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PCT/ USOO/\blop4/63129 DEC 2003 jeld of The invention The present inventi rb
- relates to reaction chanbers used for processing 5 sem corm:crmsnonmg DEC 2003

substrates, such as integrated circuit wafers, and specifically to

| nprovenents in the gas distribution systemused in these reaction
chanbers. Background O The Invention Sem conductor processing includes
deposition processes such as chem cal vapor deposition (CVD) of netal,
dielectric and sem conducting materials, ejching 10 of such layers, ashing
of photoresist masking | ayers, etc. In the case of etching, plasma etching
Is conventionally used to etch netal, dielectric and sem conducting
materials. A parallel plate plasma reactor typically includes a gas chanber
i ncludi ng one or nore baffles, a showerhead el ectrode through which etching

gas passes, a pedestal supgaktip ﬁﬂﬁgﬁ (G f bottom el ectrode,
an RF power 15 source, and a gasmli‘nj ec |9\Né§&%gﬁelg#sogggﬁl ying gas to the
gas chanber. Gas is ionized SEMICONDECTORPROCERSING asma and the plasma
etches the wafer supported below the showerhead el ectrode. Showerhead

el ectrodes for plasma processing of sem conductor substrates are disclosed
in commonly assigned U S. Patent Nos. 5,074, 456; 5,472,565; 20 5,534, 751;
and 5,569, 356. Ot her showerhead el ectrode gas distribution systens are

discl osed in Pidd offlaniuvbien 4 209, 357 4,263,088; 4,270,999; 4,297, 162
4,534, 816; 4, 579, 618; 4, 590, 042; 4,593, 540; 4,612, 077; 4, 780, 169; 4, 854, 263;
5, 006, 220; 5, 134, 96516, presenv S entionTeRIG5 rbactidd chkflbés 398 B2 prieeliddy 055
5,716,485 5, Zé‘h%cggéuc%grdsugéggtgé,%SZH asvﬁe%%étgg %.il:;r?uit wafers, ;and specifically to
improvements in the gas distribution system used in these reaction chambers.
a und Invention
Semiconductor processing includes deposition processes such as chemical
vapor deposition (CVD) of metal, dielectric and semiconducting materials, etching
10 of such layers, ashing of photoresist masking layers, etc. In the case of etching, |
Plasma etching is conventionally used to etch metal, dielectric and semiconducting
materials. A parallel plate plasma reactor typically includes a gas chamber
including one or more baffles, a showerhead electrode through which etching gas
passes, a pedestal supporting the silicon wafer on a bottom electrode, an RF power
15 source, and a gas injection source for supplying gas to the gas chamber. Gas is
ionized by the electrode to form plasma and the plasma etches the wafer supported
below the showerhead electrode.
Showerhead electrodes for plasma processing of semiconductor substrates
are disclosed in commonly assigned U.S. Patent Nos. 5,074,456; 5,472,565;
20 5,534,751; and 5,569,356. Other showerhead electrode gas distribution systems
are disclosed in U.S. Patent Nos. 4,209,357; 4,263,088; 4,270,999; 4,297,162;
4,534,816, 4,579,618; 4,590,042; 4,593,540; 4,612,077; 4,780,169; 4,854,263;
5,006,220; 5,134,965, 5,494,713; 5,529,657; 5,593,540; 3,595,627, 5,614,055;
5,716,485; 5,746,875 and 5,888,907.




-2 3 0 DEC 2003 PCT/US00/ 16147 A conmon requirenment in integrated circuit
fabrication is the etching of openings such as contacts and vias injjg gfcg 03
di el ect rwO 01889 al s. The dielectric materials include dgpedy lo}lkﬁ n oxi g
such as fluorinated silicon oxide (FSG, undoped silicon oxide such as
silicon dioxide, silicate glasses such as boron phosphate 5 silicate gl ass
(BPSG and phosphate silicate glass (PSG, doped or undoped thermally
grown silicon oxide, doped or undoped TECS deposited silicon oxide, etc.
The dielectric dopants include boron, phosphorus and/or arsenic. The
dielectric can overlie a conductive or seki conductive |ayer such as
polycrystalline silicon, netals such as alum num copper, titanium
tungsten, nolybdenum or 10 alloys thereof, nitrides such as titanium
nitride, metal silA cole®nse@liredsent id aid irkii€ e | Lhic) de,
tungsten silicide, nol ybdeﬁ?r% silici de,g*gﬂte?:?irgmg %grﬁgﬁ&gtﬁ’c%f:%éh@%ﬁi que,
wherei n a paiCREMBES Pichias contacisand wiastio didlectis eatdrials. eTEd HitlectiOP ALK | N
silicon oxide, i

I‘%efgd s&l sed in U S P§tent No. 5,013,398. U S. Patent No.
5,736, 457 ded¥hdsLope ﬁg\"@“&ﬁﬂlecﬁlﬁh as Huppaaehglicamoxide fF$GY.amdopedr ocesses.
In the "singkg; ) ho.vias and, conduct or are formed in
separat e stelps)gl g?@i%%ﬂgl ﬁﬁg{ﬁg‘gﬁ%ﬁ%ﬁ@?g}aﬁﬁ%P&bﬁ ﬁ%@ﬂdﬁ’ﬁ&ﬂ!&a‘%rs or
vias i s ®t cheifichitplass (BPSGRSAd hlfosbBae kilicat | ed of| jnto the
etched grooves orgk:/i thl_gs i% ts e diSlellceS{Er;?issg(Fgg)el’ﬁfopg%gfrtuhgs%gcess met al
i s renoved b¥hermadyrgtuwn silicomoxidel dqped wanindeped STEQSMEYosied Bilicon dide) back

process. In the ~dual, 20. damascene" approach, the netallization patterns
for the vi asegndnteo(ﬁﬁ]ﬁ‘émﬁ Pants ncly o Phospharpe and/pe arsgpise Bhied t he

or th ASET iopans AT op ophe carsagier Bl the
FiTing and. orkents dofPRe) BURLRe of sufitpfluclve B koG dnyme °

di stribute t kiica,anetalsauelr a¢ slensnithacuppef, tiiituma titfesteh Nmdlyi¥entd H0t ai n
uni f or tchipng rates over the entire surface of the wafer. 25 Current gas

di st ri btit i on2li¥siBeeok aiirigas sychas ianing nitrislee mstel silisidesisiclh antimnium
silicide, cobalt silicide, tungsten silicide, molybdenum silicide,- etc. A plasma
etching technique, wherein a parallel plate plasma reactor is used for etching
openings in silicon oxide, is disclosed in U.S. Patent No. 5,013,398.

U.S. Patent No. 5,736,457 describes single and dual “damascene”

15 metallizaﬁon processes. In the “single damascene™ approach, vias and conductors
are formed in separate steps wherein a metallization pattern for either conductors
or vias is etched into a dielectric layer, a metal layer is filled into the etched
grooves or via holes in the dielectric layer, and the excess metal is removed by
chemical mechanical planarization (CMP) or by an etch back process. In the “dual

20 damascene” approach, the metallization patterns for the vias and conductors are
etched in a dielectric layer and the etched grooves and via openings are filled with
metal in a single metal filling and excess metal removal process.

It is desirable to evenly distribute the plasma over the surface of the wafer
in order to obtain uniform etching rates over the entire surface of the wafer.

