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sem conduct or substrates, ang nore particularly, to
systens and nethods for plasma etching sem conduct or
substrates. 2. Description of the Related Art [2] In
general, the manufacturing of the integrated circuit
devices (in the formof sem conductor substrates and
waf ers) includes the use of plasma etching chanbers.
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phot or esi st mask. The plSERFACISchanbers are

configured to receive processing gases (i.e., etch

chem stries) while a radio frequency (RP) power is

applied to one or nore el ectrodes of the plasm etch
chanber. The pressure inside the plasma etch chanber

is also control | eBACRGROWNIpOFTHRINVENTIONESS. Upon
applying the desired RF power to the el ectrode(s), the
1pr ocBisld ¢fgdheEnvientiethe chanber are activated such that a
plasma is created. The plasma is thus configured to
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[3] Low volatility byproducts are produced in some prior art plasma etch processes. By

way of example, in a copper etch process using chlorine containing gases (e.g., CI2 and
HCI), the byproduct is CuClx. CuClx is non-volatile at room temperature. The low-
volatility byproducts typically condense on the chamber walls. During each plasma etch
cycle, the byproducts build-up on the chamber walls. Eventually the byproducts build-up to
a certain thickness. The byproduct build-up then begins to “flake” off of the chamber walls
and is therefore becomes a significant particle source. The particles can contaminate the

substrates being etched in the chamber.

[4] Recognizing that the internal surfaces of the plasma etch chamber are exposed to the

plasma, the chambers are often designed to permit the use of simple lining parts, such as,



over the substrate being processed, these parts are

conti nuously exposed and attacked by the processing
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ultimately erode or accunul ape pol yner buil dup,

requiring replacenment or thorough cleaning. However,

the cl eaning and/or replacenent costs of these |ining

parts can becone very expensive both in actual cost
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processed. T processing tenperature can be greater
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trap to condense the byproduct vapor in the cold trap.
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degrees C coqoler_ than the processing te ature. .[9
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etching a copper filmon the substrate, Heating the

heaterip aprackssingderdpdritiiend process gas is inj ected into the plasma zone to form a

plasma and the substrate is processed. The processing temperature can be greater than about

200 degrees (e.g., between about 200 degrees C and about 400 degrees C or a higher
temperature).

i8] The method further includes drawing a byproduct vapor from the plasma zone
through a cold trap to condense the byproduct vapor in the cold trap. The cold trap has a

temperature of at least about 50 degrees C cooler than the processing temperature.

91 Processing the substrate can include etching the substrate. Processing the substrate
can also include etching a copper film on the substrate. Heating the inner surfaces defining
the plasma zone to the processing temperature can include maintaining a surface of the

substrate at a second temperature sufficient to cause a byproduct vapor to condense on the



the plasma zone to the processing tenperature can

i nclude maintaining a surface of the substrate at a
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vapor to condense on thesurface of the substrate to

deposit a filmon the substrate. The second

tenperature i s about 50 degrees C cooler than the

processi ng tenperature [10] The pre-determ ned
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distance. A hot liner is also included. The hot liner and the second electrode form a portion
of several inner surfaces that define a plasma zone. The predetermined distance is equal to a

range of between about 0.5 cm and about 5 cm.

[14] The small volume plasma chamber can also include a cold trap. The cold trap being
sufficiently cooler than the inner surfaces that define the plasma zone to substantially cause a
plasma byproduct vapor to condense in the cold trap. The cold trap is coupled to the plasma

zone by a passage.



range of between about 0.5 cm and about 5 cm [14] The
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I's achieved by substantially _
eliminating condensation of plasma chemistries on the inner surfaces of the plasma chamber.
Condensation is directed in a cold trap that is at least partially physically isolated from the

plasma zone.

[19] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS




el imnating condensati on of plasma chem stries on the

i nner surfaces of the plasma chanber. Condensation is
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physically isolated fromthesplasma zone. [19] O her

aspects and advant ages ofthe invention wll becone
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[27] Figure 4B shows the substrate having undergone a barrier removal process in

accordance with one embodiment of the presént invention.

[28] Figure 5 is a flowchart of the method operations of performing a local planarization,

in accordance with one embodiment of the present invention.

