GAS BAFFLE AND DI STRI BUTOR FOR SEM CONDUCTOR PROCESSI NG CHAMBER -
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention rel ates
generally to the field of sem conductor nmanufacturing. 5More
particularly the present invention relates to a gas baffles and
processes for delivering gases used in the formati on of integrated
circuits. 100021 One of the primary steps in the fabrication of nodem
sem conductor devices is the formation of a film such as a silicon
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15 to produce the desired film.

[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 circunits 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 fo 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,



el ectrically. Such spaces are sonetines referred to herein as "gaps”
or "trenches,"” and the processes for filling such spaces are conmmonly
referred to in the art as "gap-fill" processes. The ability of a
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thus often referred to as the "gap-fill ability" of the process, with
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[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



30 across a wafer. Non-uniformties |lead to inconsistencies in device
performance and may result froma nunber of different factors. The
deposition characteristics at different points over a wafer result
froma conplex interplay of a nunber of different effects. For

exanple, the way in which gas is introduced into the chanber, the
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25  semiconductor process chambers and shown to present at least some of the shortcomings

described above.

{0010] There is accordingly a generat 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.



BRI EF SUMVARY OF THE | NVENTI ON 100111 Enbodi nents of the present

i nvention provide nethods and an apparatus for processing

sem conductors. Mre particularly, enbodi nents of the present
invention provide a gas distributor used to distribute a gas in a
processi ng chanber, for exanple a clean gas and/or a 5deposition gas.

100121 In one enbodi ment ofgHise PIGFRARY DEVIRIE NPPENTRSN DI st ri but or
for use in a sem conductor 1L1)rocessi ng chanber conprises a body. The
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enbodi nent of the present 1nvention, a nethod of deflecting a gas

used i n aS&&srimsiaptet & infrch depgsitign gasgitodlschamben ean gas is directed
toward a gas distributor in a first 30 direction. The gas distributor
conpr 28es [8014bndmareadsiitidrabenbotimenj @f thepradestt linvsntéah, & gandisthibutbi fognse in a gas

direction to a.second directio ubst anti al it h,t he,.concave
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[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 2 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.



than about 2 x 1012 netal atons per square centineter. The coated
wafer is renoved fromthe chanber. 100171 In yet another enbodi nent
of the present invention, a substrate processing device is provided.
The device includes an enclosure having a ceiling and a sidewall. A
substrate support 10is adapted to support a sem conductor substrate
Wi t hi n t h¢0di6E| dis ariogher Ambodimenisofshd pregehismentide posethbdof [Fycdssnp & S
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for a hi ghb%&wer process with a season tine of about 25 to 60
seconds. Many benefits are achieved by the present invention
over conventlonal t echni ques.  Enbodi ments of the present invention
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of the 30present invention;
process with a season time of about 25 to 60 seconds.

(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;



100221 Fig. 3B is a cross-sectional view of a gas distributor
positioned in a sem conductor processing 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 the enbodi nent of the
present invention; 5{00241 Fig. 4 is a cross-sectional view of a gas
di stri but ¢#023] t Kiga3Brumcasestcgerm! diefv of e gaodistsitntbapasilamed irth sepitandagior
enbodi mentm(():fsstnheh I csreg('gm_(iﬁrr}v c)ntni on. ané:l S&QZSR Fitﬁh 5.1s a
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portion extendi ng between concave and convex gas_defl ection surfaces
accor di ng[4983bin FegnPbds #igRtvIgY o heasdistrabutar a5 iy Bigt 34 according@2ba erpbegliment of
is a flownehatdndihldsgbhating a nethod of processing a wafer with a
decreased season tinme and decreased Al contam nation, in accordance

with ap e i ment of  Lhe present. inyention:. 0027] _Fig., 7 sh a
corpar Psol B! oA n oS REEE LY R dbt Sgpo! Q8 Hpbtflid e SO
Fig. 1 vessfme acgedingliosinrdntbiotipnenast the pleb@yt inYe®0d Ng to an

enbodi ment of the present invention; 15and [0028] Fig. 8 shows a

conpar i sofpgak] ArigL 8N AofAck@dhal Bied ofh QEEAKHBBoCRANES hnnldr Mafportion
previ ously known gas distributor as in Fig. 1 versus a gas

di stri but exterding bet®pen copcayeend gonvgx &es defledippGuiferemaccofdingte apreadediment of

i nvention . CRI PTI ON OF THE | NVENTI ON 20 [ 0029]
Enbodi nen{[hs?%g%%thgg%ﬁggent i nvention provide nethods and an appar at us

for processi em_ congduct ors., More part.i cul.arly, .enbodi nents of the
by esonB s RBRP; S5 oo i chh aub Se Rregof paskising v aer ¥t dcrasdh
gas and t @eadbibiithi Bt @eceabt@iNRiSdohiafinaion, ih BedrdnOCR RS b 8mBAURABRI0S the present
[ 0030] Figure 1 shows a previously known gas distributor. Gas

di stri but #VeaRM has a gas deflecting surface 102 and a gas
distributor face 104. Gas deflecti n? surface 102 provides a 25 '
pat hway f &#02¢] e&rd Agheeseeomparisoryofalean gndrpeintsicempanron derssgas disgitnitargs in
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di strilbut end 100 i s connected to a chanber wall at a proxinmal portion
106. During a CVD process, a deposition gas is supplied to the gas

di stri but pgo28P0 Fd. 8tsh@wPd eorhpaRksoL AR tamIndtitn HEPSSLLEAR clmtbel Wans
t hrough gas distributor 100, exiting at apertures 110, and onto a_
subst r at e 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 distribuie 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 directty 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



position on the substrate support nenber. As illustyated in Fig. 1,
apertures 110 are di sposed on the gas distributor face 104 at a step
112, a raised surface. [00311 I. Exenplary |ICP Chanber 100321 The

i nventors have inpl enented enbodi nents of the invention with the
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P 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



219 includes an electrostatic chuck 220 that secures the substrate to
substrate support menber 218 during substrate processing. In a
preferred enbodi nent, substrate support nenber 218 is nmade from an

al um num oxi de or alum numceram c material. 100351 Vacuum system 270
includes throttle body 225, which houses tw n-blade throttle val ve
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shown) between enum-and gas ring plenu
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 bedy plenum via gas delivery lines



