GAS BAFFLE AND DI STRI BUTOR FOR SEM CONDUCTOR PROCESSI NG CHAMBER BACKGROUND
OF THE I NVENTI ON [0001] The present invention relates generally to the field
of sem conductor manufacturing. 5 More particularly the present invention
relates to a gas baffles and processes for delivering gases used in the
formation of integrated circuits. [0002] One of the primary steps in the
fabrication of nodem sem conductor devices is the formation of a film such
as a silicon oxide film on a sem conductor substrate. Silicon oxide is
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[0003] Semiconductor device geometries have decreased significantly in size since such
devices were first introduced several decades ago, and continue to be reduced in size. This
continuing reduction in the scale of device geometry has resulted in a dramatic increase in the
density of circuit elements and interconnections formed in integrated circuits fabricated on a

20  semiconductor substrate. One persistent challenge faced by semiconductor manufacturers in the
design and fabrication of such densely packed integrated circuits is the desire to prevent spurious
interactions between circuit elements, a goal that has required ongoing innovation as geometry

scales continue to decrease.

[0004) Unwanted interactions are typically prevented by providing spaces between adjacent
25  elements that are filled with a dielectric material to isolate the elements both physically and
electrically. Such spaces are sometimes referred to herein as “gaps™ or “trenches,” and the
processes for filling such spaces are commonly referred to in the art as ‘;gap—ﬁll” processes. The
ability of a given process to produce a film that completely fills such gaps is thus often referred
to as the “gap-fill ability” of the process, with the film described as a “gap-fill layer” or “gap-fill

30 film.” As circuit densities increase with smaller feature sizes, the widths of these gaps decrease,



resulting in an increase in their aspect ratio, which is defined by the
ratio of the gap's height to its depth. H gh-aspect-ratio gaps are
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as an etch gas. For exanple I ssocl ated NF3 can be introduced into the

chanber fthaebncdachating tdé¢hocteasedgapffileattibtycl ean t he chanber or as an etch
conponent of deposition-etch-deposition recipes which use NF3 plasma within
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processes that may result in temperatures that damage structures in the chamber and cause
contamination. For example, high temperatures have been associated with the formation and
sublimation of AlF;, resulting in erosion system components exposed to such high temperatures
and deposition of the aluminum impurities on substrates. Fluorine is highly corrosive and often

25  present in chambers a clean gas to corrosively remove material from the chamber wail and also
as an etch gas. For example, dissociated NF; can be introduced into the chamber from a back-
side of the baffle to clean the chamber or as an etch component of deposition-etch-deposition

recipes which use NF; plasma within the chamber.

[0007] In addition, there is a general desire to provide deposition processes that are uniform
30  across a wafer. Non-uniformities lead to inconsistencies in device performance and may result
from a number of different factors. The deposition characteristics at different points over a wafer

result from a complex interplay of a number of different effects. For example, the way in which



result froma conplex interplay of a nunber of different effects. For
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20 throughput, the number of wafers processed over a given period of time, is decreased, and the
throughput of current semiconductor process systems may be less than ideal. Work in relation
with the present invention suggests that wafer production throughput can be increased by
decreasing the amount of time required to process a wafer, for example by decreasing the season
time. Shown in Fig. 1 is an embodiment of a prior art gas baffle that has been used in

25  semiconductor process chambers and shown to present at least sorne of the shortcomings

described above.

[0010] There is accordingly a general need in the art for improved systems and methods
providing deposition uniformity with decreased contamination from metal atoms, for example

aluminum atoms, and increased throughput in HDP and ICP processes.



3 BRI EF SUMVARY OF THE | NVENTI ON [ 0011] Enbodi nents of the present invention
provi de net hods and an apparatus for processing sem conductors. More
particul arly, enbodi nents of the present invention provide a gas

distributor used to distribute a gas in a processing chanber, for exanple a
cl ean gas and/or a 5 deposition gas. [0012[ In one enbodi nent of the present
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20  [0014] In an additional embodiment of the present invention, a gas distributor for use in a gas
processing chamber comprises a body. The body includes a baffle to divert a gas. The baffle
comprises a concave surface to deflect the gas from a first direction to a second direction. The
baffle also includes a convex surface disposed peripheral to the concave surface. A transition
surface is disposed between the concave surface and the convex surface to provide a transition

25  from the concave surface to the convex surface. The convex surface comprises a maximum with
across the baffle. The transition surface extends along the for no more than about 20% of the

maximum width.

[0015] In a further embodiment of the present invention, a method of deflecting a gas used in a
semiconductor process is provided. A clean gas is directed toward a gas distributor in a first

30  direction. The gas distributor comprises a concave surface. The gas is deflected from the first
direction to a second direction substantially with the concave surface. The second direction is

transverse to the first direction.



direction to a second direction substantially with the concave surface. The
second direction is transverse to the first direction. 4 100161 |In anot her
enbodi ment of the present invention, a nmethod of processing a sem conductor
waf er in a sem conductor process chanber is provided. The nethod conprises
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(0018] Many benefits are achieved by the present invention over conventional techniques.
Embodiments of the present invention use a concave surface to deflect the gas and direct the gas

20  toward the chamber wall to provide decreased wafer contamination, for example decreased
aluminum contamination. Also, embodiments of the present invention provide decreased metal
atom contamination, for example aluminum atom contamination, of the gap-fill layer with
reduced season times, so that the total amount of time required to process a semiconductor wafer
is reduced. At least some of these benefits are provided by the embodiments of the present

25  invention described herein below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Fig. 1 is a cross-sectional view of a previously known gas distributor;
[0020] Fig. 2 is a simplified cross-sectional view of an exemplary ICP reactor system;

[0021] Fig. 3A is a cross-sectional view of a gas distributor according to an embodiment of the

30  present invention;



[0021] Fig. 3Ais a cross-sectional view of a gas distributor according to
an enbodi nent of the 30 present invention; 5 100221 Fig. 3Bis a
cross-sectional view of a gas distributor positioned in a sem conductor
processi ng chanber according to an enbodi nent of the present invention;
[0023] Fig. 3Cis a top view of a gas distributor as in Fig. 3A according to
t he enbod?l?Bht g 3B s greseationalvem ofongassiftoOR4T pésigoned ih 8 semiconductor

cross-sectional view of a gas distr] bAJtOI’ h a truncated gas deflection
surface RS LACCREBa G brdRR ShtbeeReen MERIPBN, and [0025] Fig.
5 is a cross-sectional view of a gas distributor with an annular flat
portion [@&3Endiagdbstakeprviavontage distdbetoneein fjasd Aletdading ontieenitadesent of
accordi n?tito an e@botdi ment of the present invention; 10 [0026] Fig. 6 is a
f1 ow chart® FFYISIIVEY Yy a nethod of processing a wafer with a decreased
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processi AlP%SharkierS Wi Gioss-sepvienal ¥isdl of a@ns MistasodYEh ap Bomwar Bad portion g. 1
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Enbodi nenliespredent iwepti®@sgent i nventi on provi de nethods and an apparatus for
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surface i’%?“B?‘Ervi des a 25 pathway for cleaning gases during a chanber clean
process. Cleaning gases are directed to the chanber walls instead of a
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gas distrdbutor 100 is.cgnnected.to,a chanber wall at a xi mal _porti.on
106. Dur i) 1o €YD 88 SisERIOTasIR FIk Prhegofdihade ad Smygdimady Bl e sfeghigvenion
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[0028] Fig. 8 shows a comparison of Al contamination in a processing chamber with a
previously known gas distributor as in Fig. 1 versus a gas distributor as in Fig. 3 according to an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
20 [0029] Embodiments of the present invention provide methods and an apparatus for processing
semiconductors. More particularly, embodiments of the present invention provide a gas

distributor used to distribute clean gas and to distribute a deposition gas in a processing chamber.