25 Current gas distribution chamber designs include muitiple baffles which are
optimized to uniformty distribute etching gas to achieve the desired etching effect
at the wafer. However, the current baffle and showerhead electrode designs are

best suited to empirical optimization for uniform gas distribution for a particular




" optimized to uniformy distribute etching gas to achieve the desired
etching effect at the wafer. However, the current baffle and showgr 003
electrodéwﬂﬁg@ﬁﬁg are best suited to enpirical optim zati 8ETIUS00/L614T OT
gas distribution for a particular WO 01/03159 _3_ 2003 PCTIUSOO | 6147 DEC
gap between the wafer and the showerhead el ectrode and are difficult to
adjust to varying gaps between the wafer and the showerhead. In addition,
conventional gas distribution designs include baffles having hundreds of
openings or conplex, difficult to manufacjure geonetries to ensure even
distribution of etching gas to the 5 backSi'de of the showerhead, el ectrode.
When etching large, twelve-inch (300 rum wafers, controlling the process
gas to create a uniform pressure distribution across the showerhead is
even nore di f f3appetweentbe wafesand die shosisrhegd cleattodednd are difficult thadjuscweased

i gni fi tly to.maintai ' di st.ributi f.t hi . As- th
nunber of oprPRGEE EPY R B P alten b Hhohete RadBuioneommmRPEd ges
increase, 10 tH&ri6oaH &etl ﬁd%@dectpﬁf] ‘,E%nﬁd{ r : istribution
appar at us incidgiqslg gr%&%} um‘raryest)l% e nﬂgééﬁntoﬁgﬁ%ﬁgégggégﬁlf%’i nvention
provi des a gadlifficaltno manufaotusy géometyibs erissreaven ABkGbutibn dfRtdBn fACHURE

desi gn regui ring a small nunber of baffle EI ates, while still “achieving
desired gas ditacksidnef ba shawsrheadsalestrpdgugihen etbloing dargadiweBtesinch ¢30Cmm) be

optim zed for Siz bsirate and/ or gap between the showerhead and the

seni conduct or “Zﬁ?%‘gt F%R%écﬁg%g ﬁ’ﬁ%??‘f‘é%gﬁsetﬂ.cg?éﬁe QM%ﬁ%H,TCSFWQ}bﬁ‘@é@‘Rn 359Nt i on
can inprove hEahdwerRESS ebdPRb: RRRYR! NBRMMBAS 0f 98Enihes &&Qﬁhgﬂmﬁ&ppm

pl ate, 20 thereby creating better tenperature uniforimty-across e

el ectrode sur fogdnereased significantip fo tmaintin anifotm diswitnttionrofabn efehingi gde. As

general Iy contj nuous electrjcal _confact anong the conponents of a
shower head el &&% Rymberpfopgpiogs mthe %8%% yagrease and the number of baffles increase,

10 the complexity and cost to manufacture such a gas distribution apparatus increase

greatly.

Summa the Inventio
The present invention provides a gas distribution system which is a simple

15 to manufacture design requiring a small number of baffle plates, while still
achieving desired gas distribution delivered through a showerhead. Gas flow can
be optimized for any size substrate and/or gap between the showerhead and the
semiconductor substrate being processed. In addition, the present invention can
improve heat transfer from a showerhead electrode to a cooled support plate,

20 thereby creating better temperature uniformity across the electrode surface.
Furthermore, the present invention can provide generally continuous electrical
contact among the components of a showerhead electrode gas distribution system.

A gas distribution apparatus according to the present invention includes a
support plate and a showerhead which are secured to define a gas distribution

25 chamber. The chamber includes a baffle assembly including one or more baffle
plates which can be used to achieve a desired pressure distribution across the

showerhead. Multiple gas supplies provide process gas into the gas distribution




A gas distribution apparatus according to the present invention includes a .
suppor twabies %nd a shower head which are secured to define a gas 30 DEC 2003
di stribution 3 chanber. The chanber includes a baffle aS€EMSPYIG4T] udi ng
one or nore baffle plates which can be used to achieve a desired pressure
di stribution across the showerhead. Miltiple gas supplies provide process
gas into the gas distribution WO 01/03159 -4 3 0 DEC 2003 PCT/ USQO 16147
chanber where the process gas flows downward through the baffle assenbly
and through the showerhead. A first enbpdi nent of the invention includes a
baffl e assenbly having an upper baffle plate. A seal nenber, such as an
Oring is at an internmediate 5 | ocati on between the upper baffle plate and
The seal nenber i vides the space therebetween into

th t plate. d
inﬁe?ugﬁgrofﬁa&? evél?ecfﬁg?e REQcess 2aslqws downward threwghiihe bafflecassemblysaniint o t he

i nner regi O,y gﬁ%hf){vg{qeﬁdsecond gas supply directs gas into the outer
allo

regi on. The arrangenent ws di fferent gas chem stries and/or gas

pressures to be prfirst daboligncnp 6f theNfveriiof iRdhES: 7 8800 rdﬁgz 1 t,
better 10 control of gas chem stry and/or 1gas Sressurgégcr sgm{'ﬁé%substrate

can be achi BRRed baffle plates A scalimemipero suchsaspmy @iridgeis 2t anf imtelinmididi®g such
process. par met.ers duriﬁgsrglrog%si ng of a substrate. |f desired, mddle
and/ or 1 owel®B39Y SWSFD tFURPST baftle plate A the yppedt plate .+ Mhe seal phemhers. The

first pl g ts iddle baffle plates. 15 The
sla::gndppleggg?rﬁc&g %%a?gﬁ%%%r? lggbeﬁ%grg@(ﬁ @gg} SRer Q%ﬁféq@% Fré‘tgs?é, and
the third phuppiydirscts ganinesitheahng @Bgioh Gnk @aefrobas §éc§nd?|§§§ @ﬁdﬂ&ﬁs

ni

shower head. The E}Iﬁenums can be used to create a nore process gas
pressure di 83SrEUESNEr16g108s Tihearmngewentablows [differestegas ollemisndel andrdgr of t he

present | nngﬂstﬂrggsu}egeto%uepp%\rritdeg%ngg rinnf:r and outer regions. As a result, better
10 control of gas chemistry and/or gas pressure across the substrate can be achieved
by preselecting process parameters or adjusting such process parameters during
processing of a substrate.
If desired, middle and/or lower baffle plates can be arranged to define three
plenums. The first plenum is located between the upper and middle baffle plates.
15 The second plenum is located between the middle and lower baffle plates, and the
third plenum is located between the lower baffle plate and the showerhead. The
plenums can be used to create a more uniform process gas pressure distribution
across the showerhead.
In a second embodiment of the present in\'rention the support member
20 includes a recess in its lower side which defines the gas distribution chamber. The
support member has a first gas outlet supplying a first process gas into ﬁ central
area of the recess chamber and a second gas outlet supplying a second process gas

into a peripheral area of the recess. Secured within the baffie chamber are an

upper baffle plate and a lower baffle plate. The upper baffle plate is arranged to
25 receive gas exclusively from the first gas supply and the lower baffle plate is

arranged to receive gas exclusively from the second gas supply. A first set of gas

passages in the upper baffle plate is in fluid connection with gas passages in the

second baffle plate to create a set of flow-connected passages throngh which the



20 includes a recess in its |lower side which defines the gas diStrit“§ﬁﬁ?32mﬁ
chanber . whwRmagepport nenber has a first gas outl et SUpplékﬂﬁuﬁm;%f§t

process gas into a central area of the recess chanber and a LIt
outl et supplying a second process gas into a peripheral area of the
recess. Secured within the baffle chanber are an wupper baffle plate and a
| oner baffle plate. The upper baffle plate is arranged to 25 receive gas
exclusively fromthe first gas supply and the |lower baffle plate is
arranged to receive gas exclusively from$he second gas supply. A first set
of gas passages in the upper baffle plate is in fluid connection with gas
passages in the second baffle plate to create a set of flow connected
passages t hr ofgh ' 147