30 one enbodinent, third, fourth, and fifth gas sources, 234C, 234D,
and 234Dc and third and fourth gas flow controllers, 235C and 235D ,
provide gas to body plenumvia gas delivery lines 238. Additional
val ves, such as 243B (ot her valves not shown), may shut off gas from
the flow controllers to the chanber. 100391 In enbodi ments where

f 1 ammabl e238.0xdditional valo¢s Qch\4e 24515 @SheR 8l veksRAl shovin) [aYy it STk Abth ehd Bw
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246 is an annul ar openi ng around gas di stributor 211. Gas distri butor
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Simlarly, 235B and 2358 may be used to _control the flow of
oxygen t odBHle‘OE 8;51 ehdesupiumlity of aperturesy in g stepigoorfiag toamembagiment of the
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t he same gas nay~be used to supply various portions of the chanber.
amnount of gas delivered to gas distributor 211, Similarly, two MFCs 235B and 235B' may be
used to control the flow of oxygen to both top vent 246 and oxidizer gas nozzies 240 from a
single source of oxygen, such as source 234B. The gases supplied to gas distributor 211 and top
vent 246 may be kept 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 systern 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



[ 00411 System controller 260 controls the operation of system 210. In
a preferred enbodi nent, controller 260 includes a nenory 262, which
conpri ses a tangi ble nmedium such as a hard disk drive, a floppy disk
drive (not shown), and a card rack (not shown) coupled to a
25processor 261. The card rack nay contain a single-board conputer
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[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,0;), 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 AlF3 sublimation. As a result of these two mechanisms, AiF; is formed on the

10



respectively. It will be understood that systemcontroller 260 «can

I ncl ude several distributed processors to control the conponents of
system 210. 100431 2. Baffle Characteristics [0044] Enbodi nents of

the present invention described herein use a concave surface of a
20baffle to substantially deflect and substantially direct a clean
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the gap fill lTayer of the processed wafer. Typically, wafer
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t he waf er HIR/C¥Enoocksses 0 High power process typically include power with a range from about 15
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 skili 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.

i1



10 dom nant species of netal atons in the gas distributor, for .
exanple Al netal atons froman AN gas distributor. By decreasing
sublimati on and chem cal reactions on the baffle, the amount of netal
atons renoved fromthe baffle during the deposition process is
decreased and t he nunmber of netal atons deposited on the wafer is
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end 308. %hg eﬁpg‘@ge’éﬁ@eﬁﬁﬁ E"e&ﬁ’rf[ﬁtﬁ'i"ﬂ?ff%l?% B CpER R rf&FP§8§ OP'FRF‘E‘E‘““"‘Y’
Sdepogpt i QRighee th la usichiRf poteibn BR&ofli Beplddeinetit 288 AumBd dfiap&tués 310 can be
apertures 310, and onto a substrate
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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position on the substrate support nenber. 100501 Apertures 310 are -
di sposed on the gas distributor face 304 at a step 312, a raised
surface. Step 312 can forman oval |evel or, nore preferably, a
circular level on gas distributor face 304 having a predeterm ned

di aneter. The diameter can range from about .01 inches to 1l0about

3. 00 i nchesrfac8tieptabaveasurfaceBicat tever bealdalysi2ght Conved sodn@s46fis Rbaet in a
. 60 inche§@%%ﬂﬁ£out .75 inches, and have a slope in a range of about
90 deg to 15 deg. Step 312 inproves gas distribution of gas
distributor 300. In particular, the deposition gas can be di spersed

further od9058b {Oeevexeuriptrelap informpdioguaieh %ra%r@laéqmﬁwiar@éméw aSonyex
result of st ﬁéﬁnd B%er@§arf£wzﬁsrmg d%fot éﬁtgdﬁrslﬁngée ﬁgﬁ%grﬁ&s

t he gas t Owa r out si |str tor
15enbofli mémm ahciviesudice322 hacaper sunfaees346cm fosver bodoald ryndA2bsvidy econtinuous

P e Ve atTaee OBt o G PntAvE Sl 22 ich SiveR Siytace BAs T 1 Sheitaanls o

i ncor por apashidey BiddtHbntiRidRE @M@e trdfRiohlas ldwer BBGdatE3 26D 08l LR Sate 9aS
di stributor 300 can_ have 4, 6, or nore apertures 310. These

aper t ur es ¢Bbedigcat, %wgpﬂarr%qsrtrosm% waomplished breetingtbesipes effbecavesindy
312 or, a'c&%a{)@;drréeésxm 249 2 }"ﬁ:‘»\QPEﬁQdﬁﬁ 332 9@{}15! tﬁyhaﬁsnm dnq thel d3ERL yrface to
The p| acerrent and nmber o ertures can be tuned for a spem?

appl i ¢ati the qoovmrfmes oernplete mmhasmamh qfrhmr@pwetsuﬁwegamauhtd)to the

the substr 0 _be

t uned. Thegl@g?g?r'{eh g‘?'y‘\’é’gﬁ“ %"Q?‘h % ﬁ%rtgdr? glf' a%@outeﬁ)@g%& ?fg e'?et%s’ec%%)o%“he
. 250 i nchesncavaswafaspeith fliecoavdxattfaeens at a sobstatitiahatedsr to@hovages Eantiasous 10
are 0.060 inches 510052 af f 2 d so as to deflect a
ol e oua resien surBSvng bighs B TredRuiich fih D colchy e Sursce s e cohven
defl ecti oguatef ace 302 includes a concave surface 322 and a portion

of a convex surface 346. Gas deflection surface 302 and baffle 320

are rosat 'r@ﬁgl ! m%mmhwr@o@murde@rmamhﬁm&mm Q@%@%\éé?th%%%é &r&%&%@ i's

formed to a radi us . Concave surface 322 includes an upper
portion 3Maximemavidibiéed cmSppraﬂfr t@2diameigr admess coaNes sVidacsdib adylaxBman width 346

L e e

boundary defl ectj o surf 2 tran i ons fr m concav

aur face’ 3R, BhhiEpetirtevaierdics ﬁ%ra%i Rirkory oot Meapgs formed a
surface 34 tsshioh H&Weérﬂ%@ didunger 23304 sw&ﬁ&e@m% 346 Shdifae to3A6 dooth
formed to match an arcua ath of a radius 348. Convex surface 346

and céfcav@nsiiigr e cgzczvvarl@ 25% P HIgsansy Sukace 34asFlaegs Bdthena thigknesscd?.
302 transiit @As 342 corresponds to a distance equal to twice radius 348.