{0030] Figure 1 shows a previously known gas distributor. Gas distributor 100 has a gas
deflecting surface 102 and a gas distributor face 104, Gas deflecting surface 102 provides a

25  pathway for cleaning gases during a chamber clean process. Cleaning gases are directed to the
chamber walls instead of a substrate support member located directly below the gas distributor.
The gas distributor 100 is connected to a chamber wall at a proximal portion 106. During a CVD
process, a deposition gas is supplied to the gas distributor 100 at the proximal end 108, This
deposition gas flows through gas distributor 100, exiting at apertures 110, and onto a substrate



deposition gas flows through gas distributor 100, exiting at apertures 110,
and onto a substrate 6 position on the substrate support nenber. As
illustrated in Fig. 1, apertures 110 are disposed on the gas distributor
face 104 at a step 112, a raised surface. 100311 1. Exenplary | CP Chanber
100321 The inventors have inpl enented enbodi nents of the invention wth the
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appl i cat I¥H] arle ExeomgulePdchamdeei n by reference. An overview of the | CP

reactor is provided in connection with Fig. 2. Fig. 2 schematically
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material, such as alum numoxrde or alum numnitride, sapphire,
quar 1¢. NDREeMRsysérafé0 prSnegnabalimontd Thie aysern 24 0 snglndasrat chavbdr 23 atvaaunal | y

coupled to, d 214, at er I 23 .and col d pla 24 al ] ow control of
he dome TR AT bl st A ka0 SebrRofuk R e iR <t o
200 C. Don®, ahdd r@ﬁbid}ﬂ&sn@d‘gl%ﬁﬁgs WQW.YAQBO@h%ﬁ%@pIEJn%&%&ﬁH sysfe‘?rghms
216. Plasma processing region 216 is bounded on the bottom by the upper

surface ehown ogthedowar parpafithe gystem sathertlpeations angpossibleefos examplg negraba uip ofhe
| ower portian of ar 213, kngl ry:.222 ich joins the
P tﬁe %ﬁim%er gsh &%p%edtm%.gpﬁ%é%os. lﬁlﬁggyo,ggelr%gfdlécﬁ%s‘g{%ﬁ \gﬂgh %%)SO

T
chanber t0 e vVacuu Stem se’'portion T menber

218 15 npwvicgly iaborpBratclitibrdinbyBefremoat i nuous inner surface with, body
menber 222. Substrates are transferred into and out of chanber 213 by a
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t he robot bl ade at..an . upp I in osition 257 to a | r processi
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plate 223 and cold plate 224 allow control of the dome temperature to within about + 10 °C over
20  arange of about 100 °C to 200 °C. Dome 214 defines an upper boundary of a plasma processing
region 216. Plasma processing region 216 is bounded on the bottom by the upper surface of a

substrate 217 and a substrate support member 218.

[0034] The lower portion of chamber 213 includes a body member 222, which joins the
chamber to the vacuum system. A base portion 221 of substrate support member 218 is mounted

25  on, and forms a continuous inner surface with, body member 222. Substrates are transferred into
and out of chamber 213 by a robot blade (not shown) through an insertion/removal opening (not
shown) in the side of chamber 213. Lift pins (not shown)} are raised and then lowered under the
control of a motor (also not shown) to move the substrate from the robot blade at an upper
loading position 257 to a lower processing position 256 in which the substrate is placed on a

30  substrate receiving portion 219 of substrate support member 218. Substrate receiving portion

219 includes an electrostatic chuck 220 that secures the substrate to substrate support member



30 substrate receiving portion 219 of substrate support menber 218.
Substrate receiving portion 219 includes an electrostatic chuck 220 that
secures the substrate to substrate support nenber 7 218 during substrate
processing. In a preferred enbodi nent, substrate support menber 218 is nade
froman al um num oxi de or alum numceram c material. 10035 Vacuum system
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SO y of o es

237 a as a pluralrt I di zer gas nozz 40 (only one of which is
25 shown) ich in a preferred enbodi nent are cqQ-planar,_w.th d shorter
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oxi di zer "gases before injectin gases i nto chanber n ot her

enbodi nerdel vergtings 23 (oghssoamiofswhick areghiswihyGsering XEthgsrd porality ofgosrseigay t he

gases | ntu%zzles 239 (only one of which is shown for purposes of illustration) that provide a uniform flow

20  of gas over the substrate. Nozzle length and nozzle angle may be changed to allow tailoring of
the uniformity profile and gas utilization efficiency for a particular process within an individual
chamber. In a preferred embodiment, gas ring 237 has 12 source gas nozzles made from an

aluminum oxide ceramic.

[0038] Gas ring 237 also has a plurality of oxidizer gas nozzles 240 (only one of which is

25  shown), which in a preferred embodiment are co-planar with and shorter than source gas nozzles
239, and in one embodiment receive gas from body plenum. In some embodiments it is desirable
not to mix source gases and oxidizer gases before injecting the gases into chamber 213. In other
embodiments, oxidizer gas and source gas may be mixed prior to injecting the gases into
chamber 213 by providing apertures (not shown) between body plenum and gas ring plenum. In

30 one embodiment, third, fourth, and fifth gas sources, 234C, 234D, and 234D, and third and
fourth gas flow controllers, 235C and 235D, provide gas to body plenum via gas delivery lines



chanber 213 by providing apertures (not shown) between body plenum and gas
ring plenum In 30 one enbodinent, third, fourth, and fifth gas sources,
234C, 234D, and 234D, and third and fourth gas flow controllers, 235C and
235D , provide gas to body plenumvia gas delivery lines 8 238. Additional
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Ver sa Modehtal46Fuaopelkapt separate prior to flowing the gases into chamber 213, or the gases may be

20  mixed in top plenum 248 before they flow into chamber 213. Separate sources of the same gas

may be used to supply various portions of the chamber.

[0041] System controller 260 controls the operation of system 210. In a preferred
embodiment, controller 260 includes a memory 262, which comprises a tangible medium such as
a hard disk drive, a floppy disk drive (not shown), and a card rack (not shown) coupled to a

25  processor 261. The card rack may contain a single-board computer (SBC) (not shown), analog
and digital input/output boards (not shown), interface boards (not shown), and stepper motor
controller boards (not shown). The system controller conforms to the Versa Modular European
(“VME”) standard, which defines board, card cage, and connector dimensions and types. The
VME standard also defines the bus structure as having a 16-bit data bus and 24-bit address bus,

30  System controller 260 operates under the control of a computer program stored on the tangible
medium for example the hard disk drive, or through other computer programs, such as programs

stored on a removable disk. The computer program dictates, for example, the timing, mixture of



("VME") standard, which defines board, card cage, and connector dinmensions
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def | ect i goeora®a®Hnabl tho@ompbitdrts of HyktemE® conduction results fromthe
baf fl e shape associated with concave gas deflection surface. The use of the

concave qgﬁﬁey.%ﬁg@@flgﬁ&fcgg&sto 25 substantially deflect and
all'y c

substanti Irec ean gas toward the chanmber wall also permts

[0044] Embodiments of the present invention described herein use a concave surface of a

20  baffle to substantially deflect and substantially direct a clean gas horizontally toward a chamber
wall in HDP-CVD processes. By deflecting the clean gas with the concave surface and directing
the clean gas toward the chamber wall with the concave surface, heat is readily conducted from
gas deflection surfaces of the baffle. This heat conduction results from the baffle shape
associated with concave gas deflection surface. The use of the concave gas deflection surface to

25  substantially deflect and substantially direct clean gas toward the chamber wall also permits

clean gas deflection and direction without the use of a substantial extended flange.

[0045] At least two mechanisms are believed to contribute Al wafer contamination. One
mechanism is formation of aluminum fluoride (AlF3). A baffle is typically made of a single
piece of aluminum nitride (AIN) or aluminum oxide (Al,03), and either of these materials can
30  react with fluorine to form aluminum fluoride. Formation of AlF; on the baffle is related to
baffle temperature during the clean/etch steps. Another mechanism that contributes to wafer

contamination is AlF; sublimation. As a result of these two mechanisms, AlF; is formed on the

10



cl ean gas deflection and direction wthout the use of a substantial extended
flange. [0045] At |east two nmechanisns are believed to contribute Al wafer
contam nation. One nmechanismis formation of alum numfluoride (AIF3). A
baffle is typically nade of a single piece of alumnumnitride (ALN) or

al um num oxi de (A1203), and either of these materials can 30 react with
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about® 15 resulf, &W‘RW“W&“@%?%%W@E”Wb%lég'?é%"dt“a}jlec*g‘ﬁlR{O‘I” HEaY poveer with a
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to 18 kW. Medium power processes typically include power with a range from about 8 to 12
20  kW. Low power processes are generally under about 8 kW. Many embodiments of the present
invention can be used to process 300 mm wafers, although other wafer sizes, for example 200

mm wafers and 450 mm wafers can be processed with embodiments of the present invention.