[29] Figures 6A-6D show a sequence of chemical conversion and etch-back processes
applied to a substrate to increase local uniformity, in accordance with one embodiment of the

present invention.

[30] Figure 7 is a flowchart of the method operations of the chemical conversion and etch-
back processes applied to a substrate to increase local uniformity, in accordance with one

embodiment of the present invention

[31] Figure 8 is a flowchart of the method operation of correcting global non-uniformities

in accordance with one embodiment of the present invention.
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w th one enbodi nent of the pgesent invention. [30]
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can be an electro-static chuck. A focus ring 122 can also be included in the bottom

electrode.

[36] Process gases are delivered from a gas source trough an inlet port 126. The process
gases flow through an optional baffle plate 106 and through a perforated “showerhead-type”
top electrode 104. The baffle plate 106 disperses the gas flow. The baffle plate 106 can be
separated from the top electrode 104 by a low contact dielectric 116 (e.g., quartz, insulator,
etc.) so that the baffle plate 106 is not substantially connected to the tope electrode 104 either
electrically or thermally. A plasma zone 114 is formed by the volume defined by the top
electrode 104, the bottom electrode 102 and the hot liner 124. The gas flow is well dispersed

in the plasma zone 114.
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the bottom el ectrode. The chuck 102 can be an
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included in the bottom el ectyode. [36] Process gases

are delivered froma gas source trough an inlet port
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and the hot liner. The hot liner 124 can be manufactured from a plasma resistant material

(e.g., quartz or alumina or any suitable materials coated with plasma resistant layers).

[40] Inan exemplary use, a copper film can be etched using a chlorine containing gaseous
species. In such a use, the minimum temperature for all surfaces (e.g., hot liner 124, top
electrode 104, and bottom electrode 102) that are around the substrate 108, should be
between about 200 to about 400 degrees C. At that temperature range the etch byproducts

(e.g., CuClx) and other chemistries in the plasma are vaporized at a sufficient vapor pressure
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surface area, then additionay electric heaters can be

enbedded in the top electrode 104. A hot liner 124

between the electrodes is electrically heated to

prevent any deposition on the liner. The hot liner 124
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operated at a range of about 1-500 mTorr.

[44] A cold trap 120 is included adjacent to the hot liner 124. A narrow passage 126
through the hot liner 124 couples the plasma zone 114 with the cold trap 120. As gases and
the etch byproduct vapor is pumped out of the plasma zone 114, the etch byproduct vapor is
drawn through the cold trap 120 and drawn out the outlet ports 116 by one or more pumps
144. Much of the etch byproduct condenses in the cold trap 120. As a result, the etch
byproduct gradually builds up on the surfaces of the cold trap 120. Any particles (e.g., flakes



[42] In contrast, a typical prior art plasma etch

chanber is too large to be effectively heated to 200
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surface of the prior art plagma etch chanber is

sufficiently cool enough that the etch byproducts can

condense and eventually build-up and fl ake off,

thereby becomi ng a particle contamnination source. The
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operation 160, a pressure inside the plasma chamber 100 is adjusted to the desired set point

as described above.

[48] In an operation 165, the plasma chamber 100 is heated to the required processing
temperature. The processing temperature can be any temperature sufficiently high enough to
provide sufficient volatility of the desired species. As described above, in a copper etch
process using a chlorine containing gaseous etchant species, the processing temperature is
about 200 degrees C or even higher (e.g., about 250 to about 400 degrees C). If the intended

process is an etch process, then all inner surfaces exposed to the plasma zone 114 are heated



cool er, for exanple, than the hot |iner 120 and the

substrate 108). By way of exanple the cold trap 120
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100 or the chuck housing 143pso that the cold trap 120

will remain approxi mately the sanme tenperature as the

respective wall of the chanber 100 or the chuck

housing 142. [46] The substrate 108 can be | oaded in
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volatility of the desired species. As described above,
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[52] While the above examples are described in terms of copper etch processes with

chlorine based etchants, the present invention is not limited to copper etches. By way of
example a platinum material could be etched by chlorine and carbon monoxide gases. Other

etchant species can include HBr, HI, BCl; and CF,.

