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(57) ABSTRACT 

A plasma ashing apparatus for removing organic matter 
from a substrate including a 10W k dielectric, comprising a 
?rst gas source; a plasma generating component in ?uid 
communication With the ?rst gas source; a process chamber 
in ?uid communication With the plasma generating compo 
nent; an exhaust conduit in ?uid communication With the 
process chamber; Wherein the exhaust conduit comprises an 
inlet for a second gas source and an afterburner assembly 
coupled to the exhaust conduit, Wherein the inlet is disposed 
intermediate to the process chamber and an afterburner 
assembly, and Wherein the afterburner assembly comprises 
means for generating a plasma Within the exhaust conduit 
With or Without introduction of a gas from the second gas 
source; and an optical emission spectroscopy device coupled 
to the exhaust conduit comprising collection optics focused 
Within a plasma discharge region of the afterburner assem 
bly. An endpoint detection process for an oxygen free and 
nitrogen free plasma process comprises monitoring an opti 
cal emission signal of an afterburner excited species in an 
exhaust conduit of the plasma asher apparatus. The process 
and apparatus can be used With carbon and/or hydrogen 
containing loW k dielectric materials. 
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PLASMA ASHING APPARATUS AND ENDPOINT 
DETECTION PROCESS 

BACKGROUND 

[0001] The present disclosure relates to semiconductor 
apparatuses and processes, and more particularly, to plasma 
mediated processes and plasma apparatuses suitable for 
ashing organic material from a substrate including a loW k 
dielectric material. 

[0002] Recently, much attention has been focused on 
developing loW k dielectric thin ?lms for use in the next 
generation of microelectronics. As integrated devices 
become smaller, the RC-delay time of signal propagation 
along interconnects becomes one of the dominant factors 
limiting overall chip speed. With the advent of copper 
technology, R has been pushed to its practical loWest limit 
for current state of the art so attention must be focused on 
reducing C. One Way of accomplishing this task is to reduce 
the average dielectric constant (k) of the thin insulating ?lms 
surrounding interconnects. The dielectric constant (k) of 
traditional silicon dioxide insulative materials is about 3.9. 
LoWering the dielectric constant (k) beloW 3.9 Will provide 
a reduced capacitance. 

[0003] LoW k dielectric materials used in advanced inte 
grated circuits typically comprise organic polymers or 
oxides and have dielectric constants less than about 3.5. The 
loW k dielectric materials can be spun onto the substrate as 
a solution or deposited by a chemical vapor deposition 
process. Important loW k ?lm properties include thickness 
and uniformity, dielectric constant, refractive index, adhe 
sion, chemical resistance, thermal stability, pore siZe and 
distribution, coef?cient of thermal expansion, glass transi 
tion temperature, ?lm stress, and copper diffusion coef? 
cient. 

[0004] In fabricating integrated circuits on Wafers, the 
Wafers are generally subjected to many process steps before 
?nished integrated circuits can be produced. LoW k dielec 
tric materials, especially carbon containing loW k dielectric 
materials, can be sensitive to some of these process steps. 
For example, plasma used during an “ashing” step can strip 
both photoresist materials as Well as remove a portion of the 
loW-k dielectric ?lm. Ashing refers to a plasma mediated 
stripping process by Which photoresist and post etch resi 
dues are stripped or removed from a substrate upon exposure 
to the plasma. The ashing process generally occurs after an 
etching or implant process has been performed in Which a 
photoresist material is used as a mask for etching a pattern 
into the underlying substrate or for selectively implanting 
ions into the exposed areas of the substrate. The remaining 
photoresist and any post etch or post implant residues on the 
Wafer after the etch process or implant process is complete 
must be removed prior to further processing for numerous 
reasons generally knoWn to those skilled in the art. The 
ashing step is typically folloWed by a Wet chemical treat 
ment to remove traces of the residue, Which can cause 

further degradation of the loW k dielectric, loss of material, 
and may also cause increase in the dielectric constant. 