P et opr ocese gappee e IR RELAPROh ok uPprt ety Bary ine Eielénity

under si de of lolwer baffleeplathafTHeesepdmit rocdsh gas loas dhrpugls & Secomd el ofoxs t hrough
a second set of gas, passages in the |ower baffle plate to its unhderside

adj acent t he PAs83&es dpthsrlowgrbaflls plase frolisiundesside pdjacant thechackside of the i r st

i , iall ith th d : bef
Pl ot e 955 1aoefiba My ol WPaBRNhdR, theFirdl Bl ad GOS0t BR SEaTatAly | ooy
baffl e arsd t hgith me@ﬁ&%g%&%@f&@%@%?ﬂﬂh& un@érsidk &E‘ﬁ%ﬁﬁfﬂ\é’.ﬂi ch

al l ow the gases passing throu t he showerhead to be selective
control | ed, eTkg space beieen ke lomief bafficandrtbe shriviesheadgan bahe spactd yparand/ or

pressure across the,showerhead, Gas fromboth the first gas_supply and the
10 second gas@ﬂ%ﬁlcyaweﬁgﬂlcﬁ@yﬂﬁﬁﬁ%gf’ﬁeﬁ Passins Groughdhe showerheadse bshower head
into a regiog [ S e | e f .the awi ng The
obj ects and ad\l/%ﬁ? gl edsagg?hi&iﬁ??ﬁ&/({eﬁgtq?%vﬁq{vd@hﬁ%%%@%@g%% %hfﬂqrrset ding the
fol | owi ng detand/edpréssnes aqrbssothe ishoweerhead) CGad frowi Bdth theefigt axd APyl dhdwhé ch:

15 FIG | is a sectional view of a gas distribution chanber according to
t he 10 second gas supply flows through'a third set of openings in the showerhead into a

gas

region spanning the substrate.
ri iption of t
The objects and advantages of the invention will be understood by reading
the following detailed description in conjunction with the drawings in which:
15 FIG. 1 is a sectional view of a gas distribution chamber according to the
present invention;
FIG. 2 is an exploded perspective sectional view of a first embodiment of
the present invention;
FIG. 3 is a sectional view of the first embodiment of the present invention;
20 FIG. 4 is an exploded perspective view of a second embodiment of the
present invention;
FIG. 5 is a sectional view of the second embodiment;
FIG. 6 is a perspective sectional view of a lower baffle plate of the second
embodiment of the present invention;
25 FIGS. 7A-B show an etching process which can be carried out with the gas

distribution system of the invention.
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present invention; FIG 2 is an exploded perspective sectional view3g E&th{J!]}

first ' t of the present invention; FIG 3 is a | VI ew 0
the fi %ngb odi nrent of the present invention; 20 FIG ﬁéf’bg‘g’ﬂ‘%‘&?m oded

perspective view of a second enbodi rent of the present invention; FIG 5
I's a sectional view of the second enbodinent; FIG 6 is a perspective
sectional view of a |lower baffle plate of the second enbodinent of the
present invention; 25 FIGS. 7A-B show an etching process which can be
carried out with the gas distribution sstemof the invention. WO 01/03159
-6 3 0 DEC 2003 PCT/USOQ 16147 Detail ed Description of the Preferred
Enbodi ments For a better understanding of the invention, the follow ng
detail ed descr.ipi+on I fers h . ying draw ngs, wherein

el
preferred exent nvention are illustrated

and descri bed. Im%ehbpﬁndést gdsfﬁl@qﬁu%naﬂnﬁerféumg éfePaﬂb&’e”t'fy li ke
el ements in the drawings are the s t hroughout. Accofding to the present

i nvention, gdeseipsiongafersrnthbaceompanying\drawings, winrtmcprefeored@remplaryror e gas
supplies to a substrate positioned underneath a showerhead. The shower head

Candbe usgd Wga %/Qfgxtthprg@m RSP Ilmnpmé@éggp%lbﬁgpénag@l‘goﬂher einit
: Such
appar at b | M e it SRS AR K eBmeRh IR bR AR
ECR

reactors, i pgaihote. coupl ed plasm r eact ors, reactors, and the |ike.

L

According to the present invention, process gas can be uniformly
distributed from one or more gas supplies to a substrate posiﬁoned underneath a
showerhead. The showerhead can be used in any type of semiconductor
10 processing apparatus wherein it is desired to distribute process gas over a
semiconductor substrate. Such apparatus includes CVD systems, ashers,
capacitive coupled plasma reactors, inductive coupled plasma reactors, ECR
reactors, and the like.
A gas distribution system for a parallel plate plasma reactor is shown in
15 FIG. 1 wherein a support plate 20 and a showerhead 22 are secured together to
define a sealed gas distribution chamber 24. A baffle assembly 26, including one
or more baffle plates, is located between the support plate 20 and the showerhead
22. According to the present invention, the geometry and arrangement of the
baffle assembly 26 is configured to uniformly distribute gas to a backside 28 of the
20 showerhead 22. In semiconductor wafer processes such as chemical vapor
deposition or dry-etch plasma processes, the controlled distribution of process gas
across the substrate is desirable in order to increase the consistency and yield of
these processes.
As seen in FIGS. 2 and 3, in a first embodiment of the present invention
25 the baffle assembly 26 includes baffle plate 30A and optional baffle plates 30B and
30C. The baffle plates 30A-30C, are positioned within a recess 32 defined by a
peripheral upwardly-projecting side 34 of the showerhead 22. The upper baffle
plate 30A is spaced from a bottom surface 36 of the support plate 20 by an O-ring




A gas distribution systemfor a parallel plate plasma reactor is sh@vhDEH0g3
15 FI G %Yd\@ﬁ@%& a support plate 20 and a showerhead 22 are secured
0

t oget her ine a sealed gas distribution chanber 24. BCHESGONS14Gssenbl y
26, including one or nore baffle plates, is |ocated between the support

pl ate 20 and the showerhead 22. According to the present invention, the
geonetry and arrangenent of the baffle assenbly 26 is configured to
uniformy distribute gas to a backside 28 of the 20 showerhead 22. In

sem conduct or waf er processes such as chenical vapor deposition or
dry-etch plasma processes, the controlled distribution of process gas
across the substrate is desirable in order to increase the consistency and

yield of the ocesses, _As.seen in FIGS. 2 and 3, in a first enbodi nent
of the pr esené‘ﬁi ﬁf)é%‘sr%‘?s 3% divides spagerteavecadheBPREr ofieRlaisROA ard tiEe pl at e

30A and optio n 3 . ffle..plkates 30A-30C, are
posi tioned w 'Itg ﬁ#%&gﬂrag%@sﬁ@gﬁ%g%%%dg%cy %%@?%ﬁ@? %pragéﬂf%?ﬁ?ﬁoj ecting
side 34 of thhasiaguliffbeatgachemiried pedssitel bhdlor Rb#trate3 0454 om a
bottom surface 36gof t he _%upport F;I a?gésgo by a(r)erri ng 3 OS%IE%?ggggt ga\EI\D

01/ 03159 PCT/ sapmly ¥#81fiaws int@8 cerlirad region A2 b&tvedi thedeppes paffle plate BoAantihe

upper baffle plate 30A . and.th upport plate 20 into two regions, each of
whi ch can’be tHepeH RJ?‘G%Qsﬁﬁaém%Wai?PW& SASSHRRIR A¢ flpyes intoan annulass

pressures and/ : |k 4 laws,into a
central regi oﬁﬁi@%%\/\%@nﬂﬁﬁé&g% %r%@Fééﬁgégaﬁﬁpgir%ppgrﬁﬁ@ef%ﬁort
plate 20. Gas 3DAcandaths @appvit plate 20)PPhy/midilé A Bottoh Pladed FOB)B0E& canBannel
44a and then into a peripheral region 46 between the upper baffle plate