[53] In an alternative embodiment, the chamber 100 shown in Figure 1A can also be used
to perform chemical vapor deposition (CVD). In a CVD operation, the chuck 102 may be

cooled heated so that the vapor species will deposit on the substrate 108 mounted on the



operation is performed. In an etching operation, the

etching chem stry etches away a portion of the surface
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way of exanple, a copper |aygr can be etched by a

chl orine containing species causing CuCl x byproducts

to be vaporized in the plasma. [50] In an operation

180, the byproduct vapors and gases are drawn out of
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[56] Typical etch processes etch the overburden portion 212 of the conductive
interconnect material 220 at a fairly uniform rate over the entire wafer area and therefore the
typical etching process will expose the barrier layer 210 near the large feature 202 before the
barrier layer 210 near the densely packed features 206 will be exposed. In sum, the typical
etching process cannot planarize the overburden portion 212 of the conductive interconnect

material.

[57] Figure 2B shows an additional layer 222 added in accordance with one embodiment

of the present invention. The additional layer 222 is formed on top of the overburden portion



using a chlorine or a brom ne containing etchant. The

pl asma chanber 100 can be used to performa stress
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application. [54] Figure 2A;shows a patterned

sem conduct or substrate 200 in a dual damascene

process in accordance with one enbodi nent of the

present invention. The substrate 200 has been
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area and therefore the typical etching process wl |
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202 before the barrier |layer 210 near the densely |
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can be a substantially planar fill material (e.g.,. .
rezplive halogep radisals can be used, CF4, C12, and HCl are typical examples. Various

process parameters can be adjusted to control etch rates, selectivity, uniformity and reduce
corrosion include variation of process variables such as substrate temperature and inclusion

of one or more additives (e.g., Ar, H2, Cl, 02, CH3X (X =F, Cl, Br, I), CH2F2, and CH4).

[61] Another approach involves a sputter dominant etch with Ar or other inert gas such as
He, Xe, Ne, Kr, as the primary etchant of the copper overburden portion 212 with other
additives to provide etch rate control of the additional layer 222 and passivation of the top

surface of the remaining copper 212. The other additives can include, for example H2 and/or



(SO5), polysilicon, polynmer resist, bilayer, UV or
thermally curable material, or other material that can

WO b@d/0670F or m a pl anar surface and whi ch has tPEI/US2004/040865
appropriate etching charactegistics). An optional,
relatively thin (e.g., about 25-100 nmin thickness)
conformal |ayer 224 may al so be included between the
addi tional |ayer 222 and the overburden portion 212.
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the desired 1:1 selectivity. Althougg@gﬂégplasna f eed
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uniformities 214, 216, 218 (e.g., caused by feature 202, 204, 206 locations, sizes and
concentrations in underlying layers). The entire additional layer 222 and a portion of the
overburden portion 212 can be removed in the first etching process. By comparison, the
second etching process can be a much more selective etching process that removes the bulk

of the remaining, planar overburden 212’ to the endpoint (i.e., when the barrier layer 210 is

exposed).

[65] Figure 4B shows the substrate having undergone a barrier removal process in

accordance with one embodiment of the present invention. A portion of the barrier layer 210



He, Xe, Ne, ICr,as the primary etchant of the copper

overburden portion 212 with other additives to provide
wer@kh/osmde control of the additional |ayer 222pP@mntiS2004/040865

passivation of the top surfage of the renaining copper

212. The other additives can include, for exanple H2

and/ orCF4. Either of these processes is can operate
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[68] Figures 6A-6D show a sequence of chemical conversion ‘and etch-back processes

applied to a substrate 600 to increase local uniformity, in accordance with one embodiment
of the present invention. Figure 7 is a flowchart 700 of the method operations of the
chemical conversion and etch-back processes applied to a substrate 600 to increase local
uniformity, in accordance with one embodiment of the present invention. As shown in
Figure 6A, the substrate 600 has a substantially non-planar overburden portion 602 with non-
planar surface profile 606, similar to the substrate 100 described in Figure 2A above.



over burden portion 212 can be renoved in the first

et ching process. By conparison, the second etching
wEe@see®oTan be a nmuch nore sel ective etching PCDUSNE4/040865

that renoves the bul k of thesremaining, planar

over burden 212" to the endpoint (i.e., when the

barrier layer 210 is exposed). [65] Figure 4B shows

the substrate having undergone a barrier renoval
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[72] Chemical conversion of copper overburden portion 602 utilizing shape dependence of

compound formation can be typically achieved by oxidizing the copper at the Cu-reactive
species interface. Copper oxidization in this instance can include a chemical conversion of
elemental copper to a copper compound with copper in a positive oxidation state. By way of
example, oxidation of the copper to cuprous- or cupric chloride (CuCl or CuCl2) at the

surface can occur in a chlorine plasma at lower temperatures (e.g., < 200 degrees C).