[0005] It is important to note that ashing processes sig 
ni?cantly differ from etching processes. Although both pro 
cesses may be plasma mediated, an etching process is 
markedly different in that the plasma chemistry is chosen to 
permanently transfer an image into the substrate by remov 
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ing portions of the substrate surface through openings in a 
photoresist mask. The plasma generally includes high-en 
ergy ion bombardment at loW temperatures and loW pres 
sures (on the order of milli-Torrs) to remove portions of the 
substrate. Moreover, the portions of the substrate exposed to 
the ions are generally removed at a rate equal to or greater 
than the removal rate of the photoresist mask. In contrast, 
ashing processes generally refer to selectively removing the 
photoresist mask and any polymers or residues formed 
during etching. The ashing plasma chemistry is much less 
aggressive than etching chemistries and is generally chosen 
to remove the photoresist mask layer at a rate much greater 
than the removal rate of the underlying substrate. Moreover, 
most ashing processes heat the substrate to temperatures 
greater than 200° C. to increase the plasma reactivity, and 
are performed at pressures of about 1.0 Torr. Thus, etching 
and ashing processes are directed to removal of signi?cantly 
different materials and as such, require completely different 
plasma chemistries and processes. Successful ashing pro 
cesses are not used to permanently transfer an image into the 
substrate. Rather, successful ashing processes are de?ned by 
the photoresist, polymer and residue removal rates Without 
affecting or removing underlying layers, e.g., loW k dielec 
tric layers. 
[0006] Studies have suggested that a signi?cant contribu 
tion to loW k dielectric degradation during photoresist 
removal processes results from the use of, oxygen and/or 
nitrogen and/or ?uorine containing gas sources typically 
used for ashing. Although gas mixtures containing one or 
more of these sources efficiently ash photoresist from the 
substrate, the use of these gas sources has proven detrimen 
tal to substrates containing loW k dielectrics. For example, 
oxygen-containing plasma discharges are knoWn to raise the 
dielectric constant of loW k dielectric underlayers during 
plasma processing. The increases in dielectric constant 
affects, among others, interconnect capacitance, Which 
directly impacts device performance. Moreover, the use of 
oxygen-containing plasma discharges is generally less pre 
ferred for advanced device fabrication employing copper 
metal layers since copper metal is readily oxidiZed at the 
elevated temperatures typically employed for photoresist 
ashing. Occasionally, the damage is not detected during 
metrology inspection of the substrate after plasma process 
ing. HoWever, the damage can be readily demonstrated by a 
subsequent Wet cleaning process, as may be typically 
employed after plasma ashing, Wherein portions of the 
carbon and/or hydrogen-containing loW k dielectric material 
are removed. The removed portions of the dielectric material 
are a source of variation in the critical dimension (CD) of the 
feature that is frequently unacceptable and impacts overall 
device yield. Moreover, even if a Wet clean process is not 
included, the electrical and mechanical properties of the 
dielectric material may be changed by exposure to the 
oxygen-free plasma discharges thereby affecting operating 
performance. It is believed that carbon is depleted from the 
dielectric material during the plasma exposure. 