[0056] Fig. 3B is a cross-sectional view of a gas distributor 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 channe] 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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5from concave surface 322 to convex surface 346 at | ower boundary
322b with a continuous surface. The intersection of concave surface
322 with convex surface 346 is at a slight angle to provide a snooth
continuous surface transition as | ower boundary 322b. In an alternate
enbodi nent, this snooth transition is acconplished by setting the

sl ope of Hinfacedb ekicandtahenugpeepstion 328 theoconerve gas deflsoton APABERY 3 to

322 so that the trapsition fromthe concave surface to 10t he caonvex
Surface | BoXgAERaI Lt ransiben i (e gin g runpRE Stsea et dettectian

mat ched t quriade BsOVent 246 nbRAEMVENUITUIPERAE 388 intd@eChansdt i on. In yet
anot her enbodi ment, the intersection of the concave surface with the

convex su ' a0t J ' cpnL S
{ransi 1 ok031l ¢ It BUTPASL AT @ HoRINR AR BPIb Ao iR Bl iecons
concave sdirdctior whhtihigarseere tbafifstdieectidrb (Dipo4ht 286editics ithd dedngas 8G0nward

i ncl udes a X] Wi 340 across t s distyihutor i num
widt b sa0tn LT SRR orL 28 R B 3 Gl Flbast Thpeave surtace
Maxi mum vt dire3dsGhdelsantgat A0 £ontdlgin absbhd direktibi03 R Dohgohes porfitrldsof
typically about 1,7 jnches. 10055] Wth respect to the |ower surface

of the ga®dr&suriBent; and ShvsdirertiosioPds Ermsyesete fing @lirgetiansis0. Concave
transiti OELrFé%w@ﬁQs«Qﬁ?ec@tﬁé e R hodiAnE3 s Y QB3 53UL fifl dif@tion 354

simlar to the smooth 20transitfon from concave surface 322 to convex
surf abe 3wdrantiemsde fig8dirértion 459 hCeneaespr®r3 22 ThinpkisssboB@42% of an exposed

correspon ' Lce | 8..4500561 Fig. 38
co"ecpongiatptyfl 8h AR EfNalc 308 LS ERloHS L R AR e
sem conduditextiond s fos 8 idistanch knbthat thckmsdi42pfiflange3 ¥bodi nent of the

present invention. Gas distributor 300 is designed to be positioned

I n the se[mossNdBi IC iYAHp NN EESHaE PisGIbattdes shodn iRPH. BAGRES NG td A
25chanber, gas_ defl ection surface 302 corresponds to an %thper exposed

surface ofMPofimeaiof HeqreseRipYINlioRNAS gadedra iniFiR 36y Mgy ef the atructures shown
cor r eppongsp; .%ﬁ@aﬂe‘iﬂﬁﬂar%@?%t@fgmﬁﬂﬁ EpnReRt. OhGr 8RR 1db %ff%%s%gtﬁsm?@% has a

di stributor 300 i's supporte y an ‘annul ar structure 3 Annul ar
st r uct ur ecig®ier shapea Fiahaa3) haan apmlarshiapeh &owerbavodaty B2 ehastalpércular shape.

depositio ' e I t Q0 angd is t
o 1 orm aceare sift 220e P REGR BN BB bl Hhfer il Cppd L BORRL 200
of concave surface 322 has a circular shape. Shoulder 334 has an annular shape. Threads 336

have an annutar shape. Rim 338 has an annular shape. Axis 318 is shown for reference.

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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30 correspondi ng threads on annul ar structure 360. A shoulder 334 is

| ocated on the gas distributor adjacent to upper portion 328 of the
concave gas deflection surface. Shoulder 334 mates with a

correspondi ng surface forned in an annul ar structure 360. Annul ar
structure 360 has an outer surface 364 which matches upper portion
328 of t hdescotmdabevey aixhdiédd wopet pnni@uwSaand lewger @srtion 3p9.0Gasideflecadimtfice 402

ot 1 ot 1 off B Puappuien fbedT, Apges it HBBEean SuliEreirovuss Suateig DBeA nt o
t he chanmbenaximdOadth F4eadpads fhechadils &Jriegnodtié/@ﬁhe dibelet MMoRicylifBicsl ReR
gas froma first dire ti on to a seco 5direction which iS transverse

to the fisufacgf3chpmir eten8isonneciseagdpiisctian sustace fRawitlhy autetiotimdrga

inafkrs i
def | ec% [ o%nurgahé ?%c e%cl%%%ggée@%g? #RH gédBtggﬁhlS?aehc%gﬁf ﬁgc%bﬁg%adgd gomprises a

hor i zont ak¢nyex torig suefaasnchrddnniiet edge 484 2ormkem gas| diskdbutprofiacé 304 \&mcmfndncal

concave suyrfa 2 ecti rapsverse to

i rect tonouEG Pk, A AREN2 B0l 4o RSpdrts LA BRUEI Frs® nange o
hori zont afrby lowergpokthdn 329db ae adriuted p3hivbn ofigah didhitulordtheecIinaar ahndiad gk 2184,
transverse to first direction 350. Concave portion 322 conprises

about  90% k1 PANFRXPRSLEoSWet@iidl AEW B @ bastisriplRb! mtwlmh%fﬁpﬁ t38sition
Gas deflectl on surface 302 extends al ong second direction 35 ?or a

di st ah@e peEtien bhextendingdietueenzancaye and conyex moeﬂemgsa!farcgacc@@nggo an
top view %bt?d &Erﬁ o‘?'u?e résQHml}en%%nS %Eﬂe%ﬁr@acc%@ﬂ 8ok %.lxrl?a%e%% ?J}:c

enbodi nent ent 1 nvention. can be seen I n
of the st sunfat:esrwsiesdmb%alﬂcﬁlel ﬁiaFdlgtantAr a@(bmelndﬂslaehafmm\mﬂaa gasrthflbqnon

symmetric, 32 of .gas di st. or 300 has, a.,cigcul ar

shape. | Fi 2 SRR iR PR Eheh B Dlor s MAL (2505 fiReseq surfce
ci rcul alr Sﬁﬂﬁ&gas@@ﬂé‘oal\tﬁ sﬁtﬂchgOE Gaedlahbt?thescg)aﬁc]d@‘sla%?i HMbiZitzb&Ea%SGOthaS
an annyl ar , shape oundar of concave surfa

ekl ol R e “@Sﬁ“‘i’f‘a A eRRTGHTES S g @ Stop i audessrerAhote. Gas
an_annul apefRlaAesrBLasES8INAs BRcABBMERE 337) %ﬁlﬁxlar%'t &aﬁsi&nl p%rtmcs\m ah®#n
reference. 20100591 Wth reference to Figs and 3C,

appr eci at Beper pertion ghe s/nves sprfage 643 2@0@@Yﬁpﬁurf§@s328 oBiepds laﬁﬁweqn t@pﬁ broytldary
torus, a”@z% Y Ew Boh ARy $48 6 gmdd%§ﬁpp@r gﬂ{ i 99% Ay I&vérfp%ﬂﬂﬁ’x iz@rak's
ac def | ned

Concave sur e 322 is r adi rot ated aboudt axis 314
t o def i nedeshabediabgve. t mnydar ﬂ@@bmwxmgwpﬂmoé%mvms tleshoth trahsitiomiion soncave