can be designed not to significantly renove any

materi al but only passivate the remaining conductive
woraiosnerbs 220 to prevent corrosi on and provi dePCT/US2004/040865

stability for further procesg ng. [68] Figures 6A-6D

show a sequence of chem cal conversion and etch-back

processes applied to a substrate 600 to increase |oca

uniformty, in accordance with one enbodi ment of the

[@les'ﬁq etj:ﬂjlya%m&o%&s il oBHE Reddctlon o hflé <9) Q%Bﬁxgglgq% 1@ b fifer

tho operatirons of the c en1ca erS| n and
cledntibal bankound capbead belpg) volatile bl @uslﬁb\sng tht ewGe0 of the remaining

|ncr | oc I i for accordance with _one
LB Rt TG R s Rle nhaR PEES AE Sl ey can bea
réahawh%f% CUdI2 towld GE IS AOLO BB sedcSoirsAoaNE hytlrddén species (e.g.,

non- pl anar over burden portion 602 w th nonpl anar
Hawigsmek Apltesndting tsohapesiensndgnt copyersign follopged i ook of the

%,R'é U rdeg)?@cgl an Eéag Y ﬁlﬂlg én‘?mglvcﬁ Tﬂqu%%éxp‘%g‘%ﬁgﬂg%?}[)d}ﬁgﬁ %@, while

I'n operation 705, I ona
sihmytemeoﬁﬂﬂplasarfmrgrth@topmgrmhp (0§, prhBlepoitthd coppenoverhutden §02.
602. The additional |ayer 604 may be deposited or
[74dr niacbperatidn@l Soxfe]ndlmedmrdep pontiiom ROBB Eubs&ptmlayplm‘fanzed then the

PR BB i ALVt B BFeai 415 O OO B Perah S is o

st RnOMBPMARALA, B the %ﬂﬁ)@ %Ferhtﬁonts lRentRve bipeREbn POF 46098 In one
602 i s copper or copper alloy, then a controll ed
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Sequence by Gotkis et al., filed on September 19, 2002, which are incorporated by reference

herein, in their entirety.

[771 The methods and systems described in Figures 2A-7 above describe various
approaches to substantially eliminating local, pattern dependant non-uniformities in an
overburden portion. However, methods and systems described in Figures 2A-7 above do not

directly address correction of global non-uniformities. Global non-uniformities can include



the contours of the overburden portion 602. A

Cu-halide can also naintain a substantially 1:1
wer@wbobmek sel ectivity with the copper over bur BENUS2004/040865

portion 602. Qperations 705;and 710 can be repeated

multiple tines to substantially planarize the

over burden portion 602 to subsequent profiles 606" and

606", as shown in Figure 6D, until the resulting
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[78bn\igire 8 shovs 4 swstertially eeapved planinized enebaderpportione902 in
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plaiiizeéd &ertakdenipertiva @02 canchear blativhénthG0&ertfu¥deh pbriion such as a few
operation 715, .if the overburden portion 602 is

[
mg@ﬁ?ﬁﬁﬁWPEprmﬁﬁﬁﬁﬁrized, then the method operations
end. Alte[nativ?ly, if in operati.o 71%, the . . d
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performs both planarization of the non-planar

(1Y € RYHESHoPEI0! ih8 TR and quantity of the global non-uniformities, as
determined in operation 815 above, are removed in a substantially mechanical stress-free
process by adjusting an etching process to address the specific requirements of the detected
global non-uniformities in a finish etch process. By way of example, if the remaining
overburden portion 902 were approximately 500 angstroms thick in the center and 300
angstroms thick on the edge, then the recipe can be adjusted such that the center to edge non-

uniformity can be compensated for so that the entire barrier layer 210 will be exposed



and renoval of the bulk of the overburden portion 602.
[76] The | ocal planarization of the substrates 200,
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ilcRIMNsEHIogen reactive species (e.g., CF4, C2F6, CAF6) can be used. Etch rate control
additives can include Ar, O2, CH2F2 and others can also be included.