[0007] Ideally, the ashing plasma should not affect the 
underlying loW k dielectric layers and preferably removes 
only the photoresist material. The use of SiO2 as the dielec 
tric material provided high selectivity With these gas 
sources. In order to minimiZe damage to the loW k dielectric, 
oxygen and nitrogen free plasma processes have been devel 
oped. One such process includes generating plasma from a 
gas mixture comprising helium and hydrogen. HoWever, the 
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mechanism of removal is different for these less aggressive 
plasma discharges. The oxygen and nitrogen free plasma 
such as the plasma formed from helium and hydrogen does 
not ash the photoresist in the traditional sense. Rather, it is 
believed that the plasma causes portions of the photoresist to 
sublime from the substrate. As a result of the mechanism of 
removal, While effective for removing photoresist material 
from the substrate, the plasma exposure tends to deposit 
large bodies of the sublimed photoresist and byproducts 
Within the processing chamber and in areas doWnstream 
from the plasma process chamber such as in the throttle 
valve and exhaust lines. The buildup of these ashing mate 
rials can lead to short mean-time-betWeen-clean (MTBC) 
times and frequent rebuild/replacement of vacuum hardWare 
resulting in loss of throughput and increased costs of oWn 
ership. Additionally, deposits of photoresist material Within 
the process chamber that are located above the plane of the 
substrate can lead to particulate contamination on the sub 
strate, thereby further affecting device yields. 

[0008] An additional problem With oxygen free and nitro 
gen free plasma discharges is the non-uniformity of the 
plasma exposure. Since these plasma discharges are less 
aggressive, non-uniformity is a signi?cant issue. Some 
doWnstream plasma ashers have a narroW diameter ori?ce 
plasma tube in Which the plasma is generated. The diameter 
of the substrate is generally much larger than the diameter of 
the plasma tube ori?ce. As such, baffle plates are typically 
positioned near the plasma tube outlet to de?ect the plasma 
as it enters the process chamber such that the plasma species 
in the plasma are uniformly dispersed across the substrate. 
HoWever, it has been found that the less aggressive plasma 
discharges have feWer reactive species and the dispersal 
from the center point of the baffle plate to its outer edge can 
result in hot spots on the Wafer, i.e., areas of non-uniformity. 
For example, it has been speculated that hydrogen radicals 
generated Within a plasma recombine as the hydrogen spe 
cies travel from the center most impingement point on the 
baffle plate in the axial ?oW reactor to the outer edges of the 
baffle plate, thereby leading to loWer ashing rates at the edge 
of the Wafer. In chamber designs Where the diameter of the 
Wafer is comparable to that of the plasma tube, non-unifor 
mity of radicals can be mitigated in other Ways. 

[0009] Another problem With oxygen free and nitrogen 
free plasmas concerns endpoint detection. Traditional end 
point detection methods and apparatus are not suitable for 
muse With these types of plasma discharges. For example, as 
in the case of plasma formed from a hydrogen and helium 
gas mixture, no optically excited species are created at the 
Wafer plane that generate a signal suitable for endpoint 
detection. 

[0010] Accordingly, there remains a need for improved 
processes and apparatuses for generating oxygen and nitro 
gen free plasma discharges for use With loW k dielectrics. 

BRIEF SUMMARY 

[0011] Disclosed herein is a plasma ashing apparatus for 
removing photoresist and/or post etch residues from a sub 
strate, comprising a ?rst gas source; a plasma generating 
component in ?uid communication With the ?rst gas source, 
Wherein the plasma generating component generates a ?rst 
plasma for selectively removing the photoresist and/or post 
etch residues from the substrate; a process chamber in ?uid 
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communication With the plasma generating component for 
receiving the plasma, Wherein the process chamber contains 
the substrate; an exhaust conduit in ?uid communication 
With the process chamber; Wherein the exhaust conduit 
comprises a port for introducing a second gas source and an 
afterburner assembly coupled to the exhaust conduit, 
Wherein the port is disposed intermediate to the process 
chamber and the afterburner assembly; and an optical detec 
tion system coupled to the exhaust conduit comprising 
collection optics focused Within a plasma discharge region 
of the afterburner assembly. 

[0012] In another embodiment, a doWnstream plasma ash 
ing and/or residue removal apparatus comprises means for 
generating a plasma in an exhaust conduit in ?uid commu 
nication With a process chamber; means for monitoring an 
emission signal for species generated Within the plasma; and 
means for determining an endpoint of a plasma ashing 
and/or residue removal process on a substrate in the process 
chamber from the emission signal produced in the exhaust 
conduit. 