348 rgf at ab efine the second torus. Thus, |ower
boundgéy g"g%egﬁto éﬁeﬁ‘ aryéedse“%l ned by the int ersection of two toric

surfaces dapted to te with a s |t|o fromthe

toric sur%g’éz @%ﬁé%ﬁ%ﬁ%ﬁﬁ?@sg& a8 oGP REs %aeﬁ%ﬁﬂg or,
ei ther t h@oﬁ@acsamesmfe%ﬁdwenb&% aﬁ%ﬁ?@%oﬁﬂfaf}a%a afd a RReR bo@fd%w 546b.

defined by non-tone shapes, for exanpl e shapées defined by elliptical

curved sufpayesurfaaesidé la%mdeﬁégowzﬁhedtgn 833 &@axml%wétb éfpadossihTgsses
using sevg Mbuw%esg&%g%of‘aad?a&&eﬁ%ﬁoqs i@ aflivule dbfiee é}\éﬁ%féfﬁ Anouler

convex sur aces 1 Fig. 4i1s a cross- sectlon
di st r 2hut flat WaGition portian 564 extends detyesn thefer b@mﬂw 33 f)ﬁmcmcsorf@hedgz amd

an enbodi nent ,of the present in has

dot oot oNPEh PranaPiRd PRl EReoR 1k Rat B h MO Dol hpyeen

i ncl udes theves onERY G546 wid @6 dishdbutarFace 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] Dimensions of 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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descri bed above, including upper portion 328 and | ower portion 329.

Gas deflection surface 402 ends with annul ar edge 482. A flange 430

i ncludes an cylindrical outer surface 432. A maxi nrum w dth 440 across
the baffle corresponds to the dianeter across cylindrical outer

surface 432. Annul ar edge 482 connects gas deflection surface 402

wi t h out eembydimauts itlm:listawswf freaenu@2]at Aamsitiarpoaitges dsﬁmirsthammm%mf the

fit ashort radlus rvat [ onprise nve r|e .surface.
An annul af&dge" X’Eﬂ clgr?nec SH%cg@eg?slﬁ? SO §fh§cfga 'taﬂs'“on pomon 1510
cylindri Caior@lhhﬁabcﬁluﬁffﬁffehéiﬁékmﬂrri\hﬂdd‘kﬂ&Sﬁﬂé&ﬁb(ﬂfﬁlérﬁtﬁﬂM‘ek?r% flat annular

corresponds to a dj st nce acros flange 430 from ortion 329 to
e o i bR, e £5amis e s SHAM OB & Tt Touta ot iewon glg goin.

[0061) 5Fi Grangidns date@1yas Shes@nléx0sbiibon woﬂgl iefboBndhdpbdtivedd thDEdRlex g&% oMhafbdthe
an annular flat transition 10 portion 564 extendi ng between concave

and convexonfase pRstidtect i on surfaces according to an enbodi ment of the
present invention. The concave surface and convex surfaces are toric
surfaces §@806dps Fig. bada Abw\chart lm:stralmgtarnhdmhnd(ﬁOOWBroicminlgda&far Wit 4 H&reased

520 with .def | f 502f th t
522 conpr PSR UBEERT S GO R OBy BISHTIAGE e en SRR Dlen b RTF B Vo

surface 5QZledmaharlb&tstdpihRleaDBe LRFAYLH KR hedAS b@hﬂsraﬁ Havekiodd doaee (04
15adapted to distribute_a deposition gas with apertures 310 and a

step 392 sroppleaysherd mbwsSA i . dBY amaupioRf t@tﬁﬁ%&wdswleﬁmexe@h@sbcr will
concave SWelg6n dehnanil awhe&er&ha{du%agr%bésk&rbmwgea Qe SAgordt g'ge e &#&H

portion of ‘a convex surface . ve surface 322 exten betmee
upper boumntd{prgasse? aseslrad tipiemperaiunt o ypBabtieaartiing mogesdeom apmue? minutes to 7

por ti on 3af, ACladPUBRRAbN A SIERAS BEAGHLROA AN Gres M RUA b8, ctep

transition poftion provi a snoo e e S T
surface 3320 taasan rﬁveeohamheﬁ\aﬂea Be}:ﬁsm(aﬁ)@ﬁzya pEdyrdeemrstuctiwacceatﬁtgﬁasldl&hhdbs

Cur Tadd A B bR L ABE A ARISEH ° BBUFALS 3 b b alle 9518 i o sesson

boundary EGhambeanYRXs G @SeoBdbbfok BLAdmile Fomnboue o Sﬂg&oﬁ&zoﬁéh from about
maxi rum wi_dt h 540 across t gafs di stributor corres ponds dq

di anet er &éf%%seﬁméisawmr?fhsﬁ# TR AL Hrieernd %dﬁ%"??g‘i wakriigp £30 inserts 2

25flat tr %aﬁicsmetop%rer fHio BRANSNERRE thab Bl WRER i ﬁaeﬁron@@wuiaéabeaa%eom
concave surface 3 Eﬁwrdboundar 546a of convex surface 546

Lower bou ramlv @@’4@@ g:appfé p aiafes stensdharpbinyeaersil faaerdo Sarevafervignan
0547 L e B B o8 30 TIEHISEBIPU l ltd
corres ponqbswbnr_praceds strawipen eouer preasy, andehigh poweardiresss 4B gap fill process is
typically applied for about 60 seconds. A thickness of the gap fill layer applied with the gap fill
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 nmy} thick, and typically about 5000 A (500 nm) 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'? 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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30[0063] Dinensions of annular flat transition portion are related to
ot her dinensions of the gas distributor. For exanple, the distance of
annular flat transition portion 564 al ong maxi rumw dth 540 is no
nore than about 10% of the maxi mumw dth as shown in Fig. 5. In sone
enbodi ments the distance of the annular flat transition portion is no
nor e t han (6§l Aroueabinetien peshamben ifattime, seasan tirae, andprgessmars: cantbhe

di st ance f . | 1 ' | re.. . t
5% of |t ne P AP B B4 1o TR Yot Qnkdifrlon, I BRE i3 BRA
annul ar t mataliatano conpaminatom, defrsases aachibe scaamn ihowsekbod ¢ provide geta on3A
to 3C, as th‘e concaye .ggrltion 5 ransihi ons_di r(gct{ to th? convex
potion al SREETHRUELTALE PY OB REEE P IRy (iFe eﬁﬁmﬁﬂ'&“ f 8PlupBize yafer
portiof. [Re6eHpufoe sefectsth@storiew sedzan time kiat plovadel M@taRatdRL dbREnfiRioRbelow
processin fer with a decreased season tine_and cont am nati on,

a . Al i
in accor dg'H’cEfe ermmingl agioyBlifive rante. eiieasph Bment 39 prrardsiagd camprovidas metal
chamber stigp. £il0hifdiRARS 112he1 FNAMRSHS %llsa%%&gf%n@%%teh%aﬁ sSeftiv Q?régfnm?d