[85] If the global copper recess and/or mask/ILD loss are non-uniform across the substrate
at the end of the finish etch and final etch-back process, then additional variations in the
recipe must be taken to correct for the global non-uniformities. By way of example, typical
instances are a result of etch non-uniformity are described as center fast or edge fast etch
rates. In either of these instances, can result in a variation in copper recess and/or mask/ILD
loss across the substrate. Compensation can be achieved to counter this variation to obtain

globally planar features with minimal copper and mask loss utilizing appropriate uniformity



pl anari zed overburden portion 902 can be a relatively
thin overburden portion such as a few hundred

w@r@snens in thickness. [80] In operation 815PCT/l82004/040865
substrate with the planarized overburden portion is
mapped to identify and quantlfy any gl oba
non-uniformties in the planarized overburden portion.
The pl anari zed overburden portion can be napped with
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in a distributed fashion.

[88] It will be further appreciated that the instructions represented by the operations in any
of the above figures are not required to be performed in the order illustrated, and that all the
processing represented by the operations may not be necessary to practice the invention.
Further, the processes described in any of the above figures can also be implemented in

software stored in any one of or combinations of the RAM, the ROM, or the hard disk drive.



[84] A final etch-back process can al so be included.

The final etch-back process includes etch-back of the
wore®k/oemderi al and/ or the ILD material w th appeDpsioat/el0865

selectivity and uniformty cgntrol such that the fina

out come provides substantially globally uniform and

substantially planar features with m nimal copper and

ILD loss (e.g., any copper recess is gIobaIIy uni form
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é&’%ﬁ J intain a | ow copper etch rate while stil
f |C|ently chemcally etching the mask material. Any

Wahais amirkeglgsl gas i ncl udi ng hal ogen reactive species
(e.g., CF4, C2F6, C4F6) can be used. Etch rate contro
addi tives can include Ar, 02, CH2F2 and ot hers can
al so be included. [85] If the gl obal copper recess
and/ or mask/ILD | oss are non-uni form across the
substrate at the end of the finish etch and fina
et ch- back process, then additional variations in the
reci pe nust be taken to correct for the gl oba
non-uniformties. By way of exanple, typical instances
are a result of etch non-uniformty are described as
center fast or edge fast etch rates. In either of
t hese instances, can result in a variation in copper
recess and/ or mask/|1LD | oss across the substrate.
Conpensati on can be achieved to counter this variation
to obtain globally planar features with m ni mal copper
and mask loss utilizing appropriate uniformtyand
selectivity controls during the final etch-back of the
mask/ ELDmaterial. In the instance of a center-fast
finish etch process resulting in |arger copper recess
in the center of the substrate can be conpensated for
by an edge-fast final etch back process which
sel ectively etches the nask material to bring to the
same | evel as the copper level in the features 202,
204, 206. Typical selectivity obtained in this process
is greater than about 2. Variations of the recipe to
provide for uniformty control include pressure,
tenperature variation across substrate, ion flux
uniformty controls, gas concentrations and chanber
wal | tenperature. Variations to control selectivity
i ncl ude reactive hal ogen speci es concentrati on,
substrate )



tenperature, and bias power. [86] Any of the
operati ons described herein that formpart of the
wOo pwsensiooh are useful machi ne operations. The PCWESL0G0M0865
also relates to a device or gn apparatus for
perform ng these operations. The apparatus may be
specially constructed for the required purposes, or it
may be a general - purpose conputer selectively
activated or configured by gonput er program stored
in the conputer. In particu§g¥ﬁ§various
gener al - pur pose nmachi nes nay be used with conputer
programs witten in accordance with the teachings
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appreci ated that the instructions represented by the
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3 eauyf erﬂethﬁd B Re %gf@ﬂ thdedida ag ?Lrtenll}%ekéﬁﬁg B?ﬁcﬁ%ss & about
that all the processing represented by e operations
SordgeresstC doelen dee $egrocessmggempdritge. t he i nventi on.
Further, the processes described in any of the above
figures can also be inplenented in software stored in
4any PReEmeho®sf S, Fatreiapsocedsidgibe RAMatd MelulNichre thére
hard di sk drive.[89] Although the foregoing invention
sHpsatheen described in sone detail for purposes of
clarity of understanding, it will be apparent that
certain changes and nodifications nay be practiced
5wi t hTle mbtbodefybemdt whereingppyressitedhesubbtrate inpludesretiihingl acopper
fLFe @%ps Q}menbodinents are to be considered as
TPPRSIEYTVE and not restrictive, and the invention is
not to be limted to the details given herein, but nmay