30A and the s@panged pelawahoopperthaifin platesiOdne dsfine opepplenums 388, 48BC can be
Fher obet veen MTEMBRERE R o Beog 45 defvechane Bt o DRRImIBE A0S 8300 and
10 the shover pgaghotéerhead 22.
Each gas supply creates a pressure distribution across the surface of the
upper baffle plate 30A wherein the gas pressure is highest adjacent the gas supply
outlet and decreases in a direction away from the outlet. Thus, the relative gas
pressures between the peripheral 46 and central 42 regions of the top surface of the
15 upper baffle plate 30A can be adjusted using first and second mass flow controllers
50A, 50B which are connected to the first and second gas supplies 40, 44. Fach
mass flow controller S0A, 50B can be supplied a desired gas mixture by adjusting
flow rates of two or more gases supplicd from gas supplies 50C, 50D, 50E, 50F,
etc.
20 Process gas is distributed across the central region 42 and peripheral region
46 between the upper baffle plate 30A and the support plate 20, and passes
through openings 52A in the upper baffle plate 30A into the open plenum 48A
between the upper and middle baffle plates 30A, 30B. Thereafter, gas flows
downward through openings 52B in the middle baffle plate 30B into an open
25 plenum 48B berween the middle and bottom baffle plates 30B, 30C, then through
openings 52C in the bottom baffle piate 30C into an open plenum 48C between the
bottom baffle plate 30C and the showerhead 22, and ultimately through openings

54 in the showerhead 22 before reaching a substrate. Each time the gas enters into
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Each gas supply creates a pressure distribution across the surface of the

upper f ate 30A wherein the gas pressure is highest adjacent GHe)
suppl y%{mk'ﬁ%g& and decreases in a direction away from t hBCHMSIUI614Thus, %03
relative gas pressures between the peripheral 46 and central 42 regions of
the top surface of the 15 upper baffle plate 30A can be adjusted using

first and second mass flow controllers 50A, 50B which are connected to the
first and second gas supplies 40, 44. Each mass flow controller 50A, 50B
can be supplied a desired gas m xture by adjusting flow rates of two or
nore gases supplied fromgas supplies 50C 50D, 50E, 50F, etc. 20 Process
gas is distributed across the central region 42 and peripheral region 46

bet ween t he ug er paffle ﬁlgﬁl{?e 30A and _.t he s_ugport pl ate 20, and passes
t hr ough opef? 8%“3 R, NP bRdiressyre disributen 1s3¢amped: 35 anyenospadom enum 48A

bet th . ] f : Ther eaf t fl
Gownver d 1 npioaRRe oAt StEu PR fiorf ahlaR SERigh Wtessitlo 38 Db Tresti, open
25 pl enum 4FBufdfyvemifighting tedghsliarButiat §Rbubaf ddimend @hﬁaiitﬁgﬁgleﬁ%s then

t hrough openings 52C in the bottombaffle plate 30C’into ‘an open plenum
48C bet ween4$ hetwesa ke hafflaplates 3), at subsomiallycurtiformsprossard distritidionaan
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nonuni form pressure equalizes sone romare of "h to

areas of | othpbafewssemblflofishe seyombanbgiimengintlidegaso Baffleplied 564, system to
define a plg lity of plenuns 48 between the baffle plates 30, a
subst anti al éﬁa—umhf:dhpﬁ?rpw@%maée 86A tinglpdasiportionsHin ceniset withites suppett t he
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secondi (enbogtionihead 2. US\BFace \® stididel @nBicBb& e the support plate 20, baffle
assembly 26 and the showerhead 22 both facilitates heat transfer between the
showerhead 22, the baffle assembly 26 and the support plate 20, and can provide
an electrically conductive path between the showerhead 22, baffle assembly 26 and
the support plate 20 in the case where the showerhead is used as a top electrode.
15 During processing, the temperature controlled support plate 20 acts as a
heat sink, drawing heat from the showerhead 22 through the baffle assembly 26.
For instance, coolant can be circulated through cooling channels 58 in the support
plate 20 to dissipate heat generated during processing of a substrate.
In the second embodiment, a first gas supply 60 is configured to feed gas to

20 a central recess 62 in the upper baffle plate 56A. A second gas supply 64 feeds
gas to an annular manifold 66 which distributes gas to a peripheral region 68
above the lower baffle plate 56B. The manifold 66 may be integral with the
support plate 20 or can comprise a separate component of the gas distribution
system.

25 The upper baffle plate 56A includes radially extending channels 70 which
distribute gas from the generally centrally located first gas supply 60 to the
periphery of the upper baffle plate 56A. The channels 70 are defined between
contact surfaces 72 which contact the bottom surface 36 of the support plate 20.




56B. The upper baffle plate 56A includes portions in contact with tqﬁﬂﬂE
support webpbAas20 and the | ower baffle plate 56B incl udespp@ricofiviqt C 2003
contact with the 10 showerhead 22. Surface to surface contact between the
support plate 20, baffle assenbly 26 and the showerhead 22 both

facilitates heat transfer between the showerhead 22, the baffle assenbly

26 and the support plate 20, and can provide an electrically conductive
pat h between the showerhead 22, baffle assenbly 26 and the support plate

20 in the case where the showerhead is ufkd as a top el ectrode. 15 During
processing, the tenperature controlled support plate 20 acts as a heat
sunk, drawi ng heat fromthe showerhead 22 through the baffle assenbly 26.

For i nst anceHeﬁggﬂcf‘gl%%t?ﬁ’huﬂ‘émcﬁﬂ%‘h%h?ﬁ'nctuggagﬁ@gﬂ? ?Pa'té 56A 8 ﬁgx?%éit@ the

support plate | ssi pate heat gener ng processin

substrate. | g0ttheughkconshridebo®l. n8ivhilardy,fthe &ip wakics uPhelower baffle@hdte gured to
feed gas to 20 a central recess 62 in the upper baffle plate 56A. A second

gas supply 646Bdeelydesgadially ezgnding phannelsnid wiuch dgriphiecgasdrantbedut es gas to
a peripheral regjon.6 ove. wer baff | I .56B. The manifol d 66
" be”t e cqPaTRR ?%%Hgg%%?f %?%%wlﬁrr&eﬁwﬁmﬁﬂﬁfgﬁa@eem
conmponent o u : . SRk

i ncl udesgradiléll f‘rylﬁhéfgg lna?i% ?1% 'C?gﬁgae‘}léﬂg%ﬁ%?%%c%ggwgﬁ?e ggé@?romlfhe

gener al | y cemrbntatd surfacesT&ohichrtbérngdly amdepdcyricéallytcontabethe pppepbeaftly phite t he
upper baffle plate 56A. The channels 70 are defined between contact

surfaces 72 whchAlberghcthe channgls 10y fdaudi78cse sbove in e uppphsirfaces atde20. wo
From the uppdPParl o"at imes el colsa BrAB nElolet S sl o™
el udes 1 ad PR B 2O e DRI B, hi ch i St1 1 bute gas from the
peri phedél | y | ocat@penimgsi§0dbcht@bin the aadialipn extending aansels 74 inrtheuppart r al  part
of the baffle plate are flow-connected to a first set of openings 82 in the lower baffle
plate 56B. That is, the openings 80 in the upper baffle plate S6A and the first set
of openings 82 in the lower baffle plate 56B define a generally continuous and
uninterrupted fluid pathway from the first gas supply 60 through the upper and
15 lower baffle plates 56A, 56B. Gas from the second gas supply 64 flows through a
second set of openings 84 in the channels 74 in the lower baffle plate 56B. The
flow-connected openings 80, 82 and the second set of openings 84 are arranged to
prevent significant mixing between gas from the first gas supply 60 and the second
gas supply 64. Such an arrangement will allow some gas to migrate between the
20 upper and lower baffle plates. To prevent such migration, the upper and lower
baffle plates could be adhesively or metallurgically bonded together in a manner
which prevents the two gases from mixing together.
Preferably, the flow-connected openings 80, 82 are created by aligning the
openings 80 in the upper baffle plate with the first set of openings 82 in the lower
25 baffle plate by any suitable technique such as mating alignment features such as
locating pins. However, other techniques for connecting openings 80 to openings