[0048] Fig. 3A is a cross-sectional view of a gas distributor according to an embodiment of the
present invention. This diagram is merely an example, which should not unduly limit the scope
25  of the claims herein. One of ordinary skill in the art would recognize other variations,
modifications, and alternatives. As shown, the present invention provides a gas distributor 300
for introducing a gas into a semiconductor processing chamber. Gas distributor 300 is made of
aluminum nitride (AIN), and can be made with any suitable material such as aluminum oxide
(alumina, Al;03), silicon carbide (SiC), zirconium, quartz, sapphire and the like. In this

30  embodiment, gas distributor 300 is a single piece.

[0049] Gas distributor 300 has a gas deflection surface 302 and a gas distributor face 304. Gas

deflection surface 302 provides a pathway for cleaning gases during a chamber clean process.
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310 are evenly distributed along the circunference of step 312 or,

al ternatify®d1y. ndBeMRE gmo@&iirﬁe‘ﬂts?%&adiﬁtﬁﬁ%ﬁﬁOCPQJntﬁz&@At Beg Rmord BerRir@&CRmENt
and nunber of apertures 310 can be tuned for a speci fic application t 0
achi eve dieseapertdiestdl Diatg ¢venlydistibpied iatong theeircunesnehef step 312 or, alternatively,
20  weighted to a particular portion thereof. The placement and number of apertures 310 can be
tuned for a specific application to achieve uniform distribution of deposition gas unto the
substrate. Likewise, the diameter of apertures 310 can also be tuned. The diameter can be in the
range of about .005 inches to about .250 inches. In a specific embodiment, the diameter of

apertures 310 are 0.060 inches.

25 {0052] A baffle 320 is formed so as to deflect a clean gas. Baffle 320 includes gas deflection
surface 302. Gas deflection surface 302 includes a concave surface 322 and a portion of a
convex surface 346, Gas deflection surface 302 and baffle 320 are rotationally symmetric about
an axis 314. Concave surface 322 is formed to fit a radius 324. Concave surface 322 includes an
upper portion 328 and a lower portion 329, so that concave surface 322 extends from an upper

30 boundary 322a to a lower boundary 322b. An arc 326 of radius 324 extends from upper

boundary 322a to lower boundary 322b. Gas deflection surface 302 transitions from concave
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substrate. Likew se, the dianeter of apertures 310 can al so be tuned. The

di aneter can be in the range of about.005 inches to about.250 inches. In a
speci fic enbodi ment, the dianmeter of apertures 310 are 0.060 inches. 25
10052] A baffle 320 is forned so as to deflect a clean gas. Baffle 320

i ncludes gas deflection surface 302. Gas deflection surface 302 includes a
concave sunfid@23@2omved sarfpor 3460at l@ferdoundary 822ts UCHmea sBdface BiSisdefmagchiaon
surface 2@2 a baffl e 320 are rotationally symetric about an axis 314.
Concave sUP¥%te 322 is fornmed to fit a radius 324. Concave surface 322
includes an wupper portion 328 and a | ower portion 329, so that concave
surface 30053bxtlcanysx purbrneaddoup pemed v molsh@arycuazath of arddiowei48bdiondaxy 322b.

An are 326 of radiys 324 ext fromu r .boundary 322a to r boundary
225, ag e ER Ao s SUURRGD2 SRR o P U Rkt Rrke oY e85
convex s Wioh€shcadbsudtack ARE o LB BErYacd23b at 160RY BurRldFY 32 WAR alcnfifiolgd in a
flange 330. (0053( Convex surface 346 is formed to match an arcuate path of

a radi us sgd&e. Ghavnigrsedfinnf efcongws surfacecBacuitecanyer awdac®BA64s at aslighhgegle ko

t hat gas deflection,surface transi.tion fromec ave surface 322 to
conves <BITAET TBMn T fERs SfacsaPISBL BT el bR, PAOUE Bl eREE e

i nt er seclen®ddidient,Qhie B ottt irdRnd2 dccohiplisitedrbiyaéttmigrth@siepe 4Bthecoatexdandl | ght
angle to provide a snooth continuous surface transition as | ower boundary

322b. | ncancayp swidegs to zesorBblomer heundany B 2se0batrihe iransitian Bamithe gencovpsurfisetp by
tti g f t
Setthhg E}geg?%ggpgﬁgz{ceﬁﬂgorﬁﬁ@t\éystﬂwh ?591.‘?1@ %ﬁ%]@ ob tHe! Bhave s%FfESé 2 ﬁétil{)e%rvﬁghe

boundary ransition rrom € concave surftace to

convex Suhgleof thexonoapiugfaet vt themahiitias Inhet anghe eadbodireeratothe anterssttionadehd S
mat ched to the angle of the convex surface at the transition. In yet

anot her SARBYP Awhace WiHbthe spRYR s fagmis 3t a syRstanbighangledoqupyide @ cantitpolsie convex
surface | : | i | Lt

surface \PpRigf R A4 SlaPOMEarfe A dn BRLHONE St AL RO,
convex surfigéce. 15 [0054] Gas distributor 300 includes a maxi num w dth 340

across the gas distributor. Maxinmum w dth 340 corresponds to a di aneter

across copus¥ SEid AGRLIGE 30MVREl Mk Wadihurd 48dthAa9 a@rdsd fiSsak aymmeut 1.4 to
2.0 inches, and is typically about 1.7 inches. [0055] Wth respect to the

| oner suMagmuof widte 3 4hieortispondsiior diameiersenns honvea suifa¢eotd§. Maximmer width 34he
transitigQn bet ween s distrioutor face 304 and,convex surface 346, simlar
to the s%ﬁﬁ)? ﬁangs?&o’rrgatéqu?il tﬁ‘ntolel‘)djomcé%?ng%dﬁé%@d?aﬁgcag © t2]2’?t”5§18§)'nvex surface 346.
Fl ange 330 has a thickness 342. o L
[0055] With respect to the lower surface of the gas distributor, a smooth transition is formed at
the transition between gas distributor face 304 and convex surface 346, similar to the smooth
20 transition from concave surface 322 to convex surface 346. Flange 330 has a thickness 342.

Thickness 342 corresponds to a distance equal to twice radius 348.

[0056]) Fig. 3B is a cross-sectional view of a gas distnibutor positioned in a semiconductor
processing chamber according to an embodiment of the present invention. Gas distributor 300 is
designed to be positioned in the semiconductor gas processing chamber. As positioned in the

25  chamber, gas deflection surface 302 corresponds to an upper exposed surface of the gas
distributor, and gas distributor face 304 corresponds to a lower exposed surface of the gas
distributor. Gas distributor 300 is supported by an annular structure 360. Annular structure 360
has a channel 362 formed therein to deliver the deposition gas. Rim 338 engages annular
structure 360 and is adapted to form a seal with annular structure 360. Threads 336 mate with

