15 AUG 2003 REACTOR FOR DEPCSI TING THIN FI LM ON WAFER BACKGROUND OF THE

I NVENTION 1. Field of the Invention The present invention rel gtges

reactor for depositing a thin filmon a 5 sem conductor, for gxin%@mosa
sem conductor wafer. 2. Description of the Related Art A thin filmdeposition
reactor forns a predetermned thin filmon a wafer by introducing several
types of reaction gases and nmutually réﬁ%ting themw th each other. 10 This
react or has been continuously inproved to nake a highly-integrated chip and
i ncrease the efficiency of nanagenent and the productivity. SUMVARY OF THE

| NVENTI ON An obj ective of the present invention is to provide a reactor for
depositing a sem conductor thin film by which a thin filmhaving excell ent
el ectrical 15 characteristics, a higbuggri y, in which inpurities are renoved
froma wafer as much as possible, antan excellent step coverage can be
formed. To achi eve the above objective, the present invention provides a thin
film deposition reactor including a reactor block 110 on which a wafer is

pl aced, a shower head plate 120 for uniformy maintaining a predeterm ned
pressure by 20 covering the reactor block 110,42 wafer block 140 installed in
the reactor block 110, on which the wafer is/to be seated, and an exhausting
portion (not shown) connected to the reactor| bl ock 120 for exhausting a gas
within the rector block 110 to the outside, i/h filmdeposition reactor
is characterized in that the inprove i a first connection |line

121 installed on the shower 5 pugh whi ch2® first reaction
gas and/or inert gas supplied flov 10 G e 122 installed
on the shower head plate 120 v A eact/i on gas and/ or
inert gas supplied flow, 3 Svetas Xo Y 0”1 nst aMNed under the

shower head plate 120. Jht&\diffusion{
131, 1 15 AUG 2003 whi connect ed~tg
face the upper surfaceqiii B

inert gas onto the wafer w, ang

reacti on gas and/ or
plurality 2},»: zl es 133, which are
connected to the ¥&%ond connecti™ <;ﬂg;> pet” | ook toward the inner side
surface of the reactor block 110 t@i?b%%" e second 5 reaction gas and/or
inert gas toward the edges of the .wmﬁ . BRI EF DESCRI PTI ON OF THE DRAW NGS
The above objective and advaq;g 5 of the prgsent invention will becone nore
apparent by describing in detai’l preferred gnbodi igags thereof with reference
10 to the attached drawings in which: FIG |1 is Z;%explwded perspective view
h

of a thin filmdeposition reactof!4 accordigg to t pyesentigi nvention-, FlIG

di f fusi on
dﬁ&l view of a

first enbodi nent ofsgthe reactor g

cross-sectionai he fi
per spect i ve vi &3\9608 _

FIG 5is a
6 is a graph

show ng the rel at1166&hi p _Bet weghl ax S dci fic resistance
while athin TINfilmi W’-\ NS dactlor conbined with a
N ctional view of a

transfer nodul e throughja vat

] 25 FIG _A0 is a graph
showi ng the rel ationship S e (D) and adeposition speed while
athin filmis deposited. A P THE PREFERRED EMBODI MENTS Referring
to FIGS. 1 and 2, a thin fil » iti according to the present

i nvention includes a reggg' a wafer is placed, a shower
30 head plate 120 coupl to the reactq| brock 110 using hinges 128 and 129,
a diffusion plate 130 installed on the shower head plate 120 for spraying a
reaction



15 AU G 2003 gas and/or inert gas, and a wafer block (not shown) installed
within the reactor block 110, on which a wafer is seated. Fi r§t5

connection lines 121 and 122 are installed on the shower head plate 120, and
are connected to first and second connection pipes 111 and 5 112 to be
described later. The first connection Line 121 flows a first reaction gas
and/or inert gas supplied via the firs€/&onnection pi pe 111 to a reactor, and
the second connection line 122 flows a second reaction gas and/or inert gas
supplied via the second connection pipe 112 to the reactor. The first and
second connection pipes 111 and 112 are installed on the 10 reactor bl ock
110. The first and second connection_pipes 111 and 112 are connected to the
first and second connection lines 1 i) 9222, respectively, installed on