above, for 10 exanple as shq In Figs. . e anount of tine
required tieertedamovnedidHaxber Ahrtomspepsgnate eentintetern AYith eseafort tiree of 30

sem condu r Vi ' t ean._ga .
o o0 Sk e RGFRERe PSS i, AP ool gt
f r om dboutthchainbert and réroovk tht wafee fpmahechamberf doeresgondsiod thmughput oOitdeast

for exanple 3. to 4 mnutes. A season chanber step 620 seasons the
chanber witPE WFSLFO8F gas to provide a protective coating as

descri bed 15above, for exanple silane used to deposit a protective

Si 02 | ayer906fhe lbshenldibe gprresipied that the spesiia weps dliustpied in Bigiedorevidna 60

seconds, TQfi-G4ARBINGd bf HBARANE waRrh 'k@!@w

to 45 secggglsc, and préferabl ygfromra%gﬁnégoca?o Sd@égg%tgggfgﬁ\a?ﬂ%?ttﬁ'
waf er st e®tB@Gequenensios stapssoay demihper ormedadfceordingtto aktéreatvkanibedinsotst Fat

th ' i oned ' - wfidl
e 155" chBOSl Sh AR RS LR AR IO AR BT o
20 HDP- CVin pdiffeesis omisr. ddempidyetiie afdonidual Sibyes ilika@dlin pignressiag arlude maiftiple

f I , di \ hi gh
pover  pr oSBESeP e bR o Bt g Rpe aF Popras Bt Betidialerso
seconds. Aukthérfilone a8di@dnal ftepsaagy Bd ddded avemovgidcperlling drithe Barigapr dpblidations.
process is_often_from about 40000 A (400 nm to 8000 A (800 nm

thi ck, forOomeeiRfstinary skillgrothe art wagl iseREnizs o yamatioapanedifigations, akd aligmatives.
typi cally about 5000 A (500 nm thick. Although the 25 exact anount

of Al @R nUM&Tbn3aBkprmmiental Raswlthe gap-fill |ayer of the processed

wafer will depend upon the exact paraneters sel ected, the nunber of

Al at ons {8048y pifeelinhiyiarlyesssing héth chbedik@AR ofithenBesprtringsition shovethhti sighlfiant

For exanpliglpf'orvgnq]er%g ga%tbeoaicﬁie%r(ed} %jéﬁ]d}n% rgdu(c):e&( Ai]'go]h an?i%gt% #d increkss (rhgoughput 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 Fa, 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 asin 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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centineter, and can be fromabout 0.3 x 1012 to 1.5 x 1012 atons per
square centineter, and preferably fromabout 0.3 x 1012 to 1.0 x 1012
atons per square centineter. A renove wafer step 30 650 renpves the

waf er fromthe chanber so that the wafer can be subject to additional
process steps outside the chanber. After renove wafer step 650, the
chanber i d0 8P &aeysEhia agﬂ@p@asewafersemew@pvé@waﬁ@u abow Tawfers it atafers as

waf ers.  (pOSRLbEY s&gﬁqyd@ el dﬁlt?tgémg Fr %!35%9’1 ofla WagerSEASON i NE,

and process power can ecte esired |l evel of netal
|

at om cont son tine.i.s in 8 -
cont am nad YT 36 084S ERRPiso LB S Primg TR %Eapae&@a%ts%iw feFis.
nmetal i on meatgandismbienad indig. 3ucbrbiayt@aninesbdienioned pr@¥itiRintion. The
tol erated amount. To optim ze wafer 5throughput, one sel ects the

shortest SE3EBHME fﬂreeaﬁwﬁt% eBbedmstAshe RIS mA SHRaAHERaK THRbI@ROYits yersus
predet er mped; @Wﬁ FiEO QA RrSls 780 ARAPONrd sHBRvnOhr %Q pﬁglct‘ﬂ&qiﬁulﬁpgld the

can provide a netal ion contamnation of 1.2 x 1012 at ons
square ce nc&tm@hodtﬁm respedilebyw The gtern sigmals weremaastted wish fpurdr T_’tarﬁfonn

seconds, _tHoveESieeRRBLPGTIR R Flun sl iR PSR Aab s iy itepigtane

chanber, p;hm @6 sutishetisiafi fierendes. 1 Dhdréferec brabdaitmerandf the melt id\fent\l@f @fh provide

e or o i FHABTE TBBHELET Do Dra G O e e AP B e esed
eps i bodi t isitomb&tibl€whih BystsdBatasPMe phetbate, 4R es®d embodiment can

st || Usibodinesdt istofn} f st bHeb e s@l‘

processi ngLea waf er according to an_enbodi nent of t he pr esent

i nvention. (Rf%véﬁ‘edsaééﬂé%é‘ic topyserapbatity theipsier B@ﬂﬁerfor med accordi ng
to alternative enbodi nents. For 15exanple, alternative enbodi nents of
t he preserd70hvdrig.iSahoway ccpepam‘;omf hlecosltaematiomin # pedesaipgwharnper avith a prior

different g " r eo the IIus ed | I gur e

6 oy | nciuaepr B ki 1Pl B ekt BURRE p arHRARE L gt St e
sequeriges ;ﬁ&emp'pvenpmh arle: seasoh nienel waddisef tduadJ s &drele prEcHstd@asermﬁoe}aoth baffles to
addi ti onal be added_or r v dependj ng on the particular
appl i cati g’ g%fbasﬁ) STRFTH ﬂg‘lﬁ ffo‘?&ioﬁ’n%ﬁﬁ?eﬁé‘ n a&"’?eE'&?@%ﬁﬂewwed‘"m
variation owépﬁlrbf:ésé; ﬁ&m@@ma@@faﬂ,ﬁr@xlﬂatelwmwzﬁﬁq%%ks gasesﬁmaaédrmnt Bk,
Resul ts [00681 Prelimnary testing w.th enbodi nents of pr esent

i nvent i on SHe#nd Gugases g FPeesnt uﬁ?#d?f%xﬂ@ﬁéreﬂdmaﬁwged&waé%erwns associated
| ncl udi ng Jiapfcsthe Ale LABIAT Béfwegﬁnﬁadcahwf%ﬁ%b&%&u&m%n %em&ep’o%er

processed in the chanber. Testing w nbodi ments of the present
i nventZ0on preqssseakéneral lyaiseplevder of n:gir@xma@bef’rmdss Bavasmi lmimcmetr piogess V\gﬁw