82 include interposition of a patterned gasket between the upper and lower baffles




S lower baffle plate 56B. , The. radially extending channels 74 are3deff(mg
between contact surfaces 78 which thermally and electrically contact the
upper b¥APOIPPat e 56A. Al though the channels 70, 74 andPCHUSHEELIG4TOWN i n

t he upper surfaces of the wupper and |ower baffles, they could al so be
formed in | ower surfaces of the support plate 20 and upper baffle plate. 10
Openings 80 located in the radially extending channels 70 in the upper
baffl e plate are fl owconnected to a first set of openings 82 in the | ower
baffle plate 56B. That is, the openings, 80 in the upper baffle plate 56A
and the first set of openings 82 in thé'tower baffle plate 56B define a
general ly continuous and wuninterrupted fluid pathway fromthe first gas
supply 60 through the upper and 15 | ower baffle plates 56A, 56B. Gas from
t he second gexthepppyigioapffindivkiuahbeshorded detned theopafingsiarthegpped4ndn t he
channel s 74 ign tgegg)v%r baffl e plate 56B. The fl ow connected openings 80,
82 and the s@MGRJHEPIBESypenings 84 are arranged to prevent significant

oy QlenCineen, gaant bafimiriabd pf nda0warBanY ol 368 it SRRl 02° 5uPP Y

64. Such an arrangenent w OW sone gas gra he 20 upper

and | ower badévwewadii-projectingpuaAly poitions 86 whidi dkhfally AlPelREBAlPEShA@er
baffl e plates could be adhesively or netallurgically bonded tdgether in a
manner Swhi clegpryeniace afiibe shaweraeask22.r Bothnths floy-cagectad opeings 80,8% y, t he

the apper  bafld BB SRAE e ofopsnuitersLop@atiogndiafle shirsd domur chselsdor - o5
baf f | | ' Wart [ '
affle plat egdphedhy lib”db@alﬁhﬁx&l?—(ﬂ?)ﬁﬁgﬂﬁ% g«gﬁﬁoﬁﬁmﬁ ; nﬂleaéﬂagﬂffq?% chRtHYr es

such as locating pirns. However; I ques for connecting openings 80

to openings fdited i khedeppen serfaesift the sheberheddadrt the spate datieih thelowagn t he
upper and |lower baffles 3 0 DEC 2003 WO 01/03159 PCT/ US00/ 16147 -10 or the
provi si on of Pafflgiplate aed the showerrnad cquidehe pncopen plenyive Withgyr withquheontpgier and

Lover by T e, fhighe therebetween for conducting heat away from the showerhead and/or
supplying electrical power to the showerhead.

During semiconductor processing, gas from the first gas supply 60 flows
through fiow-connected openings 80, 82 in the upper baffle plate 56A and the
lower baffle plate 56B, and gas from the second gas supply 64 flows through the

15 second set of openings 84 in the lower baffle plate 56B. Gas from both the first
and second gas supplies 60, 64 mixes in the channels 88 in the underside of the
lower baffle plate above the top surface of the showerhead 22 and flows through a
third set of openings 90 in the showerhead 22 toward the substrate.

Across the upper baffle plate S56A, gas pressure is highest near the centrally

20 located first gas supply 60 and lowest near the periphery of the upper baffle plate
56A. Process gas flows downward through the flow-connected openings 82, 84 in
the upper and lower baffle plates 56A, 56B to the open channels 88 in the
underside of the lower baffle plate 56B. In operation, if the first and second gas
supplies deliver gas at the same pressure, gas from the first gas supply 60 sets up a

25 pressure distribution wherein pressure is high proximate to the center of the lower
baffle plate 56B and low at the periphery of the lower baffle plate 56B whereas the
gas from the second gas supply 64 sets up a pressure distribution wherein pressure

is high at the periphery and low at the center of the lower baffle. Consequently,




The bottom surface of the |ower baffle plate 56B incl udes annul ar ?PUECZUUJ
gy

downwar @iy o kgcting wall portions 86 which thermally an
contact 5t jea}jt op surface of the showerhead 22. Both thegﬁ%ﬁ@%"‘%nect ed

openi ngs 80, 82 and the second set of openings 84 open into radially spaced
annul ar channels 88 defined by the downwardl y-projecting wall portions 86.
The channels 88 could be forned in the upper surface of the showerhead or
t he space between the lower baffle plate and the showerhead coul d be an
open plenumw th or w thout contact 10 pqations therebetween for conducting
heat away fromthe showerhead and/or supplying electrical power to the
shower head. During sem conductor processing, gas fromthe first gas supply

60 flows thr f ' A | & plate
SA and the oD Rk FAMRNIroLREhIGRAR tnp Breesile B8 MOMEbadBIAC A P 763
f1ows throughhé fiwierhagicinthesideahoRnBiifonisactbs ithe bdtksiie W thebdbohethepd at e

56B. Gas fromboth the first and second gas supplies 60, 64 mxes in the

channel s 88 in t hdnanddiesnagide procesming scheme pthiefgae distraBioalnystent ¢aa t op
surface of the showerhe 2 and.flows through a. third se f openings 90
Th e showerRBAE SEoRBRLsG TR LTBLER ATEs i s buting AoRee e RRE 41 ar o
56A, gascpre | ' > | e

suppl y 68 an?%ﬁ%@%&%@ t 'epg'gér’ﬁ p Zﬁ,éﬁ%ﬁ?ﬁ?ﬁ%%&g%@g ag@f?#jl ee&%@eﬂgggA.
Process gas fihobsckdiderd8asftthé Blicweghedd B2 fsldevirable)niee flood dpRiphnbe sétdnd 84s i N

the upper and |ower baffle plates 56A, 56B to the open channels 88 in the
under si de of supply|6vgan bheoselactively ancremedrelativesgdhe flowrihrqughtthe firgtiges and

second gas suppli el iver s,at. the same pressure, . fromthe first
gas supply oouRy 6t Canveriy S faivey Righoh pldGie . Besitfie B Bt 1y g
proxi mat e to drhige 58KsR¥e ¥ of thE shoWRhead a2 kit MbRitRroaSIB R Gt gﬂ! ﬁxﬁgfy%

peri phery of the lower baffle plate 56B whereas the  gas fromt second
gas supdly 64asdednceasedpehtse tosthdiflotw ihomighahe sdvendigas puppdy 64 e Thus, ini gh at
t he periphery and | ow at the center, of the |ower baffle. Consequently, 3 O
DEC 2003 WO Oh¢ 6ase spgie W @peasing, the gas distribution system can supply

different gas chemistries to one or more annular zones above the wafer. Because
the gas chemistry, flow rate and pressure can be made uniform circumferentially
around each such annular zone but varied radially from zone to zone it is possible
15 to effect uniform processing of a wafer during processes wherein the processing
conditions at the wafer surface vary across the wafer.
FIGS. 7A-B show schematics of how a dual-damascene structure can be
etched in a single step in accordance with the invention. FIG. 7A shows a pre-
etch condition wherein an opening 500 corresponding to a trench is provided in a
20 photoresist masking layer 520 which overlies a stack of a first dielectric layer 540
such as silicon oxide, a first stop layer 560 such as silicon nitride, a second
dielectric layer 580 such as silicon oxide, a second stop layer 600 such as silicon
nitride, and a substrate 620 such as a silicon wafer. In order to obtain etching of
vias throngh the first stop layer 560 in a single etching step, first stop layer 560
25 includes an opening 640. FIG. 7B shows the structure after etching wherein the
opening 500 extends through the dielectric layer 540 to the first stop layer 560 and
the opening 640 extends through the second diclectric 580 to the second stop layer




-11 with the baffle arrangenent of the invention, the pressure seen 3%bﬁﬂ§mai
backsi f he shower head can be nmade nore uniform acr ck9i

t he shg&%ﬁﬂgé . In an alternative processing schene, tﬁgﬁgﬁgﬂﬁfg ri bution
system can provide a controlled, nonuniformgas pressure distribution

across the backside 28 5 of the showerhead 22. For exanple, if high gas
pressure around the periphery of the backside 28 of the showerhead 22 is
desirable, the flow through the second gas supply 64 can be selectively
increased relative to the flow through_{ie first gas supply 60.