t he shower head plate 120 via a connecting portion 113. An Oring 11 3a is
installed on the connecting portion 113, and connects the first and second
connection pipes 111 and 112 to the first and second connection lines 121 and
122 15 so that they are seal ed, when the shower head plate 120 covers the
reaction block 110. Wen the shower head plate 120 is opened fromthe
reaction block 110, the first_and second connection pipes 111 and 112 are
separated fromthe fiyt and secCgnd nection lines 121 and 122. At | east
two exhaust holes 117 and_118 f oL ex sthgg i ntrl8duced inert gases 20

and/ or reaction gases are fOo@¥e
shown in FIG 7. Amin Q
reactor block 110, so ihz

er surface of the
shower head pl ate

e B -
120 are securely seal hgéﬁ?i TS e it covered. The
shower head plate 120 !Cr“qu“':"“ & Hat a 25
. . .:ﬁ., S N
predeterm ned pressure isS i (e gyeactor block 110.
Al so, the shower head plate 85 110 so that the

diffusion plate 130 is pl aced W\ etigtakaes
cross-sectional view of a first enBE#FEaERE O
is a magnified cross-sectional vi mxing @Rit of FIG 3, FIG
5is 30 a perspective view of t  mxiqgp unit of FIG 3, and FIG 6
is a graph showi ng the rel aygpnship between an interval (D) and a specific
resistance while a thin TINfilmis deposited. 3 15 AUG 2003 Referring to
FIGS. 3, 4, 5 and 6, thé&.diffusion e 130, which sprays a gas during a

of FIG 1, FIG 4

thin fil mdepositltg procesSs.is f#om of the shower head
plate 120. A plurali Yy, ' 3 { ch aye connected to the first
connection line 121 and\é TBET—SUTI Qf/ a wafer wto spray a first
5 reaction gas and/or i pers 1t o / ake fornmed on the diffusion

plate 130. Also, a p
passage 132 | eadi ng
side surface of the r

e copprcted to a
2_and’ face the inner
ondy’r eacti on gas and/ or

he diffusion plate
[ diffusion plate
o the first
Ob having the plurality
Noe 122. Here, the
e’ bet wediB spray hol es 131 has

t he shape of upside-down T, so that energy 15 fromthe wafer block
140 is evenly conducted to the shower heead plate 120 via the second
di ffusion plate 130b. Consequently, the diffusion plate 130 is prevented
from bei ng overheated. The hei ght of the upside-down T-shaped cross-section
of the first diffusion plate 130a nust be 5mm or greater to prevent the
first diffusion plate 130a frombeing easily bent during deposition. In the
present enbodi nent, the 20 diffusion plate 130 is nmade up of the first and
second diffusion plates 130a and 130b. However, even if the diffusion plate
130 is formed in one body, the sane effects can be generated. A first m xing
portion 134 for evenly mxing a first reaction gas and an inert gas and
flowng the mxture to the spray hole 131 is forned at the center of the 25
inside of the first diffusion plate 130a, as shown in FIGS. 3 and 4. The
first reaction gas and the inert gas flowng via the connection line 121 are
swirled and m xed, and then diffused and evenly sprayed onto the wafer via
all of the spray holes 131.




Spray holes 131 are not fornmed below the first m xing portion 134 in e
first diffusion plate 130a, as shown in FIGS. 2 and 4. Preferaﬂl‘j,AUﬁZOUS
entire area of the 30 first diffusion plate 130a having the spray holes 131
is larger than the area of the wafer w, so that a gas can be evenly spayed
over the entire surface of the wafer. 4 15 AU G 2003 Preferably, the dianeter
of the spray holes 131 is between 1 ma&hd 2.5nm  This dianmeter, which is
obt ai ned by several experinments, allows an excellent thin filmto be forned
on the wafer w. Al so, the nunber of spray holes 131 is about 100 to 1000
according to their diameter. In this enbodi nent, nore than 160 spray holes 5
are formed. The nozzles 133 lead to the passages 132 radially forned froma
second mixing portion 135, and are EﬂggtedBtomard the inner side surface of
the reactor block 110, as shown in FI 3. Preferably, there are 30-100
nozzles 133. In the present enbodi nent, 48 nozzles are forned. 10 The second
m xi ng portion 135 for evenly m xing a second reaction gas and an inert gas
is formed between the second connection |ine 122 and the shower head plate
120, as shown in FIGS. 3 and 5. The second m xing portion 135 has an
auxiliary diffusion plate 135a in which holes 135b are fornmed. The auxiliary
diffusion plate 135a can be formed in various structures to m x gases, other

than the 15 structure shown in FIG 5. The-igfer block 140 installed within
the reactor block 110 safely seats a waf’ej -13Baheater His
installed in the wafer block 140 to heat(eg itain_ _the wafer block 140 to
a predeterm ned tenperature during deposkt&g Jie i ntgvtal (D) between the
diffusion plate 130 and the wafer bl ock L@§ ¥n 20 the ranrge-of 20mmto