0 1 DU el G 10PN Bl gt e, ol R
gases, f orprocess 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 10'9 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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exanpl e F2, can be used. As an exanple, prelimnary testing with

enbodi ments using a high power process has shown that Al

contam nation can be reduced from 1.3 x 1013 atons per square
centineter on the substrate with a season tinme of 120 s for a prior
baffle to as in Fig. 1 to Al contam nation of 1.2 x 1012 atons per
squar e cer®7hbt dhegboverieserihied arrangsmants lof appaeatitsand matipds are30er8ly iBustrative of
a baffle tn.:-Eig. . i i te S out
8000 A TAEPSRIsbr i prloRidsa GRS ohd alp Bh bRkl ot
cont am natmayrveinsadachthevisdtpating Goohabe srst amg stdpe of dwesavertiomas d¢fmed kiXf@e S

to 30 s with a .high po rocess, A decrease in season ti. rom

1508 1o st TheaRCitihe RESARued RS ePRRS Ry vl Feterenthya e

f rom aboutabdveirRt&@ipHioh,bubindRhEEBuRSHeldR @B ihediah réfereh EAHAREELPERIARims along
times during the processjing of a wafer. 100691 Fig. 7 shows a

conpar i sorvidstheir Bliscentfsgiinelentt.or a prior gas distributor as in Fig.
| and a gas distributor as in Fig. 3 according to an enbodi nent of
the present invention. The 5season line for each tested enbodi nent
was the sane. A "clean signal™ in arbitrary units versus tine is
shown in Fig. 7. Clean signals 710 and 712 are shown for the prior
distributor and the tested enbodi nent, respectively. The clean
signals were nmeasured with Fourier TransformInfrared spectroscopy
(FTIR). The clean signals for the two distributors are nearly

i dentical and show no substantial differences. Therefore, enbodi ments
of the present invention can provide 10cl eaning characteristics that
are nearly identical with the tested prior baffle so that the tested
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 processing chanber with a prior gas distributor as
in Fig. 1 versus a gas distributor as in Fig. 3 according to an
enbodi mrent of the 15present invention. The season tinme was set to 120
s for the processes used for both baffles to provide an assessnent of
the effect of the baffle on Al contam nation. Process A was a nedi um
power process having a power of approximately 10 kW and process
gases included NF3, He, SiH4 and 02 gases. As process A used NF3 and
medi um power, chem cal reactions associated with fluorine are
believed to be the primary cause of chanber contam nation. Medi um
power
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20 processes general lsy use power of approximtely Process B was a
hi gh power process with a power of approximately 18kWand process
gases that included NF3, Hz, Sil1l-14 and 02. As process B was a high
power process, thermal reactions, for, exanple sublimtion, are
believed to be the primary cause of chanber contam nation. Wth
respect to process A the tested prior baffle provided A

cont am nagidmmsof approxi mately 200 x 1010 Al atons per square
centineter Z2band the tested enbodi nent provi ded approxi mately 70 x

1010 Al - af QUiEaétrif A RuLSA bisBRi@hductdiproddsGKE 8RS, thd §as Gidtiblidy

applied wth process A was about 4000 A" Wth Tespect to process B,

t he pri orCOFEING: provi ded Al contam nati on of approximately 1000 x
103 Al atoms pehodydNdidngenti meter and the tested enbodi ment provi ded
approximately 30 x 101 Al atons, per. square centinmeter. The thickness
of the coating appldREXERL pPrieHEeLdinga sadgdsgetigumying a firpifiametae 30
tested enbodi MR@proRin pekien 3pHIgdTBEElYe Mefbday & a @8Il 61h@Semiconductor

i mprovenent with thiﬁgrgagi um power process and approximately a factor

of thirty i mprifU&te 'PRe he hi gh power process. [00711 The
above-descri bed ar raagipeswndwiacd edpidingirois afngdperaicnndsy & £1ower el y

illustrative aof appli tions of the principles . of this. invention and
many ot her - entS4NEH LS FaPeRYEisHiTRGR: s RNt SHEtRateHing RIgHS an are
departing frorhaving asfpstrradiugnd scope of the invention as defined in

the claims. The SCOP&o fde} gﬁerilc{i‘%er{%h%\ﬁ)g%%\g%élf m{hg%rr itgél%'ogg)ﬁ to the

determ ned not wth rererence escrirption, i st ead
shoul d be det euppeneaindiatytof thef eneavessutfece;he appended cl ai ns al ong with

their full scope of Wit A B8t Sce inSL@h | - di.stiri for
use in a sem con‘ducatggarq ;')r o_cess?%eglnghanggrc?&tr%@a%%?[?gia@?ral'Etb}%sg%d _
conpri sing: a reoakerplftat pentipg separated from the central flat portion by a step, wherein

the central flat portion extends radially from a center of the gas distributor face to
the step and has a second diameter greater than the first diameter; and

a flange disposed between the concave surface and the gas distributor
face, the flange extending radially outward from the lower boundary of the
concave surface to an outer edge of the body, wherein the concave surface and
a portion of the flange form a gas deflection surface extending from the upper
boundary of the concave surface and arranged to divert a flow of a gas from a
first direction to a second direction, the concave surface comprising at least

about 75% of a surface area of the gas deflection surface.
2. The gas distributor of claim 1 wherein the flange extends radially outward a distance
from the lower boundary of concave surface to an outer edge of the body, and wherein

the distance comprises no more than about 25% of a maximum width of the body.

3. The gas distributor of claim 1 wherein the concave surface comprises at least about

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

4. The gas distributor of claim 1 wherein the concave surface extends along the first

direction near an upper portion of the body and extends along the second direction near
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a proximal portion including a threaded section having a first

di aneter, the proximl portion configured to couple the body to a
wal | of the sem conductor processing chanber; a concave
surface extending froman upper boundary to a | ower boundary of the
concave surface, the concave surface extending along an arc having a
first radius; a shoul der extending radially outward fromthe
proxi nmal PRkt pirtid®of the bo@parid waedisd &ie/firsfdirebionGo Re@Merseus frRGRcond

a gas distributor face including a central flat portion and a
recessed P&° 'Yheral flat portion separated fromthe central flat
portion by a step, wherein the central flat portion extends radlally

froma ce r of it as.di.striputor, f aee to the step and
second i arEper gl o i { W fin: ifes dmenSesa P er Fults
di sposed ﬂmipherahtotthecmawwasa,rafrawmwmth:etms giaBedips su nfa‘n:etls)ada‘pmjetp
the fl ang(ﬁv E';?g ﬂ'gm tﬁg I%{ inye R%Mﬁéjﬁécoﬁg]gﬁ'&?mhméut%q pﬁigI{SYtiORf the
concave sur ace reint e concave
surface asuifage pdlweelmtheoioncm a‘urfam@dtbe mralegasrf@t@f | ection surface
extending fromthe upper boundary of the concave surface and arranged
to divert a flow of a gas froma first direction to a second
di r ect i orf- The@ag distiputer slelsircbwherrprihe flangegixianda glong Bwuaecomigitsictien
surface Hgn®heliffedRandl bPRLIBRAYLIALR for Zaisthhes RESHEh SlHibRILOr
of claim 1l 'wherein the flange extends radially outward a distance
from t he ¢fdilang8undary of concave surface to an outer edge of the
body, and wherein the distance conprises no nore than about 25% of a
maxi mum wi dt h of the body. . 3, The gas distributor of claim1 wherein
the concaldnEget disEBUBREY fiwas! whePiadas PRI PUBOR BrIoRIRITIA LR Hiba
of the gagedeé hemiomsuiaté acnerhlly idi@ioBally Sidtidabiout thefaxie| atdWHerein