Conversely, if relatively high gas pressure is desirable near the center

of the backside 28 of the showerhead 22, the flow through the first gas

supply 60 1 ap he increased relative to the flw,thr he secgnd gas
supply 64, 60ffc Sugtien fFateRGER: R & iefffeilals s lAer Rl danaige

di stributiog s¥slem can supply different gas chemstries to one or nore
annul ar zones above the wafer. Because the gas chemistry, flow rate and

pressure can be DMrgiggihe £0k Pravess; prdesesds cnlitionasopplitd dyahe fwstandnnul ar
zone but varied radially fromzone to zone it is possible 15 to effect

uni f or m pr osesend gas supplieswnf the fiustrand gepnnd cahodinonia can he ehanged selatdvd tog
conditipons at .the wafer surface var cro he fer.. FIGS. 7A-B show
schematqocs gAch rae&anggbgﬁgfﬁq%ﬂcﬁﬁgb@arﬁ%e° (¥ 88V 85D Eé{'%si ngl e
step in acc L {de L 091k MR P eanDeGuppe S ARV Guring étening b thecONdi ti on
wherei n an g%@‘ﬁ’?ﬁ‘g"’)é%g %c’)msﬁ)on;ﬁ‘n@ to a tPénch i's prcg\eéidem in a 20

phot or esi st vize$K nig: floy aif the?Oxygan ¢ theweniraleegmnifahk waferaah best di el ectric
| ayer 540 such as silicon oxide, a first stop layer 560 such as silicon

nitride, a dewesssd. dnihekase pEetchipg lowdodigigetricdayers, the Procsss 8RS €28 second

stop layer 60 uch ] L r S a
silicon waf g}c?uq%rflclg@@?ﬁ#%ﬂ %%B & nlaziélg ﬁ?#ﬁ%r&\?%&sﬁ {Oh%gaygé%ng&ﬂ}?%t st op
layer B0 i Patid Sinte varRHGHAIAY & Sdhievel unsforis le@ihingy FhuR GOcotbingneltheles an
opening 640. FIG 7B shows the structure after etching wherein the opening

500 ext ends invientomythetfiev df gases ta the centge andadpetaf theywafgrcgn beadmsiedyter 560
and | e OPentng, Sa%eLgne: SHESYHh LR 8GUhifl EhSdn HOphnd e
chamber. For example, in a conventional plasma etcher, edge fast etch conditions
can occur until the photoresist is eroded after which center fast etch conditions can
15 occur. With the gas distribution apparatus according to the invention, more
oxygen can be supplied in the center when the wafer has a photoresist Jayer
whereas when the photoresist layer is eroded away, the flow of oxygen to the
center can be reduced. As a result, more uniform etching can be achieved by
compensating for the edge-fast and center-fast etch conditions. |
20 The process of the invention is applicable to various plasma processes
including plasma etching of various dielectric layers such as doped silicon oxide
such as fluorinated silicon oxide (FSG), undoped silicon oxide such as silicon
dioxide, spin-on-glass (SOG), silicate glasses such as boron phosphate silicate
glass (BPSG) and phosphate silicate glass (PSG), doped or undoped thermally
25 grown silicon oxide, doped or undoped TEOS deposited silicon oxide, etc. The
dielectric dopants include boron, phosphorus and/or arsenic. The dielectric can
overlie a conductive or semiconductive layer such as polycrystalline silicon, metals

such as aluminum, copper, titanium, tungsten, molybdenum or alloys thereof,




WO 01/03159 -12 PCT/ USO00/ 16147 3 0 CEC 2003 600. Such an arrangenen 09fP ﬁﬁ
referredwbﬁ%@g]ssg "sel f aligned dual -damascene” struct ure.pcipidod 1&2‘9 et‘:,Z

process, gas conditions supplied by the first and second gas
supplies in the first and second enbodi nents can be changed relative to 5
each other, e.g., during etching of the trench 500 a m xture of Ar, oxygen
and fluorocarbons (e.g., CHF3 and C4F8) can be supplied and during etching
of the vias 640 the flow of the oxygen to the central region of the wafer
can be decreased. In the case of etching-fsowk dielectric |layers, the
process gas can include a hydrocarbon such as CA and the hydrocarbon to
oxygen gas flowrate 10 ratio can be varied radially to achieve uniform

etching. Thus, .according to t dpvent oo Ea&ﬁﬁ ik hsaieent er
and edge of t & épc%g#lglgmglgf]ﬁé{f%iﬂ%%f) ﬁlé%:?r%sesﬁ]zlscg;ﬂg?i or egglectl(%éts?t et chi ng
and center fasfy HE,hiuBgst&?E&%Eid%pﬂ@l;idanﬁm%ﬂﬁ@eérm. chanber. For exanple, in
a conventional plasm €tcher, edge fast etch conditions can occur until

the photoresist is Thegmafcarbe athighdemsity plasfragroduced, ie yatous wpes ¢fan 15

occur. Wth the gas distribution apparatus according.to the inventi.Q nor e
oxygen can be Blappareastors Sheh plasma reagtr tipcallyhaxe %Fé’senﬁr%m?eéﬂ@& | ayer

wher eas }[Ngf ncgﬂseaolgﬁ r%tgg{ggzgﬁéragmf@ Enérg¥ ,?IF]Q%’%GC HURK, elchfo {)ﬂoﬁ)ﬁﬁ@fhe%gtge nto

the cen a res ré uniformetching can be

achi eved by cggmapsMsnd0 F6Y instfces dchifh dbnsivyplasamd evuld bs praruced in 2
conditions. 20 The process of the invention is applicable to_various plasna

processes i nciranifoner eepied plasman@ GR™)y whichus 2lgp srlled mdRctvehepQupletch as
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doped or wpdopeeovViEEE hiftniemsine plasink ixdisclosedde commonlyThwned U.S. Patent No.
5,820,723, the disclosure of which is hereby incorporated by reference.

The present invention has been described with reference to preferred
embodiments. However, it will be readily apparent to those skilled in the art that
it is possible to embody the invention in specific forms other than as described

15 above without departing from the spirit of the invention. The preferred
embodiment is illustrative and should not be considered restrictive in any way.
The scope of the invention is given by the appended claims, rather than the
preceding description, and all variations and equivalents which fall within the

range of the claims are intended to be embraced therein.




di el ectric dopants include boron, phosphorus and/or arsenic. The dielectric
can overlie a conductive or sem conductive |ayer such as polycrystalihﬁﬁ
silicon, metals such as alum num copper, titanium tungsten, nolybd ¢ 2003
or alloys thereof, 30 OEC2003 WD 01/03%%9 PCT/ USOO116147 -13 nitrides such
as titaniumnitride, nmetal silicides su as titaniumsilicide, cobalt
silicide, tungsten silicide, nolydenumsilicide, etc. The plasma can be a

hi gh densit‘%aggf roduced |n various types of plasma reactors. Such

pl asma react 3% hi gh energy sources which 5 use RF energy,

m crowave energy, magnetic fields, etc. to produce the high density plasna.