[0013] A method for detecting an endpoint for an oxygen 
free and nitrogen free plasma ashing process, comprising 
exposing a substrate comprising photoresist material and/or 
post etch residues thereon to the oxygen free and nitrogen 
free plasma in a process chamber; removing the photoresist 
material and/or post etch residues from the substrate; 
exhausting the removed photoresist material and/or post etch 
residues from the process chamber into an exhaust conduit 
?uidly coupled to the process chamber; selectively intro 
ducing an oxidiZing gas into the exhaust conduit; generating 
an oxygen containing plasma from the oxidiZing gas and the 
exhausted photoresist material and/or post etch residues to 
form emissive species; and optically monitoring an emission 
signal produced by the emissive species to determine the 
endpoint of the oxygen free and nitrogen free plasma ashing. 

[0014] In another embodiment, an endpoint detection pro 
cess for an oxygen free and nitrogen free plasma ashing 
process for removing photoresist and/or residues from a 
substrate, comprising introducing an oxidiZing gas and a 
plasma ashing discharge into an exhaust conduit of a plasma 
asher apparatus, Wherein the plasma ashing discharge com 
prises photoresist material, post etch residues, and post 
ashing products, and Wherein the plasma ashing discharge is 
free from atomic nitrogen and atomic oxygen species; 
generating a plasma from the oxidiZing gas and the plasma 
ashing discharge to form emissive species; and optically 
monitoring an emission signal intensity correlating to the 
emissive species, Wherein an endpoint of the oxygen free 
and nitrogen free plasma ashing process is detected When the 
emission signal intensity correlating to the emissive species 
is no longer present. 

[0015] In another embodiment, a method for determining 
an endpoint of an oxygen fee and nitrogen free plasma 
ashing process used for stripping photoresist material from 
a substrate having a carbon containing loW k dielectric 
material, comprising exposing the substrate to the oxygen 
free and nitrogen free plasma ashing process in a process 
chamber to remove the photoresist material from the sub 
strate and form volatile byproducts; exhausting the photo 
resist material and volatile byproducts from the process 
chamber into an exhaust conduit; selectively introducing an 
oxidiZing gas into the exhaust conduit, Wherein the oxidiZ 
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ing gas does not How into the process chamber; generating 
a plasma in the exhaust conduit from oxidizing gas, the 
exhausted photoresist material, and the volatile byproducts; 
measuring an emission signal intensity in the exhaust con 
duit correlating to a Wavelength of about 283 nm, 309 nm, 
about 387 nm, about 431 nm, about 434 nm, about 468 nm, 
about 472 nm, about 513 nm, about 516 nm, about 656 nm, 
about 777 nm, about 845 nm or a combination of at least one 
of the foregoing Wavelengths; and determining the endpoint 
of the oxygen free and nitrogen free plasma ashing process 
in response to an observed change in the emission signal 
Within the exhaust conduit. 

[0016] In yet another embodiment, a method for deter 
mining an endpoint of an oxygen fee and nitrogen free 
plasma ashing process used for stripping photoresist mate 
rial from a substrate having a carbon containing loW k 
dielectric material, comprising generating a ?rst plasma in a 
process chamber in the absence of oxygen and nitrogen from 
a gas mixture comprising hydrogen or helium or a combi 
nation comprising at least one of the foregoing gases; 
exposing the substrate provided in the process chamber to 
the ?rst plasma to selectively remove photoresist material 
and/or residues from the substrate; exhausting the removed 
photoresist material and/or residues from the process cham 
ber into an exhaust conduit; 

[0017] generating a second plasma in the exhaust 
conduit to generate emissive species; and optically 
monitoring the emissive species, Wherein an end 
point of the ?rst plasma is detected When an intensity 
of the emissive species changes. 