i e surface exten an[%H%he first di rectlon near an

wherein t conca

upper porp e Gecinn Reied (RS AP RESCEP B CHRY | 2LBK TOF He 8t on near
a |lower portion of the body and wherein the first direction is
transvers th C The ) dlstrlbut r_ef claim
\ her o1 a8 opr By BEREREAHECE MR fo2ho PR3 SaRREH o ) ofee?
concave sautiematispoasdinihestep nnttﬂeega;ectsstntﬂﬁcbréam and s gr$ pasags cadeplired to
divert t ection to the second direction

wi t hout gﬁ?ﬁ@§t§ﬁ8 u}?ﬁ%gfi g@% bet ween the concave surface and the
convex surface. 6. The gas dlstrlbutor of claim1 wherein the flange
ext ends col he
conoave ctirTSge P RaRAR CeEMh Ry QR R RS0 ER Y e o

7. The gas distributor of claim1 wherein the proximl portion

extends a{0Afe ghs AHIBURPEF didiR 10RRerEiRfiheGdd d?élrlﬁﬂérfc%ﬁﬁmbés #5088 Bhd of
rotatlonally symmetric about the axis, and wherein the first

di r ect i orP!VEINgMEEe g @l uanm Aiéfe: he second direction i s away from the
axis. 8. The gas dlstrlbutor of claim1l wherein the body includes a
gas inlet as outlets disposed in the stegﬁon t he gas

di stri but%rq’hglegsr 3&%{5&8 'Bas‘g%%mé%%&%ﬂﬁamﬁ@ﬂm iz pdenieq fogivert

pl ural it ytheflogasa erbh gw

12. 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 proximal portion with a threaded section having

a first diameter, the proximal portion configured to couple the body to the ceiling of the
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9. The gas distributor of elaim1 wherein the gas distributor
conprises a single piece. 10. The gas distributor of claim1l wherein
the gas distributor conprises at |east one of al um num oxi de or
alumnumnitride. 11. The gas distributor of claim1l wherein the gas
deflection surface is adapted to divert the flow of a clean gas. 12.
A substrate processing chanber, the chanber conprising: an encl osure

having a éﬁbldstifégaaaﬁba&e%bﬂieh\/@ktbndlﬁg folHnrpber S3URR&Y to aﬂﬁ.@traeluﬁd@ry of
support athsubst rat e; i strihutor sitioned ¢ nt ral l'ﬁ%( ve the

subst r at €S GPPEVE ! po‘f"ﬁ% 8%%0%?%? PO'EOR BYterBd P Hyary 66'89 ajff g a

pr oxi ma: mn{deomtancﬁrgg radbm{j @,tagiengi f&acthecmomaaumgutog 100) th‘e&Ippdi: tfﬁg]ﬁti?}y,og’ L 26
ortron _contil qure

Pl oaur Mo gonaRe Eoon bligr Sesah fikst PRLARGR dfpu ELitlnfS €0 &

| ower bouedassgd périheeal datmation sepatateuifront the ceotna AsEpquiturt bycnstep tvdhediing

al ong an b %erhlﬂaYh&%oﬂtofn'eI&’Feﬁﬂdg Faqj'la"lﬁ ’fro% Qe%ltgr%ﬂhe‘%&&?&?@s%g;sﬁﬁlﬁ%l t|o¥he

outward fromt tot er boun
concave paiep amhasaa $epped demtm'@deawrﬂhamtbe firs¢ Hiachietey, andceffanpadisposed

por tion atfb‘iivtv@er( tﬂ@%é c%ge Bﬁﬁéo@é%%vﬁ]%k@{e éd &Iﬂfaﬁ&ﬁﬁé ﬁ%@g efx{e%?nghe

central port ereln e centr'a
ext ends rradialy qalgiwarrddmnath@éwqmogmdarhef th@mrcae& pordieritosan ¢l&@f@dg@ of the

step and has @he?é‘ﬁ‘?ﬁléjcdﬂc%ﬁcﬁﬁoﬂér%aé S&rtn&rhé‘ﬂhé ﬁﬁwgfe'férﬁ? arﬁjh;?dé%%oseénd a

fl ange di sposed between t concave surface and | ower exposed

surface, Y4iace P’ﬁﬁ@@”‘éﬁ(‘?f@ﬁlﬁ ¥Rper beHNYRMPOT Hiet qoaeavef métiﬁntaﬂi@ ﬂdéWé?’ to
boundary @lwilf dHeRGRYA Mtfﬂoﬂnmb%oaﬁaﬁuﬂo%rc%dﬂ@emosw@s.@&mn theher ei n

t he concave gortlon and a gortlon of fl ange form an upper exposed

surface SAERE RAIGYOMPIIRERY ghlsast 6198&%%(? o %‘raf?%ef the HE%ﬁfé’xB‘?ﬁefjlséﬁa%d
adapt ed tthe @Werakslskd dumf@etspacdiPdparifyh the@bsthee pPyrt and abispied @snjehte

encl osure 5l de con ortion rising at | east about 75%
of an areaa W@gﬁ%ﬁg%thﬁﬁb%g@ge '5'8??555‘8 C%f"ﬂ °t ower exposed surface
spaced apart fromthe substrate support and adapted to inj ect a

dep05| ti o,

oPoty at o R sllbiRed lReciBs chah Bork AGES o REP BTG Bhowelte 6 the gas
d| st LI buidlsstnbutcﬂ incledesas grasnietn belyraliy @f gas autiéty debogpasn thetdtert @ itie dpased
connoct; 1EBpRR fuficy 48 EERARERRIRI Ao 1RO ARBARY §PGas qutiets.