be nodified within the scope and equivalents of the .
6. The method of claim 1, Wherein%ea?tleng tf;]e plur%ﬂty 0? inner surfaces degnmg the

plasma zone to the processing temperature includes maintaining a surface of the substrate at
a second temperature sufficient to cause a byproduct vapor to condense on the surface of the

substrate to deposit a film on the substrate.

7. The method of claim 6, wherein the second temperature is not less than about 50

degrees C cooler than the processing temperature.



appended clains. What is clained is:Cains 1. A nethod

of processing a substrate conprising: |oading a
wGaasvemdE i nto a plasma chanber; setting a prEGEFUSE0©640865

the plasma chanmber to a pre-gleterm ned pressure set

point; heating a plurality of inner surfaces defining

a plasma zone to a processing tenperature greater than

about 200 degrees C, injecting a process gas into the

I f. : . ' e .
L2, 8055 B TP APESDRIR s s

amu3plieris ipf@sudé.aw ng a byproduct vapor fromthe plasm
zone through a cold trap to condense the byproduct
vapor in the cold trap. 3. The nethod of claim 2,

owher ehdimbi6d 614m1" @ﬁe@ﬁ&h@ﬁ)&ﬂeﬂéﬁﬁiﬁé r8ssfe sBQJoirlt @SWithin a
t han about 50 degrees C cool er than the processing
rgngprpegbatiul ®Tog andheouQ0HBEOTHf ¢l ai m 1, wherein
processi ng the substrate includes etching the
substrate. 5. The nmethod of claim1l, wherein

1pr ocEssmetyod biclamids whatim thewhwtethamberhs mgmall vawpeplasma
firmon the substrate 6. The nethod of claiml,

BRI n heating the plurality of inner surfaces
defining the plasma zone to the processing

. tenperat urei ncludes paintaining a surface_of_ the

&y brsTEFea‘in%thﬁ‘i ofeplaimdSnyhereipihs saall valugsiasar chpmbes mokides

a bypEAduElrMaRRY fikCel CABAERRRINGA chitk ﬁygui)ﬁ&rﬁné){%le tsﬁl_l%gate; and

substrate to deposit a filmon the substrate.

met hasccofd eectiors, Ghe satrad slentrededbemgalopased sbplontiadlyparallel to the
sk B3 PR R yE ARG ATy e
elobxedRiand kdeendslectded oty depsatatpd 8% 5 predeter@iingialiftinces | ess

t han at nospheric pressure. 9. The nethod of claiml,
wherein the pre-determ ned pressure set point is

1Mt hirfe AethaN8E 18 130Q1dreid tHBTREdetcRNfhe@BRMhceAO Oqua R range of

between about 0.5 ¢cm and about 5 cm.

13.  The method of claim 10, wherein the small volume plasma chamber includes a hot

liner, wherein the hot liner forms a portion of the plurality of inner surfaces.

14.  The method of claim 1, wherein processing the substrate includes a stress free

planarization.

15.  The method of claim 14, wherein the substrate is patterned, having a conductive
interconnect material filling a plurality of features in the pattern, the conductive interconnect
material having an overburden portion having at least one non-uniformity and wherein the
stress free planarization includes:

planarizing the overburden portion including:

depositing an additional layer on the overburden portion; and



10. The nmethod of claim 1, wherein the plasma chanber

is a small volune plasma chanber. 11. The net hod of
W@L@bs7003 wherein the small vol ume pl asma chaP@BDS2004/040865

includes: a first electrode,,the first electrode

formng a chuck for supporting the substrate; and a

second el ectrode, the second el ectrode bei ng deposed

substantially parallel to the first electrode, the

second el ectr.ade, hei 0 f | i of .