[0018] The above described and other features are exem 
pli?ed by the folloWing ?gures and detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Referring to the exemplary draWings Wherein like 
elements are numbered alike in the several Figures: 

[0020] FIG. 1 is a cross sectional vieW of a doWnstream 
plasma ashing apparatus; and 

[0021] FIG. 2 shoWs a perspective vieW of a microWave 
enclosure for use in a plasma asher apparatus; 

[0022] FIG. 3 shoWs a cross sectional vieW Which sche 
matically shoWs a plasma generating component suitable for 
use With the doWnstream plasma ashing apparatus; 

[0023] FIG. 4 shoWs perspective vieW of the plasma 
ashing apparatus; 

[0024] FIG. 5 is a partial cutaWay perspective vieW of a 
photoresist asher process chamber into Which is installed a 
gas distribution system; 

[0025] FIG. 6 is a plan vieW of the gas distribution system 
in accordance With one embodiment; 

[0026] FIG. 7 is a sectional vieW of the baffle plate 
assembly of FIG. 6, taken along lines 6-6; 

[0027] FIG. 8 is a plan vieW of the gas distribution system 
in accordance With another embodiment; and 

[0028] FIG. 9 is a graph illustrating a time evolution of a 
light intensity emitted for OH species generated from sub 
limated organic matter removed from a Wafer due to heating 
the Wafer to a temperature of 300° C. in an oxygen free and 
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nitrogen free environment and oxidiZed in an exhaust con 
duit of a plasma ashing apparatus; 

[0029] FIG. 10 is a graph illustrating a time evolution of 
carbon dioxide partial pressure as measured With a residual 
gas analyZer in an oxygen free and nitrogen free plasma and 
oxidiZed in an exhaust conduit of a plasma ashing apparatus; 

[0030] FIG. 11 is a graph illustrating residual gas analysis 
of partial pressures for helium, nitrogen, and oxygen mea 
sured upstream from the afterburner and inlet for introduc 
ing oxygen gas into an exhaust conduit of a plasma asher 
apparatus (i.e., doWnstream from the Wafer process cham 
ber), Wherein the How rate of helium is varied; 

[0031] FIG. 12 is a time evolution of optical signals 
shoWing various photoresist constituents (O and CN) and 
product (OH) produced upon stepWise heating of a photo 
resist-coated Wafer; 

[0032] FIG. 13 is a time evolution of a DUV photoresist 
removal process using a hydrogen/helium ashing process 
Without employing an oxidiZing gas in the endpoint moni 
toring process; 

[0033] FIG. 14 is a time evolution of a DUV photoresist 
removal process using a hydrogen/helium ashing process 
and employing an oxidiZing gas in the endpoint monitoring 
process; and 

[0034] FIG. 15 is a time evolution of an I-line photoresist 
removal process using a hydrogen/helium ashing process 
and employing an oxidiZing gas in the endpoint monitoring 
process. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] FIG. 1 generally illustrates an axial ?oW doWn 
stream plasma apparatus 10 suitable for use in removing 
photoresist, sideWall deposits, and post etch residues from 
substrates including loW k dielectric materials. The plasma 
apparatus 10 generally comprises a gas delivery component 
12, a plasma-generating component 14, a processing cham 
ber 16, and an exhaust assembly component 18. The various 
components, in combination, provide improvements in pro 
cessing substrates With oxygen free and nitrogen free plasma 
discharges, Wherein the substrates include carbon containing 
loW k dielectric materials. 

[0036] DoWnstream axial ?oW plasma apparatuses par 
ticularly suitable for modi?cation in the present disclosure 
are plasma ashers, such as for example, those microWave 
plasma ashers available under the trade name Fusion ES3LK 
and commercially available from Axcelis Technologies Cor 
poration. Portions of the microWave plasma asher are 
described in US. Pat. Nos. 5,498,308 and 4,341,592, and 
PCT International Application No. WO/97/37055, herein 
incorporated by reference in their entireties. As Will be 
discussed beloW, the disclosure is not limited to any par 
ticular plasma asher in this or in the folloWing embodiments. 
For instance, an inductively or capacitively coupled plasma 
reactor can be used. 

