17 controlled to 60SCCM or higher.

18
19 22.  The method of claim 17, further comprising introducing the inert gas and
. [the] NH3 gas to the reactor to remove Cl from a thin film deposited on the wafer, when
21 a compound gas containing Cl is used as the first reaction gas.

22
23 23. The method of claim 21, wherein, when the first and second reaction
24 gases and/or inert gas are introduced into the reactor, the inside pressure of the
25 reactor is 1 to 10 torr.

26

27 24.  The method of claim 19, further comprising, when a TiCl, gas is used as

28 the first reaction gas, and NH; gas is used as the second reaction gas, supplying the
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NH; gas at least one second before supplying the second mixture gas after supplying

N

the inert gas without first reaction gas.

4 25. The method of claim 24, wherein a duration of supplying the first mixture
5 gas, and a duration of supplying the inert gas without the TiCl, gas before supplying
6 NH; gas, are at a ratio of 1 to 1.2 or greater.

8 26. The method of claim 25, wherein the ratio of the flow of the inert gas

- mixed with the first reaction gas to the flow of the inert gas mixed with the second
10 reaction gas is set to be 1 to 1.2 or greater.
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