30  corresponding threads on annular structure 360. A shoulder 334 is located on the gas distributor
adjacent to upper portion 328 of the concave gas deflection surface. Shoulder 334 mates with a

corresponding surface formed in an annular structure 360. Annular structure 360 has an outer
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Thi ckness 342 corresponds to a distance equal to tw ce radius 348. [0056]
Fig. 3Bis a cross-sectional view of a gas distributor positioned in a

sem conductor processi ng chanber according to an enbodi nent of the present
invention. Gas distributor 300 is designed to be positioned in the

sem conduct or gas processing chanber. As positioned in the 25 chanber, gas
def | ect i anfasn Bﬁaméliéﬂﬂambea“waomision 32&nf thepencask gas eefltivh acdacefsotabe gas

di stri butor s di.stributor ,face 304 corresponds to | ower exposed
surface B’io"idr?é’ th Sréaceitiasibpn fr@H‘s&"H aagy! i’rb%‘PB?'}t) Sectpes g stdeflegiipnan

annul ar lrfdde! fog vBRQ46ARAULAT anSinhiial H]Sé?-mfﬁG%S iResne chiiapgel 362 formed

therein to deliver the dep05|t|on gas engages annul ar structure

360 and a m ul ar structure 36Q. Threads,K 336
e i o 1053 e el At P Els S0kt ctaRR R bas B B i on i aPte: 934
i s | opat gdeaniwiictoRSratbddrid BUROfirst aﬁb(ﬁi‘éﬁntrob@ch'lpmrdl%fstthé’@Ie%gasoéo&mm
concave gas deflection surface. Shoulder 334 mates with a corréspondi ng

surface fror fiestidirection 38Anridngrupper partion 8286(the Aﬂhdﬂfhct!em smx&q@r So3Boe hta£acan

out er 3 es u ortio t he con
deflectlgﬁg ‘?Sati'gcg&nﬁs %nzoﬁ'ﬁag(}lﬁés ﬁlﬁrteﬁ“%ﬁza 8“@ MPPFW%% the
annul ar  sRRG Surfeck Y Wnd skorddBreden 98S ls@ahéfse t8 wrétaﬁx%cu&?psw eéncd 9o

i ncl udes an annul ar openl ng 368 into the chanmber. 100571 The baffle acts to

di vert t buaface 32 afsotdirects ithegleapegnsthogmentaliy s thitil directicoon3 34 and tendatickcon 354

dire on which is tra rs he fir ection nt .246 directs
the el PO B A ORREROR 50 chRGF biion i 28 Eib S bR, AP~ o6 Prsids of
the gas gefdcecida®T pasldéffztion C@MER\302 S Gak deRectidR JudhdeSt e xtdids aloRgRe@Ad

hori zontally in a second direction_ 352 al ongﬂl ower portion 329 of concave

surface gectioadd2decodigtanre eeg thatthirkpess 342 phfanaa¥® - to first direction 350.
Concave surface 322 also directs the clean gas horizontally in a third

di recti of0038}t, FandQisiartdp dicwesftd g3 deshrbuitOr dsshbwaris ¥ay. 3@ dogoddinigstio ali r ect i on
350. Concayve Ol‘tlé)n 322 canprises abouf) 90%.0f., an_exposed . surface area of
gas def | EBPpgmestpfihe aresent, mt%%loaeﬂSéerf BifeRn i dCanpng et HRddrugiueiighewe ond

di repd | o FpZaA ke ﬁmqlé%\ﬂ@?gasﬁgﬁg:syﬂ[?e&m heraied 43, O IEég aRgHutt? 300 H00PS]

Fig. 3Ci top view o tor as s according to
an enbodircBatshepe. t Flenger Hdehs anpueulti thape. Asowarbooedagd2b hada gircid4s, shapeny of

the structures s Fi 3A are.annul ar and r,ot ational|] ric.
Ot er odbaneys spras2 2t b e e s arals B aranaar SSnay LPPe CopRA g g2
an_annul gf cgileaResurfa¥892 RAUNERENar3RARe. ISuRlef 3 1L s a%h@l@?shap@o"]ﬁ?é\ﬁﬁs 534 face

322 of the gas deflection surface has an annul ar shape. Upper boundary 322a

of concathevesan gnaplar Sixpeh Rdma3 38 hag an annuwdrasbeape. S} el sB34n ffergeterenganul ar
shape. Threads 336

20 [0059]) With reference to Figs. 3A and 3C, it will be appreciated that concave surface 322
comprises a portion of a first torus, and convex surface 346 comprises a portion of a second
torus. Concave surface 322 is defined by radius 324 rotated about axis 314 to define the first
torus. Convex surface 346 is defined by radius 348 rotated about axis 318 to define the second
torus. Thus, lower boundary 322b is a boundary defined by the intersection of two toric surfaces

25  adapted to mate with a smooth transition from the first toric surface to the second toric surface.
In alternate embodiments, either the concave surface or the convex surface, or both, are defined
by non-toric shapes, for example shapes defined by elliptical curved surfaces, cubic splines and
the like. Also, stepped surfaces using several small steps can be used to define the concave and

convex surfaces.

30 [0060] Fig. 4 is a cross-sectional view of a gas distributor 400 with a truncated gas deflection
surface according to an embodiment of the present invention. A baffle 420 has a gas deflection

surface 402 formed thereon. Gas deflection surface 402 includes the concave surface 322 as
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have an annul ar shape. Rim 338 has an annul ar shape. Axis 318 is shown for
reference. 20 [00591 Wth reference to Figs. 3A and 3C, it wll be

appreci ated that concave surface 322 conprises a portion of a first torus,
and convex surface 346 conprises a portion of a second torus. Concave
surface 322 is defined by radius 324 rotated about axis 314 to define the
first tdesasbedCihowexinsludingamppsdiforiisn A28 amkldwey portidh 329 3.Gas deflattied salfauttd0axXi s

318 to defjne the secqnd orus. T , wer bqundary 322b is a _boundary

def | ned" ERHSORE FAEE GaEt #5 illngg, 4tbinelsOERin SRLATeY oxiE e B2k e it h a
smoot h t RARFhilrh Qﬂdthrmafc%s _fHerb%Tfﬂé éHrl‘&pé‘fWSﬁ@% &iﬂn&t@?a&@é%@yﬁn&ﬁédl Guepr f ace.
In alternate enbodi nents, either the concave surface or thé convex surface,

or bot h, sufasedd?i AadulabpdgectBtoonnectsgaspied cctionrsudremil ewishaptes clliddrived by
el liptical .curyed,surfaces,, gubic | hes an he like. Also, stepped
ur { Sbes MERE o pBPLF §F 19207 e Blo B BB BES oo R SRRSO RUER finc
convex Susfag esic iPfak®O0RA hnfriniar edhel 484 @0ARREBSzaS ARIAHRAG! fa¥d S04 Rith@yAAdrical
distributor 400 with a truncated gas deflection surface according to an

enbodi neptteosurfae 4p2.eddhickness di iob flange 438fcoiTesppn0s Hesdiatanes adtessl fange 40
f 02 f d.th . Gas. deflect] f 402, i.ncl udes th
urt ace 595 1a8eARS a0 ian BB Porit U L Aol 58 ua e R ¢
portion 329. Gas deflection surface 402 ends with annul ar edge 482. A
fl ange 4H®61hclFigidsis arasyiseetihmakbuewaineges digirfbates SHQwithpan srmuilandlet Warition440
the haf _ . . cal. out
Cur Ta0e. 30 S T ERARERRRAES bRehBandbAE s FEIRRE SUEIBLRARI . ouicr

cyli ndri egbodinfert fxhe pdesent ilventibAr TRel gencdBsurface and dertiek Quifhdesarsdet radi us
of curvature and conprises a_convex toric¢ surface. An annul ar edge 484

connect s Syfasespsdssrnbrdaborec Sagdstriguias SO0 paches abaffledlovith g eradeflection A
t hi ck L

from | owsirTiee sB2 fofierdol, EGREERHORI sp0 oBmBlises36E: 7307 87y bRt
near annuteanf gahodefleBdon sukfie6 5D2.FGgs distribaton 500 arsdudes atgap datributevfacd 5@ gas

distributor 500 with an annul.ar flat transition 10 portion 564 extendin
bet ween &daRted e distabuls Avierogien %Péf\?l&t%neaﬁreé&ﬂﬁaeig sEpadPdd fgsaribed gbove. Gs

enbodi megtaQdioh BE RSO NhellidseBhERR surth DONEANEar F1E [rACEHANFLrRBR YEX asdidnl aCes
are toric surfaces as described above. Gas distributor 500 I ncludes a

baf f | e 52gpanipptticn afascodeéd sufacef46.stnicave sElR e33R patendhesteeen uien bavralary

portion conpri ses abo 5%, 0f ,anp exposed. s ac area of

def | ect i gﬁ%ﬂ}drqg}%’ rg‘ﬁﬁ‘.%a% 2gia¢ P‘i‘%ﬁ‘{%?‘pgﬁdmﬁhoé’l éeaé’%alo‘ﬁgrspodﬁg? ??&Eas[ or face
504 15 adadtiged hsbvel Arnubid et Rard@RASIrieNs @RsroWideda aRBHthUF88iti3a GroanebRat ep
312 as descri bed above. Gas deflection surface 502 includes concave surface

322, 2@nnewrdgce3R3to conmesisuitese 6r ti on 564 and an

{0062] Convex surface 546 includes a radius 548 and other attributes of the gas distributor.
Convex surface 546 extends between an upper boundary 546a and a lower boundary 546b.
Convex surface 546 includes an outer edge 532. A maximum width 540 across the gas
distributor corresponds do a diameter across the distributor define by outer edge 532. Annular
25 flat transition portion 564 extends between lower boundary 322b of concave surface 322 and
upper boundary 546a of convex surface 546. Lower boundary 546b is positioned between
convex surface 546 and gas distributor face 504, A flange 530 includes annular flat transition
portion 564 and convex surface 546. A flange thickness 542 corresponds to a distance equal to

twice the radius 548.