substrate processi ng chanber of claim 12 further conpri sing an

annul ar st/ gt %t?str‘é\tes;i?Qéé%g%?eﬁ%gerg;IfE@frﬁ'19 rEHTer écf?n%rﬁﬂgé S’lﬁif' ne an

annul ar gas &&sasageway a rect the gas towa e upper
exposed siiiuptiEedispased Arqyad adiostian; ab thedrody & define arlr@naulgmasma@mawig

chamber, idagidas dﬁ'é&iﬂ dé%lé"t&har@@[ﬂér UppbPkposed@iitace ncl udi ng: a
proxi mal portion including a threaded section having a first

di aneter, the proximal portion configured to couple the body to a
wal | of t@A%mcﬁ%ﬂ{bﬂl&ﬁtf&rusﬁﬁr%?Q%b@%é&h@'ﬂh@hber, the gas distributor comprising:

a body including:

a proximal portion including a threaded section having a first diameter,
the proximal pertion configured to couple the body to a wall of the semiconductor
processing chamber;

a concave surface extending from an upper boundary to a lower
boundary of the concave surface, the concave surface extending along an arc
having a first radius;

a shoulder extending radially outward from the proximal portion to the

upper boundary of the concave surface;
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a concave surface extending from an upper boundary to a | ower
boundary of the concave surface, the concave surface extendi ng al ong

an arc having a first radius; a shoul der extending radially
outward fromthe proxi mal portion to the upper boundary of the
concave surface; a gas distributor face including a central

flat portion and a recessed peripheral flat portion separated from
the central flat peygdsiistibutd fadeSRcludIRG b ebmtrdl NS pofthraal affbédsse@r tion
ext ends radi al leé frolcrﬁag g?e*ater of %F qas dIS ibutor face to the
step and has #SRUIALAIPAHRT BsPaRtEhtam *E%%ﬁ“"ta tLPPRiigR by P SiRe: Whereling g
;I ange ﬂi s!colosade baitmeﬂm_pbhbn@mad ay exdilly fram? szmcbrbhmeglas dtitrﬁ:hfdrmdstb%
ace, the ange ext endi r adi a out r e,. | ower undary
of the concavalSaEP ARt Tebd shBHEA R H R b TRt o erTr 1 ne
concave surface andc %ngedtspmddfetwm thé aajrgmvé surfaca agammsldmmbm
surface extendi m er und I f cav urface and
arranged to dg?(f émef%naé X?H@ﬁ? radf Yg’t’t%ldr@% Q?elo‘fv%r Oug'g% ﬁé{

di rection, the:oﬁbaanegaelrfam:iotaduqmger&dge)nﬁ/tbg bedy, Mefe:rdihsmostmiepenfaq@mndal
L0 e concay & SilidPithe Moot 205 dRBIGHIAGELALARSAG, hEWBED |t he

concave surface an ace rovi de a rom
t he concave slhona@aa’ypf)themn@aﬁﬁeﬁac@wﬁm@ngemf@rd@ﬂepttamsa@mﬁrssur face
conprises a My, ¥iadlBo R0 r%%ﬁ d, 'ﬂﬁfl% ngé’ Jﬂ%in%%?oh(t%gfab@ﬁlsﬁégeﬁace

extends no nore than about 2 %o X1 nmum e gas
di stribut or ofPediphgrah tethegpseavesurires. angd adransigon sufaca dspesaddipiikeaighe

nore than abo%né&é’é&ﬁa&é‘@ndﬁﬂébm%ﬁé&m pﬂf]ndeTé"l%arQﬁn%n%ﬁtthé Béﬂc@(/e of
claim 15 wherein the convex surface conprises a thickness along t

first directi oﬁﬁ'rfa?ﬁjtotth%c?rfvﬁﬁ§5"ﬁ°8nW§%fF"Pa%C‘§W?éﬁ'd@C§ cametissce | ess

than the thi ckﬁaaﬁuafmathacﬁ@ammayaﬁa% trandfion SiracB AKtedlS hé MY @Ein Of
claim15 wherein t % cave Surface corrpr| ses a concave toric

surface and t Yo Emaéwrw i ses a convex toric surface, and
wherein the tranS|t|on surface i s adapted to provi de a snooth
transitio omt oncal tqric surface t e.convex . tori

surface o Thadet d8uBEBF P s et b s g SR BB 8P s bep

t he gas ditsut 1036bbthecaapnurs midih. a body i ncl udi ng, a baffle to
divert flow of a gas froma first direction to a second direction
with a gas deflection surface, the gas deflection surface conprising
a concavel7siih¢ geediskibplor of daimdid vdensie ihesaonfacelfaas dorapriseapdhickreas f r om

the Conveéiongfth{aﬂ%?dﬁ Bﬁ'ﬁn@@g}g }‘u?tiérpmr%agexlreh@s §8§Faﬂ%@le§§'{hfaﬁ?|‘i’e

conprisin east a out a surrace area o
def | ect i dhicknast gEbe coneexisugAes-ti on conpri sing no nore than about 10%
of a maxi num w dth across the body, a neck having a first dianeter

di sposed near an upP end of the bod¥,
18. The gas distributor of claim 15 wherein the concave surface comprises a concave

toric surface and the convex surface comprises a convex toric surface, and wherein the
transition surface is adapted to provide a smooth transition from the concave toric

surface to the convex toric surface.

19. 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 a concave surface, a
portion of convex surface, and a transition from the convex surface to the concave

surface, the concave surface comprising at least about 75% of a surface area of the gas
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a | ower exposed surface adapted t.0 di spense a deposition gas through
a plurality of jets, the | ower exposed surface having a central
portion and a recessed peripheral portion separated fromthe central
portion by a step surface, wherein the central portion extends
radially froma center of the | ower exposed surface to the step
surface and has a second dianeter greater than the first dianeter,

t he baf f | @nditepesatcd elaRariibh toBtdn mbiR&h&rPdsIut e0RQS 8 fhimdmce,
wherein the concave surface extends along the first direction near

u
t he neck %@“ﬁ?%@%é@%b%£H extends al ong the second direction near the
| oner exposed siwkcka@eing a figaidnvhéitdispased sdarkh pp&feng astheWolgt s
di sposed in the step surfacg, a S, passage cqnnectin he inlet to
the’ plural | ty TPRERSBET] Sebe AP B kncs EoRPAenGas vl Biely
conpr i sesofdets,ithgloavepegmecduréice haasd a @astrad podibil Brhd 8 Recexsatipedipheral
alum num nitride_and the, gas g flection surface i ener al | ,
Fot at | ondfIPrLRRER torRaB et eeleh W ik R e i anficenye partion o
to the neodtgndsinadidliyrfoim acerdert of thre lbeenexpssdassiate &l thy stearsatfae artddashe
axi s and f be 3§ GRNGdF&kL 1R5h RE AT S HRELAAL batk %isBYe dehiBn'thE ndeK -
and the lower exposed surface,
wherein the concave surface extends along the first direction near the neck of the
body and extends along the second direction near the lower exposed 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 and the gas deflection surface is generally rotationally
symmetric about an axis extending substantially paralle! to the neck, the first direction
being substantially parallel to the axis and the second direction being substantially away
from the axis.
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