surfaces}S¥ﬁ8mPgpgﬁdgﬁ%gﬁggggmgﬁ%(gé%g%%ﬁé%gg’f%%%ﬁ&mnd
1dyel feghgSsapddnibiptentiyel preploselbinahaplaezip pfeeese. 12. The

nmet hod of claim 11, wherein the predeterm ned di stance

is equal to a range of between about 0.5 cm and about

18, CMh sthidll vl PRERL EnlbeftdhpgRsg; Wherein the snal |

vol ume pl asma Chanber includes a hot |iner, wherein

t he &bt ¢leatuode, ftla fivst edecprods foningf chyrk fpy syppgriing the substrate;

i nney [ e ' '

pr oce S A RR0s tbseclf SPERARD R R Nubuaiifl hiic o
fipst albetrdde athé finst elddhrodd el seednd etbcoddediemgregadatedibyer piedetdringned

substrate is patterned, having a conductive

distaness e¥hnect material filling a plurality of features

i Nt PRotREL Rh&eintiendt AREHAGH iNéQedont Sle6iIHR E6rin ABdrBHN 6f a plurality

havi ng an overburden portion having at | east one
ofionersRitaces toi definamplagperaien t he stress free

pl anarization includes: planarizing the overburden

portion including: depositing an additional |ayer on

17.he Themblindbmegdastiachambandptlainal b, mihagin the padetérniindalistance

T St DR SHALTD BP0, By, 200 ol Taver

pl anari zi ng process. 16. A small vol une plasma chanber

conprising: a first electrode,. the first el ectrode

13.or nksgsmelloniyene Rlesmaschypbsr of fgint He futhsseqmprisingg colddmpgthe
hHEntRReOBLnmE BE bluedfy HehQ sHeReSEE define the pl

°§B§§%2ﬂ?§§1|y Sgﬁﬁllel to %he §¥rst efectyode,efﬁ% ° prasna

zérierts substagtallycdese apthsse buprddust eapor oorendrabay theeqedd Biape the cold

n?%ggﬁgéggﬁh({&%n%g?%%%k%n%§%$%§g a hot liner, wherein

e se éctrode forma portion

of a plurality
19. A semiconductor device formed by a method comprising:
loading a patterned substrate into a plasma chamber, the substrate having a
conductive interconnect material filling a plurality of features in the pattern, the conductive
interconnect material having an overburden portion having at least one non-uniformity;
setting a pressure of the plasma chamber to a pre-determined pressure set point;
heating a plurality of inner surfaces defining a plasma zone to a processing
temperature of greater than about 200 degrees C;
injecting a process gas into the plasma zone to form a plasma;
processing the substrate including:
forming an additional layer on the overburden portion; and
planarizing the additional layer and the overburden portion, the additional

layer being substantially entirely removed in the planarizing process; and



of inner surfaces to define a plasma zone. 17. The
smal | vol unme pl asma chanber of claim 16, wherein the
wEe@desm®nin ned di stance is equal to a range of POBEUSING$H040865
about 0.5 cm and about 5 cmo418. The small vol une
pl asma chanber of claim 16, further conprising a cold
trap, the cold trap being sufficiently cooler than the
plurality of inner surfaces that define the plasm
zone . ] r.o i r
o cOmRisRdt5pRlh: ol FEARE it ARG BB a3 8 lense e
bywoqicedhpbointtlecgdd @gma zone by a passage. 19. A
sem conduct or device formed by a method conpri sing:
| oading a patterned substrate into a plasma chanber
20.he srBEhEE 6 ctdvi199wiRer€if ARUShANtEvd MicBlofMIDBGterial includes
material filling a plurality of features in the
COPRft ern, the conductive interconnect material having
an overburden portion having at | east one
non-uni formty; setting a pressure of the plasnma
chanber to a pre-determ ned pressure set point;
heating a plurality of inner surfaces defining a
pl asma zone to a processing tenperature of greater
t han about 200 degrees C;, injecting a process gas into
the plasnma zone to forma plasm; processing the
substrate including: form ng an additional |ayer on
t he overburden portion; and planarizing the additiona
| ayer and the overburden portion, the additional |ayer
bei ng substantially entirely renoved in the
pl anari zi ng process; anddrawi ng a byproduct vapor from
the plasma zone through a cold trap to condense the
byproduct vapor in the cold trap. 20. The nethod of
claim19, wherein the conductive interconnect nmateria
i ncl udes copper.