50mm Referring to FIG 6, which is a grap howi ng t he
specific resistance during deposition of a/thin film i

the specific resistance is the | st when//the interva en t he
diffusion plate 130zmqkéhe waf ek’ bl ock 0is 30 oW —When ot her
conditions, for exanmplexthe t irst/dnd seddhd reaction
gases, the ten‘qirature 25 a ‘waf er afig5 | i kef/ wer E%hanged,
specific resi st ﬁbe\ygjues were | ow atEsh 18%erval s P withi/n a range of
about 20 to 50mm anfrPr-canshespReh Rat D haNRE e D i% an

i mportant structural pe th Jéfi|ﬁ] The interval
within this range.ls pAar i i i deposition
(CVvD) reactor1$osaﬁr gg?b ﬂérb ﬂ bk 4& dik actioﬁzy ateto which a
30 reaction gas is~s 1308 a waer 1BaOCK on yghi ch a pr-H s| seated is
about 50 to 10UA®~—] e fdnvention Si the i val is smaller
than that in the pri Ay, Nicderse—Hrst—+eactior ¢ is formed on a
wafer w by the §?€§§ NN irst 15 AUG 2003 re j@is and/ or inert
gas sprayed fromthe es 181. The first redg geis | ayer reacts
with a second fédeti wed fin later, ,so that ilmhaving a

hi gher purity and a &8 grmed. A punpi ng
baffle 150 is iqua?led round t waf er bjock 140. The punmping 5 baffle 150
is made up of a dewal | 150a installed1 the |lateral side of the wafer

bl ock 140, and a bottom Wl | 150b t hrough whi ch symmetrical holes 150c are
formed. A donut-shaped punping pot 115 connected to an exhaust line is forned
bel ow the bottomwall 150b of the punping baffle 150, that is, on the bottom
of the reactor block 110. 10 The sidewall 150a and the bottomwall 150b of

t he punping baffle 150 provide a space in which a second reaction gas and/or
inert gas sprayed onto the inner side surface of the reactor block 110 can
nore evenly react to the first reaction gas |ayer fornmed on the wafer w A
process product generated during deposition of a thin film and gases not
used during deposition of a thin filmare slipped through 15 the hole 1 50c.
These gases pass through the exhaust holes 117 and 118, and are exhausted
via the punping pot 115. When a thin filmis deposited, the pressure within a
reactor must be maintained to be 1 to 10 torr. In order to observe and
control this pressure, a pressure neasuring portion (not shown) is installed
within the reactor. 20 This thin fil mdeposition reactor has heaters (H)
formed inside and outside to heat the reactor when a thin filmis deposited.
For exanple, when a TiNthin filmis deposited, the tenperature of the inner
surface of the reactor block 110 nust be



kept at about 120 to 200 C, and the tenperature of the diffusioau Izhﬁazgﬁl
must be kept at about 150 to 260 C. Al so, the wafer bl ock 140 gt 3

at a 25 tenperature of about 425 to 650 C, and the punping baffle 150 nust be
kept at a tenperature of about 150 to 230 'C. The thin film deposition
reactor having such a configuration is,conbined wwth a transfer nodul e 102
for supplying and transferring a wafer*® having a vat valve 101 between the
reactor and the transfer nodule 102, as shown in FIG 7. The 30 wafer wis
transferred into the reactor 100 via a wafer transfer hole 116 using a robot
arm (not shown) of the transfer nndw# 02, and then safely seated on the 6
15 AUG 2003 wafer block 140. Here, t i e rature of the vat valve 101 nust
be maintained at 140 to 170 OC. In a state where the wafer wtransferred
via the wafer transfer hole 116 is seated on the wafer block 140 and heated
to a predeterm ned tenperature, a first 5 reaction gas and/or inert gas is
sprayed onto the wafer w through the spray hol es 1331 of the first diffusion
pl ate 130a along a route fromthe first connectiam pipe 111 to the first

connection line 121, and a secomgmad pprigas and/ or inert gas is sprayed
onto the edges of the,wafer w, T%é; SN ;grd the i nper side surface of the
reactor block 110, th SN f s:j T ndyghpt f usi on pl ate 130Db
along 10 a route from Nséiﬁ AN | o the second
connection |ine 122, 3 gé\x st and(J88ond reaction
gases are used to fo i 77 LI “Pr 2 1goacess products or
gases not used for depgb(t a ed to the outside

t hrough t he exhaust h pot 115. 15 FIG 8 is
a cross-sectional vie i t eactor of FIG 1, and
FIG 9 is a cross-sec T of the reactor of