30 {0063] Dimensionsof annular flat transition portion are related to other dimensions of the gas
distributor. For example, the distance of annular flat transition portion 564 along maximum

width 540 is no more than about 10% of the maximum width as shown in Fig. 5. In some
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upper portion of a convex surface 546. Concave surface 322 extends between
upper boundary 322a and | ower boundary 322b and i ncl udes upper portion 328
and |l ower portion 329 as described above. Annular flat transition portion
564 provides a snooth transition fromconcave 20 surface 322 to convex
surface 546. 100621 Convex surface 546 includes a radius 548 and ot her
attribut @mbodimemés thedistiinse of thetaonular {griteosition pbrioe 1546 nexe Sradsibbett203enf thn

upper boundar nd.a | o boundar,y 546b rfa e 546.incl udes
an out or e 34, SR i meRe R e r v SRS R G dgRion S nd
COr I espoRglse danabemamt)erheaﬁmmni WRItE BitsohtWntioddatntBahéry 108 Bkt AAURr 532.
Annul ar 25 flat transition portlon 564 extends between | ower boundary 322b

of concaV@ngilipd peiEoBRr gxaMp eaf)ého»ﬁmhwa#ryl‘maﬂa 36¥ tocipas thesenneaveepastien  Lower
bound 4 t dj. st
Poua 8y Aol ROBLIS RASA BELUTER ARt RGBS Pl

convex sumﬁ@ee 5,416;1 A flange thickness 542 corresponds to a di stance equal
to twice the radl us 548. 30 [0063] Dinensions of annular flat transition

portion ﬁ(ﬁﬁe glﬁé s aoﬂ(}% L ﬁfugt?%}ﬁl'gtoaqﬁet%d B?ﬁ’ ogfi’t%cesg{n ;r%g%} Qfith A R reased

exanpl e, ance annul ar ransition® por al ong mwaxi mum
Wi dt h 54@edsen timent eAltdoanndhaivn, kdcoidandeevitma embodintthho fthie pheiam m*ﬂenﬁblg 5.
In some 15 enbadi nents the distance of the %nnul ar flat transition_portion

is no norec Fﬁ’a?ha%{%ﬁ‘e&éw{é'ﬁa'ﬁ%‘ée chambsryrihvingeas baffle ¢ describadabaviselors, t he
di Stwceeﬁméﬁsﬁwn ki §aa n@rﬁﬁsrﬁé aﬂo LR rbﬁuol% to TRIafl tﬁ{a{aﬁ?o@wm 5% of

t he maxi mum odi nent s, ere I'Ss |'at annu transition
portion, dt-pﬁndemahphetueesofsthowmlabmﬁwtqnpr@egpcs espRAed dheﬁbasen;tltdeethe(atwa\ges

portion 5 ansi tion r.ectl oth i( otion aI E oundary
Dot wean BRYCEBRIERSH 0 it rbeehee. & SRR B A CRoEI00n PoRH MR (87 | o
chart illMatedtlahd% SadRERAS B30nRfutdd! ¢ 82 d‘gg 380 W@ﬁﬁlhte‘éﬁ A@e%oﬂ%ﬁ&rﬁ@e?%@to he

season tine and Al contam nation, iIn accordance with an enbodi nent of
present 630 eedsoonthe charsbeavitichn dcnmemostgap%p_rovxdle aanstettine: whtinpas desctibed he gas

baf f | des bed 3C. Th
oroul oRbP Yo PR Arh ueR e AR Rafs DR S ehotkh ARanat el ar Ot
the sem gRngiagiver isNERABHSEBsRIM QYR ExathPR fFERREHEUL LS 18 60 kE@nal &fen Gdsn atdug/ or
gasses used and the tenperature. A typical clean tine ranges from about 2

m nut es t2§tg45 macmdwndamferablkffqreﬁbwt&ﬁnte 38 semngs-ndindasertivgrfesiempiGingersg 4
mnutes. A s %&9&0&»0?{&?1{ o H%Ra Qé%o%ﬁﬁgﬁés‘g?feggs Op%*aﬁ{gﬂgé aMdAriBeARR0E! Whon

gas to provi e a protective coat
apply HDP-CVD gap-fill layer to wafer step 640 applies a gap fill layer to the wafer with an

20  HDP-CVD process as described above. The HDP-CVD process can be any one of a lower
power process, a medium power process, and a high power process. The gap fill process is
typically applied for about 60 seconds. A thickness of the gap fill layer applied with the gap fiil
process is often from about 40000 A (400 nm) to 8000 A (800 nm) thick, for example to 4000 A
(400 nm) to 6000 A (400 nm) thick, and typically about 5000 A (500 am) thick. Although the

25  exact amount of Aluminum contamination in the gap-fill layer of the processed wafer will
depend upon the exact parameters selected, the number of Al atoms is typically less than 2 x 10"
atoms per square centimeter, for example from about 0.3 x 10" to 2.0 x 10'? atoms per square
centimeter, and can be from about 0.3 x 10'* to 1.5 x 10'? atoms per square centimeter, and
preferably from about 0.3 x 10'* to 1.0 x 10'2 atoms per square centimeter. A remove wafer step

30 650 removes the wafer from the chamber so that the wafer can be subject to additional process
steps outside the chamber. After remove wafer step 650, the chamber is cleaned and steps 610 to

650 are repeated for additional wafers.
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15 above, for exanple silane used to deposit a protective Si02 |ayer. The
anount of tinme to season the chanber is |less than 60 seconds, for exanple
from about 25 to 60 seconds, often fromabout 25 to 45 seconds, and
preferably from about 25 to 35 seconds. An insert wafer step 630 inserts a
sem conductor wafer into the chanber so that the wafer is positioned as

descri bed0%5dy eAnygombipatign efsamber ¢lapn Hme, sepgopdime, dndpregesspayperé4n bappl i es
a gap fi E\}Bl:t%é{ & %lto(s)/ufer}ede\bsﬁ‘&? fev)é\f (gfqné}?l 62(91P %Qﬁtaﬁ&tg%o%sss%aé%% tﬂﬁg 'lcsrlln(t;) géjs 8‘ bove.