For instanceq the high deng oul uced in a  transforner
coupl ed pl asha (TCP(tm) w%é%s ﬁ%ﬁ&@(?%csé'ﬁ?eé’ﬁ “Fﬁﬁ{(ﬂg‘?ﬁ%ﬁf%ﬂt'ea ?E!Pefpls&ﬂm
reactor, an .el e tron-cycl otron resonance (ECR) plasma reactor, a helicon

pl asma PeSRiGRN ‘b?tofﬁ firate ProgessingvRoeRITsing:hi gh f1 ow pl asma react or whi ch
can 10 provide a high density plasma is disclosed in commonly owned U. S.
Patent No. &sBpPertIGeMbREhavingleomess if alvehsurfadesthehyof] theosuppot ed by
reference. The present invention has been described with reference to

pr ef er r membmrtedingatisst gaev@Mply opéni |htotéacéﬂ?ﬂ dr¥ B Rlbest Anlinpse

skilled in the art that it is possible to enb elnventlonl n" specific

forns °§M“dtMﬁﬁ%ggﬁ%’@ﬁﬂt&ﬁg@ﬁﬂﬁéﬁ%ﬁﬂ V’%er%?rtl ng fromthe spirit of

t he i nventi on I 8%¥'ve and shoul d not be

considered r Lve in he scope of the invention is given by
t he appendeagi’ﬁﬁeﬂé"ap%‘?rﬂgpp%ﬁmﬁydt'Héhepﬂa Jithe, batle arranqgement dnejuding first
vari ation and qui val ents which fall within the range of the clains are
i nt ende@Ne §8CRNGQpenINgs arnpnaedsuch thatgas f[ooﬁthelfwswﬂ‘éfsmmfﬁbasmﬂr&lgh

the first openings without passing through the second openings in the baffle

arrangement and gas from the second gas supply passes through the second openings

without passing through the first openings in the baffle arrangement; and

a showerhead supported by the support member such that the gas passing

through the first and second openings mixes together and passes through a third set of

openings in the showerhead.

2. The gas distribution system of Claim 1, wherein the showerhead is a
top electrode and the support member is a temperature-controlled member of a
15 plasma reaction chamber.

3. The gas distribution system of Claim 1, wherein the support member
comprises a support ring attached to a temperature-controlled member.

4. The gas distribution system of Claim 1, wherein the baffle arrangement
includes upper and lower baffle plates, the second gas supply suppling gas to one
20 or more gas flow channels located between the upper and lower baffle plates, the
gas from the second gas supply flowing through the channels in a direction from

an outer region of the baffle plates towards an inner region of the bafile plates.




1. A gas distribution systemuseful for a reaction chanber used in
sem condweXaavo3gdbst rat e processi ng, conprising: a support pamh?mﬁ 91@E&2083

recess in a |lower surface thereof, the support nenber having a first gas
supply opening into a central area of the recess and a second gas supply
opening into a peripheral area of the recess; a baffle arrangenent |ocated
In the recess, the baffle arrangenent including first and second openi ngs
arranged such that gas fromthe first gas supply passes through the first
openi ngs wi t hout passing through the secddd openings-in the baffle
arrangenment and gas fromthe second gas supply passes through the second
openings w thout passing throw h the first openings in the baffle
arrangenent; and &.siTavgadeRdibuuBAYAH JPCIARES SWRRER hERRRGEEIsSYEh that the
gas passing through the first and Second openings m xes together and
passes t hr oudormed in & thvesstsurface ofptheupper bafil¢ platesindverrin heapper?surfibe of)as
distribution s Istem of _ Caim1, wherein the showerhead is a top el ectrode
and the suppéli"%/ overihafils Blate- { enper at ure-control | ed nenber of a 15 pl asma
reaction chanber. 3. The gas distribution systemof Caim1l, wherein the
support nenber conprises a support ring attached to a

t enper at ur e- cont r .| THe FROBIRKibufion F eﬁ%?@ﬁiﬁii'xbhﬁrbfﬁrthéﬁgﬁ&?@}lﬁac @imil,
wherein the baffle arrangenent- i ncl udes upper and | ower baffle plates, the
second gas siiplowesiaplls pigtegadn thermalecadiaco witinahe layees shiface effithanppes | ocat ed
bet ween t he l;fﬂpffr 1and | ower baffle plates, the gas fromthe second gas
supply flow 8 Wﬁl?gh the channels in a direction from an outer region of
the baffle plates towards an inner region of the baffle plates. WO 01/ 03159
-15 PCTI US00/ 1614 0 DEC 2093 5. The gas distribution systemof Caim4,
wher ei n the channél.sThe gas distribRdion Bysterh @faifils G e thé BRowRGE Pakf! e

pl ate and/or in an upper surface of
electrode, the upper and lower baffle plates are of an electrically conductive

material and the upper surface of the lower baffle plate is in electrical contact with

10 the lower surface of the upper baffle plate.

8. The gas distribution system of Claim 1, wherein the baffle arrangement
includes upper and lower baffle plates, the gas passing through the first and second
openings mixes in gas flow channels located between the lower baffle plate and the

showerhead.

15 9. The gas distribution system of Claim 8, wherein the channels are
formed in a lower surface of the lower baffle plate and/or in an upper surface of
the showerhead, the lower surface of the lower baffle plate being in contact with

the upper surface of the showerhead.

10. The gas distribution system of Claim 8, wherein the showerhead is an
20 electrode, the upper and lower baffle plates are of an electrically conductive
material and the channels are formed in a lower surface of the lower baffle plate

and/or in an upper surface of the showerhead, the lower surface of the lower baffle




/
‘the lower baffle plate. 6. The gas distribution systemof Caimb5, wherein
. the up surface of 5 the lower baffle plate is in thermal contact 3\ 88§ 2003
t he Io%omfgace of the upper baffle plate. 7. The gadGHEI/1B47i on
systemof Claim5, wherein the showerhead is an electrode, the upper and
| ower baffle plates are of an electrically conductive material and the
upper surface of the lower baffle plate is in electrical contact with 10
the | ower surface of the upper baffle plate. 8. The gas distribution system
of Claiml1, wherein the baffle arrangeggnt includes upper and | ower baffle
pl ates, the gas passing through the first and second openings mixes in gas
fl ow channel s | ocated between the | ower baffle plate and the showerhead.
15 9. The :i\s i stribution systemof Claim@8, wherein the channels are
formed in g’% gdy elegicabpnd verma goptaptwith shesppnes suifagecef they an upper
surface of 4 ‘l;}grh%%)werhead, the lower surface of the |ower baffle plate
being in contact" Wwth the upper surface of the showerhead. 10. The gas
di stribution systemof Caim8, wherein the showerhead is an 20 el ectrode,
t he upper and | ower baffle plates are of an electrically conductive
mat eri al and t hdlchBrngdsslisiributicor systbm of Glaimvie wirreih akestniwerheadl ower baffl e
plate _and/or in an upper surface of the showerhead, the | ower surface of
the | cer  SORPTISEAAPIPRDEeAd SleciodeoT| USOO 16147 3 0 DEC 2003 plate being in
el ectrical and thermal contact with the upper surface of the showerhead.
11. The gas distribution systemof Claim1, wherein the showerhead 5
conpri ses a shovgr "Hedga¢ldesttibaite: sybitm dN€El8A , Wikhdih e baMesyst em of O aim
1, wherein the baffle -

arrangement includes a baffle plate and a seal member, the seal member separating

a space between the baffle plate and the support member into central and
peripheral regions, the first gas supply opening into the central region and the

10 second gas supply opening into the peripheral region.

13. The gas distribution system of Claim 12, wherein the seal member is

an O-ring.

14, The gas distribution system of Claim 1, further comprising a first mass
flow controller connected to the first gas supply, a second mass flow controller
15 connected to the second gas supply, and a controller connected to the first and
second mass flow controllers so as to adjust gas chemistry and/or flow rates of the

process gas supplied by the first and second gas supplies.