FIG 1. Here, the same ré&fererfde nunefals as'those in FIG 3 denote the same
el enents having the same functibns. Referring to FIGS. 8 and 9, a diffusion
plate 230 has a concave bottongsandag diffusion plate 330 has a convex
bottom 20 A die produced by a wafer w on which a thin filmis deposited nust
have constant electrical characteristics. To achieve this, the thickness,
purity and the electrical property of a filmdeposited on the entire surface
of a wafer nmust not be variable. However, when a thin filmis deposited on a
waf er w using the reactor 25 accordh2g€§o he first enbodi nent, a second
reaction gas is eddied around the inmnn .surface of the reactor block 110 and
then flows fromthe edges of the wafer to the wupper_surface thereof. This
may cause a difference in the thickness, purity, Ad® electrical property
between a thin filn1depo§iéed on the edges of t wafer and a thin film
deposited at the center tﬁ ?eof. 2 £33 n the thickness, 30
purity, and el ectrical propery Y1 mon the edges of the wafer
and a thin filmat the center \ar r oned by changi ng the
process conditions 7 15 AU G 2683 pount of gas, the process
pressure, and others. However \t ese process conditions nmay
not narrow the difference. In INJ terval between the wafer bl ock
140 and the center of the diff
bet ween the wafer bl ock 140 ang
applying the diffusion plate 2
or applying the diffusion pl af ex bottomas shown in FIG
9. This is nmade in considerati At the interval (D) between a
diffusion plate and a wafer blo jportant factor in depositing a
thin film 10 That is, as shown in , a particular functiona

rel ationship is established between the interval (D) and a deposition speed,
so that the thickness, purity or electrical characteristics of a deposited
thin filmcan be changed by varying the interval (D). That is, the

t hi ckness, purity and electrical characteristics of a deposited thin film
can be adjusted to desired values by making the interval at the 15 edges
smal l er than the interval at the center as shown FIG 8, or by making the
interval at the edges greater than the interval at the center as shown FlIG

9. In a sem conductor thin filmdeposition reactor according to the present
invention, a mxture of a first reaction gas and an inert gas is sprayed onto
a waf er

he diffusion plate, by
e bottomas shown in FIG 8,



t hrough spray holes, so that a first reaction gas |ayer is forﬁwgw
second 20 reaction gas and an inert gas are sprayed toward theli i
surface of a reactor block and then flows to the upper surface of the wafer
while reacting to the first reaction gas layer. In particular, the first
reaction gas |ayer and a second reaction gas layer are continuously and
sequentially formed. Therefore, a thlnﬁalrnhaV|ng a high purity in which
inpurities are renoved as much as possible, and excellent 25 el ectrical
characteristics, can be obtained on a wafer with an excellent step coverage.
8 15 AU G 2003 What is clainmed is: 1. Athin filmdeposition reactor
conprising: a reactor block on which a wafer is placed; a shower head plate
for uniformy maintaining a predeterm ned pressure by covering the reactor
bl ock; a wafer block installed inFﬂtﬁ gsactor bl ock, on which the wafer is to
be seated; an exhausting portion J ted to the reactor block for
exhausting a gas fromthe reactor block; only a first and a second
connection line in connunication with the shomer head plate, wherein the

first connection I|i s t( W@ head pl at e,
t hrough which a fir &%ﬁg CEI ow, and the second
connection line is N e shower head pl ate, through

whi ch awsecond reac d/or inert gas flow, a diffusion plate nounted
on a | r sgrfac e snogwer head pijate,  the diffusion plate having a

plurali&y of hol et whicharelin c DeC a3 PRO|FI@ AEBISTANDE Bt
connectmog | i ne and\ face the uppe/r,osurf of t{ae2mpfBr5¢)0 spray | the first

reactlaw as fand/ o the fer nozzles
‘@ i fh fh sec\fl;frall con% ME%'SZXN Xt end toward