HDP- Ss can prooces power
pr ocess mad1al amrhlcghuamronmreaea@s and e s@@qamftmhd 1smel@etea$o pﬁov:deyrﬂet@lallohy
applied for about 60 secaonds. A thickness of the gap fill layer applied with

the gap fPMamiptigpdhal is EeieYVtaemeq'q*@mla%ru@x'mm@ osated gmony. ToPrgionee wafes00
Cubi cal |y el e BB efots g kol seh et trfhal fho PRAED eyl ity EcPharhafiin 5369

Al unmi numtboptedeemanedambantt Fer gegmle) d selamnetrme)bf Bheecpndcanisan prafids a wietal
depend upon the exact ﬁaramatgéf sel ected, the nunber of Al atons is

typi cal | Yo e¥amingromol .21 " Al aioms psF squgtrceatimsteyr ithat dshelow rmexiangl e from

about O. 1 e be from
about 0. g x 101 (Sd?n%fgsx)& ii{’(;l%lgftogﬁpegg‘i“iﬂt@?@%ﬁn??mﬁggsm%ﬁ% csgrr%eferabl y

f r om abouecdnds, the foddl 2inotolcl€andhd O#ntzer qrtacepbe watpnam ehecdhiamiber pescessAhe evatey in

waf er, _ste nove f.er fromthe chanber, so t he fer can
be. oUB] edbe Shamhaamnd Ve shoate fog W habs; e CTHD%s FaBE et e By e

vafer step,@wafelepeshdoer i s cleaned and steps 610 to 650 are repeated
for additional wafers. 16 [0065] Any conbinati on of chanber clean tine,

season ti a r n.be ecte rovi.de a_desi ed Ievel
of oot al et o RS RE BrBRciEled W00 iSipedfe S MustpRa S hieir e R

cont am NgfatQii £l et RABEpradidsin @ vefasRBordiniRoiaf effdoBih&f of &eﬁfr@ééhdi%véfﬁioﬂ' ion
contam nation that is below a predeterm ned maxi rumtol erated amount. To

opti m ze Qherseqsenchy of giensunay ¥hebe peréermed mpeordimg e aliernatévesembadinrents hEer

pr C)V'l es e%& ie At %tﬁ/%%‘lfb@&%ﬁédt? Ot ltgn ppég/gnt 1n§enﬂoﬁq§aé§feg?0%qh$w<§]uth# A above

exanpl e, aSon seconds "and can provi

cont ami nah laQﬂfffaéntJoraerx M&tavet| thatindisidpalrstepq iiduseramedrih Figir€ 6 ridyahclude Daltpie a
maxi num tolerated anpunt of 1.5 x 1012 Al atons per square centinmeter. Wth

a season uprepsthabmay bedsHaEmed Wevariguntequenass %atmr@mﬁt% tethe pndividpal sipace t he
waf er %%Eb E5Smhy h Rt :
waf er fron‘ﬁﬁﬁe C aﬁc)heur&cggr esp%nggx%ﬁa Pﬁ?ou ﬁ%ﬁ n?érgr?{t] as%gu%%@tléa brs.

waf er s padnenafirdinpQOEA] inl the attowdudd beeogpipe manyatrmhttohs,tmmdiﬁcahms,i dndaltsinafiees.
illustrated in Figure 6 provide a

20 {0067] 3. Experimental Results

[0068] Preliminary testing with embodiments of the present invention show that significant
improvements can be achieved, including reduced Al contamination and increase throughput of
wafers processed in the chamber. Testing with embodiments of the present invention typically
included single piece AIN (aluminum nitride) gas distributors formed from a mold and NF; clean
25  gas, although other gas distributor materials, for example Alumina, and clean other gases, for
example Fy, can be used. As an example, preliminary testing with embodiments using a high
power process has shown that Al contamination can be reduced from 1.3 x 10" atoms per square
centimeter on the substrate with a season time of 120 s for a prior baffle to as in Fig. 1 to Al
contamination of 1.2 x 10'? atoms per square centimeter on the substrate with a season time of 30
30 sforabaffle as in Fig. 3. The thickness of the coatings tested was about 8000 A. Therefore, an
approximate order of magnitude decrease in Al contamination is achieved while decreasing the

season time from 120 s to 30 s with a high power process. A decrease in season time from 120 s
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particul ar nmethod of processing a wafer according to an enbodi nent of the
present invention. O her sequences of steps may al so be performed according
to alternative enbodi nents. For 15 exanple, alternative enbodi nents of the
present invention nmay performthe steps outlined above in a different
order. Moreover, the individual steps illustrated in Figure 6 may include
mul ti pl e to30Ks-cen eqsgltnm@n msga%m welersaraeassadrpey hepwrdinemabguichwefersio 8 wafers as
appropri t he indi ther ddi t.ional steps nay be
added or%%ﬁ%?/@b r&f Sea 3% %ﬁal,?tnie% PPEE elprPgéggmgi ?39733—?{5 One of ordinary
skill in the art woul d recognl ze many varjations, nodifications, and

al t er nat 10869}  big. | siyvs a eompagisen Pﬁ@ﬁ@raran@@msﬁgr 1 poesgasphigribwohasip Rigdt i ng
with emb

pr oversi e g Sisflbd et ERE SlackMERE AR RONAGEL! Mk B0knion, The

I ncr egse selvoaughpior eath tevvad ahsommewsemlsamé ha ‘clanbinal e athingywnith versus
enbodi nents of the present invention typically included single piece AIN
(al um nurH™®E isshawy iy Eie. di S1saniABIss’ A2 RrOTReR T Hhepiter Histribyterandale gas,

al 1 houah (Q48PLmBRRmthe HdshBtlyRly, Ticidas g%lafs%ersmqmrsd edlmrﬁofa er FflsHhfan

ot her gases, for an exanpl e, I mnary
t esti ng Vinfrared shadiossopy FUE Ndrte dicagtsignabvier thBﬂWO@lSﬁnhtﬂGrs&iﬂé)mr[}hdént&hl and

contam nation can be.reduced fr 1,3 x 1013 ato per square ., centinmeter on
the substAVAOSIBH a'&‘%é&g‘ﬁﬁ‘cﬁ? nﬁ%ﬁf%@mi é’é‘i‘e“éﬁ %F the presentiinyentign gan prevideg. 1
to Ajg C%ﬁ[ﬂ?@%a@fbn@ﬁcs]thgt ate ﬁQaJr% 1@&:91’5%1 with t%?é?gﬁ@%dfﬂ@%@'ﬁha@% elt eed

substrate wth a season tine of for a ba as In .

t hi cknes scnnifodtrhentcsaectmm@let wigh eyttmsthabm&tth@plﬁ)@ bafflg laad ehiemesxpd ambodiment can
appr OXI ﬂ tude dec¥ ease b Al c?gt am nation is achieved

Whi1 e dedteduli & #31 o0 CRESAHeOR ST B PRERserbrdon s wth a gh power
process. A decrease in season tine from120 s 17 to 30 s can result in an

i ncr ease [0A70)af Eigs8 phaowes smlpqmpn hﬁarl contaminabon in mef:@rrg ctharr@emitb Rprias

t he chamber asone ver al roce

100601 Fiigs SFTIRBRE AT Lo A g0t SurrilioraRin B RlbaReld of epBoffieRlorthe
di st rl'SbUt;ﬁéseﬁSmlvéntBng .The se@df tidnedwss st & 100300 Ehe%frod:d%séﬁl Wed Soraﬁqpmﬂélgot 0 an
enbodi ment of the present invention. The 5 season tine for each tested

embodi merRrovige ap pwsessmeant ofithe effsetrof shegprifle on phl sppamingtipny Rreaess Apess medive | s

shown i n Iﬁ)'vgar P djc;%ekﬁa@&g% %ﬁ@éé‘%n)gé o%tgl%%ow ﬁllag:i’x\@cés%)_%asle? cPJdeSrNF

di stri butor a nment espectiv ean si g an wer e
nmeasur ed SiHyandoyighes. Rspnsdesy MusehNFaaedimspiant posapgheniibal lr&)ctiondissedigad
signals for, the two distri but}ors are nearly |denleﬁical and . show no
substant.\anth Hiering ap belicved e Pe s Riman  Sase o Aham CPW@"W%’SOQMM‘F"A%I?PWS% can

prov'z@ &1sg ][Erﬁ&afsi ﬁ Wer! o?taftzlgrsﬁt {gﬂﬂély%@ca@seﬂ o HERNpb & pritdsbwiiie

tested prior at the
power of approximately 18kW and process gases that included NF3, H;, SiHs and O;. As

process B was a high power process, thermal reactions, for example sublimation, are believed to
be the primary cause of chamber contamination. With respect to process A, the tested prior
baffle provided Al contamination of approximately 200 x 10'% Al atoms per square centimeter
25  and the tested embodiment provided approximately 70 x 10'% Al atoms per square centimeter.
The thickness of the coating applied with process A was about 4000 A. With respect to process
B, the prior baffle provided Al contamination of approximately 1000 x 10'° Al atoms per square
centimeter and the tested embodiment provided approximately 30 x 10'® Al atoms per square
centimeter. The thickness of the coating applied with process B was about 8000 A. Thus, the
30  tested embodiment provided approximately a factor of three improvement with the medium