15. A method of processing a substrate in a reaction chamber wherein a
gas distribution system includes a support member defining a baffle chamber
20 therein, the support member having a first gas supply opening into a central area
of the baffle chamber and a second gas supply opening into a peripheral area of the
baffle chamber, a baffle arrangement located in the baffle chamber such that gas
from the first gas supply passes through first openings in baffle arrangement and

gas from the second gas supply passes through second openings in the baffle




arrangenment includes a baffle plate and a seal nenber, the seal n?ﬁ

separ atl\g}g 1A@318pace between the baffle plate and the suppg W‘E HES 2003
central ang peripheral regions, the first gas supply opening into the
central region and the 10 second gas supply opening into the peripheral
region. 13. The gas distribution systemof Caim12, wherein the seal
menber is an Oring. 14. The gas distribution systemof Caim1l, further
conprising a first mass flow controller connected to the first gas supply,
a second mass flow controller 15 connect-¢8- to the second gas supply, and a
controll er connected to the first and second nmass flow controllers so as
to adjust gas chemistry and/or flow rates of the process gas supplied by

the first an%f?ﬁg‘%ﬁ&tgﬁg R driSid sﬁﬁ%mﬁ:dnﬁt {HSQuﬁﬁorPﬁﬁﬁﬁJ%F Eﬁkﬁlulgatsﬂig $hiate

in a reaction rein a gas distri‘bution system Ssuppor t

nenber def i nipagsigy thabighethe firsthad s2ébridhpesings niikes 6ghabar dndrpetethivaghng a

first gas supply opening into a central area of the baffle chanber and a
second gas smbpqup@pegn nghe hawveshesds thstreethpd gpmprisingt he  baffle chanber, a
baffl e arrangenen er such that gas fromthe
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arrangenent after which The m xed process gas
10 through the showerhead.

16. The method of Claim 15, wherein the showerhead is a showerhead

electrode which energizes the process gas passing therethrough into a plasma state.

17. The method of Claim 16, further comprising etching a layer on the
15 semiconductor substrate by supplying RF power to the showerhead electrode such
that the process gas forms a plasma in contact with an exposed surface of the

semiconductor substrate.

18. The method of Claim 15, wherein the semiconductor substrate
comprises a silicon wafer and the method includes dry etching a dielectric,

20 semiconductive or conductive layer of material on the wafer.

19. The method of Claim 15, wherein the method includes depositing a

layer of material on the semiconductor substrate.

20. The method of Claim 15, wherein the showerhead comprises a

showerhead electrode and the support member comprises a temperature-controlled
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;passes through the showerhead and into an interior of the reaction éﬂbﬂﬁémmj
, and prQﬁ?%ﬁhﬁ§9the sem conductor substrate wth the process gas passing 10

he shower head. 16. The method of O aim 15, wher EFRUSA¥I&#bwer head
is a showerhead el ectrode which energizes the process gas passing
therethrough into a plasma state. 17. The nethod of Caim 16, further
conprising etching a layer on the 15 sem conductor substrate by supplying
RF power to the showerhead el ectrode such that the process gas forns a
plasma in contact with an exposed surfage of the sem conductor substrate.
18. The nmethod of C aim 15, wherein the sem conductor substrate conprises
a silicon wafer and the nethod includes dry etching a dielectric, 20

' on the wafer. 19. The net hod
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-18 nenber, the jrethod including w thdrawi ng heat fromthe showerhead
el ectrode by padsi hbe asthodf Glainyd§hwhersin ffie anrangement imkludes nenber .

21. The ne ' , erein the baffle arrgngenent includes upper
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baffle plates. 2 met hod of Claim 15, further conprising adjusting
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supply and adjusting flow

22. The method of Claim 15, further comprising adjusting flow rate and/or
gas pressure of the process gas supplied to the first gas supply and adjusting flow
10 rate and/or gas pressure of the process gas supplied to the second gas supply such
that a desired gas pressure distribution is provided across the backside of the

showerhead.

23. The method of Claim 15, wherein the baffle arrangement includes
upper and lower baffle plates, the method further comprising cooling the
15 showerhead by withdrawing heat from the showerhead through contacting surfaces

of the showerhead, the lower baffle plate, the upper baffle plate and/or the support

member.

24. The method of Claim 15, wherein the baffle arrangement includes
upper and lower baffle plates, the gas passing through the first and second
20 openings mixes in radially spaced apart annular gas flow channels located between

the lower baffle plate and the showerhead.

25. The method of Claim 24, wherein the channels are formed in a lower

surface of the lower baffle plate and/or in an upper surface of the showerhead, the
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t he backsi de of the showerhead. 23. The nmethod of C aim 15, wherein the
baffl e arrangenent includes upper and |lower baffle plates, the nethod
further conprising cooling the 15 showerhead by w t hdrawi ng heat fromthe
shower head t hrough contacting surfaces of the showerhead, the | ower baffle
pl ate, the upper baffle plate and/or the support nenber. 24. The method of
d ai m 15, wherein the baffle arrangenent-19ncl udes upper and | ower baffle

pl ates, the gas passing through the first and second 20 openings m xes in
radi ally spaced apart annul ar gas fl ow channel s | ocated between the |ower

baffle plate jgner iditace 30 0Ry 168RE batfle platdBeilk ik 06htadt Wik tHY \Bsher WP48ioR the
channels are formed in a lower surface of the |lower baffl’'e plate and/or in
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PCTI USOO 16147 -19 l.owey surface of the |lower baffle plate being in contact
with the uppé’rf%?%E%“‘{?ertsH&%merhead such that heat is renpved from

t he shower head during processing of the sem conductor substrate. 26. The
met hod of O aim 15, wherein the process gas flowi ng through the 5 first

gas supply has theeésanke gethod v Tigitd V5,a8hdréia the PRRES Sﬂd\ﬁﬁ?&lﬂ@ugmﬂféugh
the second gas supply. 27. The '‘nethod of C aim 15, erein the process gas
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the process gas flow nﬁ@through the second gas supply. 10 28. The net hod
of Caim 15, M’Féaﬁ SPYsubstrate is a seniconductor _wafer which is
etched in at least first and second steps, the process gas passing

27. The method of Claim 15, wherein the process gas flowing through the
first gas supply has a different gas chemistry than the process gas flowing through
the second gas supply.

10 28. The method of Claim 15, wherein the substrate is a semiconductor
wafer which is etched in at least first and second steps, the process gas passing
through the first gas sﬁpply being regulated relative to the process gas passing
through the second gas supply to compensate for edge-fast and center-fast etch

conditions during the first and second steps.

15 29. The process of Claim 15, wherein openings are etched through
exposed portions of a dielectric iayer of the substrate to an electrically conductive

or semiconductive layer of the substrate.

30. The process of Claim 29, wherein the etching step is carried out as

part of a process of manufacturing a damascene structure.

20 31. The process of Claim 29, wherein the semiconductor substrate
includes layers of a photoresist masking layer, a first dielectric layer, a first stop

layer, a second dielectric layer and a second stop layer, the etching step being




through the first gas supply being regulated relative to the procesSUqgﬁzm
passi ngwém,@i the second gas supply to conpensate for edge-fast and
‘center-fast etch conditions during the first and second BEEHS0/IBI419. The
process of C aim 15, wherein openings are etched through exposed portions
of a dielectric layer of the substrate to an electrically conductive or
sem conductive | ayer of the substrate. 30. The process of C aim29, wherein
the etching step is carried out as part of a process of manufacturing a
damascene structure. 20 31. The process_4f Caim 29, wherein the

sem conductor substrate includes |ayers of a photoresist masking |ayer, a
first dielectric layer, a first stop |ayer, a second dielectric |ayer and
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gas composition and/or flow rates during the first stage is different from the

process gas composition and/or flow rates during the second stage.