whi ch atQ=ln conm .
the inneriside sur reactor bl ck to e se nd reaction gas
and/ or Wiért gas flowardjedges| of the wafe 3@%9 sition
reactoroof C lladm-l—wheteA—the—aius+o D| at@7 )ower surf ce of a
concavalfornl 3. The th|n filmdeposition reactor of claim1l1, wherein the

di f f usi 8n pl ate has a Ip\ymm)surface area of convex form 4. The thin film
deposition reactor of claiml1l, wherein the diffusion plate further conprises
a first diffusion plate in communication with the plurality of spray holes
and the first connection line, and a second diffusion plate in communication
with the plurality of nozzles and the second connection line. 9 15 AUG 2003
5. The thin filmdeposition reactor of claim1, further conprising a first

m xing portion at a center of the inside of the diffusion plate for m xing
the first reaction gas and the inert gas and diffusing the mxture to the
spray hole. 6. The thin filmdeposition reactor of claim1, further
conprising a second m xing portion between the second connection |ine and
the shower head plate for mxingR|@4.sfcond reaction gas and the inert gas,
the second m xing portion having an auxiliary diffusion plate in which hol es
are formed. 7. The thin filmdeposition reactor of claim1, wherein an area
of the diffusion plate on which the spray holes are forned is |arger than
the wafer. 8. The thin filmdeposition reactor of claim1, wherein the

di aneter of each of the . 192 The thin film
deposition reactor of claim@8, wherein the nu r of spray holes is 100 to
1000. 10. The thin filmdepoXtion reactor_of/claim9, wherein the spray hole
conprises an upper end and @6 e R AR uppeggy end has a dianeter

| arger than that of the lo ¢ Gat thermal energy fromthe wafer

bl ock is evenly transferre 1ead’ﬂmate to prevent the
diffusion plate frombeing ov 1. E n filmdeposition reactor
of claim 10, wherein the diffusj S a thickness of at |east 5nmto
prevent the diffusion plate1{g at a




hi gh tenperature. 12. The thin filmdeposition reactor of clal @ﬁfrel
t he nunber of nozzles is 30 to 100. 13. The thin filn1deposit|

claim1l1, wherein a distance between 10 15 AUG 2003 the diffu5|on pl ate and
the wafer block is 20 to 50mm 14. The thin filmdeposition reactor of claim
1, further conprising a punping bafflggﬂhlch is installed on the outer
circunference of the wafer bl ock, the npi ng baffle conprising a sidewall
pl aced around the |ateral side of the wafer block, a bottomwall extended
outward froma |l ower end of the sidewall, and holes fornmed in the bottom
wal | . 15. The thin fil mdeposition reactor of claim 10, wherein the spray
hole further conprises a step between the upper end and the | ower end. 16.
The thin filmdeposition reactor of claim4, wherein the first diffusion

pl ate has a thickness of at |east SHF“§§Z' he thin filmdeposition reactor
of claim 14, wherein the holes are trically arranged. 11 15 AUG 2003
Abstract Reactor For Depositing Thin F|In1Cn Wafer A thin film deposition
reactor including a reactor block on which a wafer is placed, a shower head
plate for uniformy maintaining a predeterm ned pressure by covering the
reactor block, a wafer block installed in the reactor block, on which the
wafer is to be seated; an exhausting portion connected to the reactor bl ock

for exhausting a gas fromthe reactor bl ggknspga first connection line in
comruni cation wth the shower head pl at th 13h a first reaction gas
and/or inert gas flow, a second connect iR trge—+n_c nication with the
shower head plate, through which a secq ion dggngnd/or i nert gas
flow, and a diffusion plate nmounted on surface of e~shower head
plate. The diffusion plate has a pluralit " spray holeulm h: are in

surface of
he wafer,

communi cation with the first connection lijie and face the g
the wafer to spray the first reggji on gasjand/or inerf,gas

and a plurality of nozzhgs which\are in comunicatigh W e ‘second
connection line and exterd to rfac hd3% eact or bl ock
to spray the ggcond reacthqQn gas andLg agasg to s of the wafer
w. Figure 3 12 15-AUG 2003 118 ELG 1 3gk G200 28 FIG 2 110 15
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122 1111111 11111 wl 135b} 135 120 133 15 AUG 2003 8/
RELATI ON BETWEEN DI STANCE (D) AND DEPOSI TI ON SPEED 10 20 30 40 (D)ymm 50 60
8/8

RELATION BETWEEN DISTANCE (D) AND
DEPOSITION SPEED

DEPOSITION SPEED

10 20 30 40 50 60
(D)mm