power process and approximately a factor of thirty improvement with the high power process.
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enbodi ment is conpatible with systens that use the prior baffle, and the
tested enbodi nent can be provided as an upgrade to systens that use the
prior baffle. [00701 Fig. 8 shows a conparison of Al contam nation in a
processi ng chanber with a prior gas distributor as in Fig. 1 versus a gas
distributor as in Fig. 3 according to an enbodi nent of the 15 present

i nvent i ol007the Bieabore-deseribag arrangementsicf@pparatys anﬁmeﬁrwb@&mrméhhstmwebﬁt h
baf fl es t V|de . t.he eff ffle o

cont ani nd P(')r?? ro%tggggia Pe?@gﬂl (c)i‘fve?nwn a&\ﬁeranﬁrogéeersey O%a ik 83"?)8\?8}’{ cgfions

appr oxi maisl e rhaddVith@i deparing $mohs epirit Bed sudge of\lﬁ'ﬁ,mwemon%b kéfimeicinQRe gases.
As process A used NF3 and nmedi um chem cal reactions associated wth

f1 uori ne chaims.HEne asppa of @ebevw'@nﬁﬁwiﬁ,rtber@&u% eegtetermangslatot v i rgfarengeite the
Medi um p eRse

i o pavye GRoRARARIRs SRS be dRERRRN A Lo BRREC FER BB BEEREu L™

t hat inchudemehﬁalmH@eoSb#MvﬁBQSOZ. As process B was a high power process,
thermal reactions, for. exanple sublimation, are believed to be the prinmary
cause of chanber contami nation. Wth respect to process A, the tested prior
baffl e provided Al contam nation of approxi mtely 200 x 1010 Al atons per
square centineter 25 and the tested enbodi nent provi ded approxi mately 70 x
1010 Al atons per square centinmeter. The thickness of the coating applied
Wi th process A was about 4000 A. Wth respect to process B, the prior
baffl e provided Al contam nation of approximtely 1000 x 1010 Al atons per
square centineter and the tested enbodi nent provided approxi mately 30 x
1010 Al atons per square centineter. The thickness of the coating applied
Wi th process B was about 8000 A. Thus, the 30 tested enbodi nent provided
approximately a factor of three inprovenent with the nmedium power process
and approximately a factor of thirty inprovenent with the hi gh power
process. 18 10071 The above-descri bed arrangenents of apparatus and net hods
are nerely illustrative of applications of the principles of this invention
and many ot her enbodi ments and nodifications may be nade w t hout departing
fromthe spirit and scope of the invention as defined in the «clainms. The
scope of the invention should, therefore, be determ ned not with reference
to the 5 above description, but instead should be determined with reference
to the appended clains along wth their full scope of equivalents. 19
Clains 1. A gas distributor for use in a sem conductor processing chanber,

t he

19



gas distributor conprising: a body including: a baffle with a gas defl ection
surface to divert the flow of a gas froma first direction to a second
direction, the gas deflection surface conprising a concave surface, the
concave surface conprising at |east about 75% of the surface area of the gas
deflection surface. 2. The gas distributor of claiml wherein the body
conprises a flange around the periphery of the body, and wherein the flange
extends radially outward a distance fromthe concave surface to an outer
edge of the body, and wherein the flange distance conprises no nore than
about 25% of a maxi numw dth across the distributor. 3. The baffle of claim
| wherein the concave surface conprises at |east about 90% of the surface
area of hgiHgs deflection surface. 4. The baffle of claim1 wherein the
concave surggte extends along the first direction near an upper portion of
the distributor and extends along the second direction near a |ower portion
of the distributory 5. - | mhRas I ace
conpri ses several l'stepg%iedgtazggylnﬁgpﬁoﬁggffgrr?c%ve sggkﬂgggg%?%@%@églgégﬁe:ndi ng
from a f gasshistupyer cpopdisingt of the concave surface to a second | ower portion
of the concave surf&§$.‘6 The distributor of claim1l wherein the baffle
conprises a flange? RPPHingludingnyex surface peripheral to the concave surface,
and wherein the baffle s adapied ghoddietasd sufrraﬁetcgaﬁeﬁ&ﬁé%b%fa;gaéﬁo a
direction to the second direction-w thout a flat transition surface between
t he conchwsedientionde a sewbnt directoony ¢he sasdefledtionFurfitecanmisingdaitarcand surfaae,m |

wherei n the body includ iqn . that extends al ong the first
i oot | oltSERBALS PYRRSoRPTna st A0 A e oEh % SE B FaagetherieRy | on,

and wher girfackhe fl ange portion extends al ong the second direction beyond the
concave surface for a distance |less than a thickness of the flange portion.

8. The distributor of claiml| wherein the body conprises a neck positioned

near a gas supply port Tbe geagistribhter gf elaim boherein dhedbasiyeroaipaisesheflingsk

extends al on n_.axis, thh S flection rf enegral ly rotationally
synmmetri o1 me%teﬁgl){eﬂiog Fhegbr?g% ngg‘?'ﬂé?r ltnttﬁeeﬂ%#] eset%%idgé%cﬁ?l n ' yas ao‘%lﬁta{’??e axi s
and the #emQRélcelicaeiiirtite ite amvatdr édgROftiEbayl and wherein the flange distance

comprises no more than about 25% of a maximum width across the distributor.

3. The baffle of claim 1 wherein the concave surface comprises at least

about 90% of the surface area of the gas deflection surface.

4, The baffle of claim 1 wherein the concave surface extends along the
first direction near an upper portion of the distributor and extends along the second direction

near a lower portion of the distributor.

5. The baffle of claim 1 wherein the concave surface comprises several
steps to define the concave surface, the steps extending from a first upper portion of the
concave surface to a second lower portion of the concave surface.

6. The distributor of claim 1 wherein the baffle comprises a flange with a
convex surface peripheral to the concave surface, and wherein the baffle is adapted to divert
the gas from the first direction to the second direction without a flat transition surface between

the concave surface and the convex surface.

7. The distributor of claim 1 wherein the body includes an upper portion

that extends along the first direction and a flange portion that extends along the second
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9. The distributor of claiml wherein the body conprises a | ower exposed
surface adapted to di spense a deposition gas, the |ower surface having a
central portion and a recessed peripheral portion separated fromthe
central portion by a step surface, the body further including a gas inlet,

a plurali of gas outlets disposed in the step surface, and a gas passage
connect i rﬁit e gﬁﬁgﬁe{e@ {hﬁﬁﬁggp%ﬁf’f‘)‘ix@?‘_isgﬂg‘% Segond dy :Ct‘%‘éeyé’ggthe

di stri butcohcad seHf@defol a WRGinE Rest Nfan AaRickhasS bf MelfRhgEpHRbhSes a single

pi ece. 11. A substrate processing chanber, the chanber conprising: an

encl osure having a ceiling and a sidewall; a substrate support adapted to
support a substraté: a gdif dstsbutopet Jrinpbyihercinihig bedy cemprisesansgls t he

pavi ng. e uuaed acer o B ARy S Ohe FRERLP BB PRt DO L% RalF [ o

t he body anndist theaas defldttion Boifaeerall g emmidnally BembeReS aboRx MRS, end f ace
a concave portion, the concave portion conprising at |east about

conprisin _ .
75% of twgleaerlweoﬁwtqiiéecaawal%%@alsgaﬁﬁw,coa%rm@ﬂrls Molomdhp#iisi ng a

| ower exposed surface below the upper surface and spaced apart fromthe

substrate support, 19t2he 'ﬁ%@q{i%ﬁHﬁtBﬁSPclaiﬂgf‘Whﬁf&ﬁ@ﬁgﬁggrﬁbm rig{sa%ml 0988

into the chanber. . The substrate processing 0 alm erein
t he | owersurfseerddapted codisperse a depastindr gds, theléwarsuefact lraviere saex! pertioplard al

portion separated fromthe centr ortion a step surface, the body
Porther  THERAIRRGPLELROTT SPAredoRaRs tapvat oen E aTediaidrs SR n ¢ he
step surfmtfor iﬁd?gdiﬁgg sHﬁtﬁt?ﬁ?ﬁrﬂﬁ?ﬂ?%&s‘d&ﬂeﬂs%ﬁbéﬁﬁh tﬁé’st&ﬂr"ﬁurﬂc@,rﬂd'at sOf
gas outlets. 21 13. " The substrate proCessing chanber of claiml | further

conpri si rpgssage cameating thstinlactouhepliraitpsbghsamtetsd a portion of the body to
define an annul ar gas passageway adapted to direct the gas towards the

baffl e upper surface, 1 A gas.di stributor. for u in S, processi ng
chanber, the gas gi%st riélgtft%? %bs ?rs‘?tjr?fgalmal %gﬂﬁlnﬁﬁﬁﬁﬁd@ﬁ%‘gu ?Sg?Pf'%estao
divert a sgagepiele baffle conprising a concave surface to deflect the gas
froma first direction to a second direction, a convex surface di sposed

11. A substrate processing chamber, the chamber comprising:

an enclosure having a ceiling and a sidewall;

a substrate support adapted to support a substrate;

a gas distributor positioned centrally above the substrate support, the gas
distributor comprising a body including a baffle having an upper exposed surface adapted to
outwardly direct a gas away from the body and towards the enclosure sidewall, the upper
exposed surface comprising a concave portion, the concave portion comprising at least about
75% of the area of the upper exposed surface, the distributor comprising a lower exposed
surface below the upper surface and spaced apart from the substrate support, the lower surface

adapted to inject a deposition gas into the chamber.

12.  The substrate processing chamber of claim 11 wherein the lower
surface comprises a central portion and a recessed peripheral portion separated from the
central portion by a step surface, the body further including a gas inlet, a plurality of gas
outlets disposed in the step surface, and a gas passage connecting the inlet to the plurality of

gas outlets.
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peri pheral to the concave surface, and a transition surface di sposed between
the concave surface and the convex surface to provide a transition fromthe
concave surface to the convex surface, wherein the convex surface conprises
a maxi mumw th across the baffle and the transition surface extends al ong
t he maX|rrumW|dthf n(raﬁrmrethan about tn1 rraé gumvmdth 15. The
gas distributor of ! 1 ai rhn§ 2UDSHateRIACESHAs € % ‘Trtoif(‘} g | s BT COmIRSIg a8 ong

the maxi gawaIM s‘ﬁﬁbtu?@dhsﬁt%eﬂﬁfcﬁmﬁ E%nﬁh@ﬁthé@&&ﬁ% drehﬁe HRXAAH %’ES %tagbagév@ay The

gas distributor of claim 14 wherein the convéx surface conpr
t hi cknesgdagtaskig dineet the gas tomarctsdbbbafﬂ&nmcmrfacansu tion surface extends al ong
the maximumwi dth for a distance | ess than the thickness of the convex

surface. 17. The 938 di %éﬂsbcﬁ'&ﬁﬁu@; focg@%weamag v&!c%é'ﬁwg%‘é %,bﬁ%ve surface

conprises a concave torit surtrace an ex"s &¥es a convex
toric sudisaftRitorasothpalsiigei N the convex and concave toric surfaces are
adapted to provide a sm)oth transition fromthe concave toric surface to
the convex toric sabpdeicludng: A gas distributor for use in a gas proceSS| ng

chanber, the gas distri l%g}- Irsrg?{dég cb%f @%ﬁ&cﬁgc@%ﬂ/g%{r e to

di vert flowof agasfroma 0 a sec 3ﬁw|tha

gas def | deflécothepas frvaea ﬁt-dndxrgamndefalseadndaﬁresmsrf aceneeNRirfase digpesudcave
surface, a _convex surface, and a transition_fromthe convex surface to the
concave BefRhgEal to thesopemye syefaces and agangdRRpTirien gisppseddssvecaybe conravs of t he

surface aiéeaha {Solex ARFLEES bR BUFAGRion iy uld ARSI AREOMIAL 51,0

more than out maxi mu acros e bo a neck di sposed near
an upper swfml:ep@hetrhm thedynvex 2@rface cmmﬁsm(mmeiﬂnm mﬁﬁmrm a]pﬁ eaffle andiih@pe nse a

deposi tion asthou Iurllt ofjet the | ower s ng a
Contral BRRICGHuE el SRR ufot 1o mors DisaehpeeE B GhiE

central poLth@AR vANHE Step surface the baffl e di sposed between the neck and
the |l ower surface, an axis, the axis disposed along the body fromthe neck
to the lower surface, the gas deflection surface generally rotationally
symetric about t héSaxi Theghedisiributor oficlagu il # orhendin thy transition ssrfacedexténadssecond

directi Onlo%g ( égﬁrnﬁu%]\%mﬁﬁ for' no more than about 10% of the maximum width.

16.  The gas distributor of claim 14 wherein the convex surface comprises a
thickness along the first direction and the transition surface extends along the maximum width

for a distance less than the thickness of the convex surface.

17.  The gas distributor of claim 14 wherein the concave surface comprises
a concave toric surface and the convex surface comprises a convex toric surface, and wherein
the convex and concave toric surfaces are adapted to provide a smooth transition from the

concave toric surface to the convex toric surface.

18. A gas distributor for use in a gas processing chamber, the gas
distributor comprising:
a body including,

a baffle to divert flow of a gas from a first direction to a second
direction with a gas deflection surface, the gas deflection surface comprising concave surface,
a convex surface, and a transition from the convex surface to the concave surface, the concave
surface comprising at least about 75% of the surface area of the gas deflection surface, the
transition comprising no more than about 10% of a maximum width across the body,

a neck disposed near an upper end of the body,
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wherein the concave surface extends along the first direction near the neck
of the body and extends al ong the second direction near the |ower surface, a
gas inlet, a plurality of gas outlets disposed in the step surface, a gas
passage connecting the inlet to the plurality of gas outlets, and wherein
the gas distributor co | ses a si.ngle piece of at |east one of | uni num
oxi de or aluminumnitr FEiQWTQXPW%ﬁWBWP@PPWQF? dispsnsg aslepasition gas tﬁwugh a

sem condplgtdMiy Bf RESHR lowBEsurfit AN E 8 ORithat hBFion 3hd AGLddIee dPhediph Ifagﬂtﬁ-f'g a gas
distri bu?lgr i)Fl aﬁfl rst direction, t%e gas 8i stributor cg%e?@s?n a]c%ncave
sur f ace; separatasciromdhe eentrghportipn hy alstepfsirface, terhafl¢ dispossd detvessotise nticka@nd i on
substant'%ll{)‘xer vm'rftah t he concave surface; and wherein the second direction is
transver se HWe¥Prst direction. 20. The method of claim 19 wherein the

gas distributor conpri sesagisgdas axid dispesidialdhgIté badefromnie hbk BIRCRWRr Sur f ace
conprises at |east about 75% of the gas deflection surface so that the gas

i s subst sface) thy geredafleetienisyraseeennsally fosatiogalhesmmptricabeneths exisntlie firstect i on
W th t hedi?@c@i%ﬂ‘é?on%%é AG€ andthe second direction away from the axis,

wherein the concave surface extends along the first direction near the
neck of the body and extends along the second direction near the lower surface,

a gas inlet,

a plurality of gas outlets disposed in the step surface,

a gas passage connecting the inlet to the plurality of gas outlets, and

wherein the gas distributor comprises a single piece of at least one of

aluminum oxide or aluminum nitride.

19. A method of deflecting a gas used in a semiconductor process, the
method comprising:

directing a gas toward a gas distributor in a first direction, the gas distributor
comprising a concave surface;

deflecting the gas from the first direction to a second direction substantially
with the concave surface; and

wherein the second direction is transverse to the first direction.

20.  The method of claim 19 wherein the gas distributor comprises a gas
deflection surface, and the concave surface comprises at least about 75% of the gas deflection
surface so that the gas is substantially deflected from the first direction to the second direction

with the concave surface.
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