[0037] Carbon-containing loW k dielectrics are hereinafter 
de?ned as those carbon containing insulating materials 
suitable for use in the manufacture of integrated circuits or 
the like having a dielectric constant less than about 3.5, With 
a dielectric constant less than about 3.0 more preferred. The 



US 2004/0235299 A1 

carbon-containing loW k dielectric materials may include 
pendant groups that contain carbon or may be carbon 
containing Wherein the backbone of the dielectric material is 
primarily comprised of an interconnecting netWork of car 
bon. Carbon-containing loW k dielectrics can generally be 
categorized as one of tWo types: organic and doped oxides. 
Examples of organic loW k dielectric materials include 
polyimides, benZocyclobutene, parylenes, diamond-like car 
bon, poly(arylene ethers), cyclotenes, ?uorocarbons and the 
like, such as those dielectrics commercially available under 
the trademarks SiLK, or BCB. Examples of doped oxide loW 
k dielectric materials include methyl silsesquioxane, hydro 
gen silsesquioxanes, nanoporous oxides, carbon doped sili 
con dioxides, and the like, such as, for example, those 
dielectrics commercially available under the trademarks 
CORAL, BLACK DIAMOND and AURORA. Both types 
of carbon-containing loW-k materials exist in dense and 
porous versions. Porous versions thereof are commercially 
knoWn under trademarks such as LKD, ORION, BOSS, or 
porous SiLK. Other carbon-containing loW k dielectric 
materials Will be apparent to one of ordinary skill in the art 
in vieW of this disclosure. 

[0038] LikeWise, hydrogen containing loW k dielectrics 
are hereinafter de?ned as those hydrogen containing insu 
lating materials suitable for use in the manufacture of 
integrated circuits or the like having a dielectric constant 
less than about 3.5. Many of the carbon containing loW k 
dielectrics described above include one or more hydrogen 
atoms attached to the carbon atoms Within its chemical 
structure. HoWever, suitable hydrogen containing loW k 
dielectric materials in the present disclosure are not intended 
to be limited to carbon containing structures. 

[0039] As shoWn in FIG. 1, the gas delivery component 
12 preferably comprises a gas puri?er 20 in ?uid commu 
nication With a gas source 22 (for generating the oxygen free 
and nitrogen free plasma) and a gas inlet 24 of the plasma 
generating component 14. An additional gas source (not 
shoWn) may be in ?uid communication With the gas inlet 24 
for providing in situ cleaning capabilities. In situ cleaning is 
a process for cleaning the process chamber 16 using the 
plasma source as opposed to manually cleaning the chamber 
components by disassembling a portion of the process 
chamber for access thereto. In a preferred embodiment, the 
puri?er 20 is adapted to reduce the level of impurities to less 
than about 10 parts per million (ppm), With impurity levels 
less than about 5 ppm more preferred, With impurity levels 
less than about 1 ppm more preferred, and With less than 
about 100 parts per billion (ppb) most preferred. Suitable 
puri?ers achieving these impurity levels include those based 
on a metal gettering technology such as those gas puri?ers 
commercially available under the trade name MONO 
TORRA® high ?oW puri?ers from SAES Pure Gas, Inc. The 
use of the gas puri?er 20 in ?uid communication With the 
gas source 22 employed for forming the plasma reduces the 
level of contaminants to amounts effective for robust pro 
cessing of loW k dielectric substrates, and in particular, 
carbon-containing loW k dielectrics. Suitable gases for gen 
erating the oxygen free and nitrogen free plasma include, but 
are not intended to be limited to, hydrogen, helium, argon, 
neon, other inert gases, hydrocarbons, and combinations 
comprising one or more of the foregoing gases. For 
example, a helium gas source having a reported purity of 
99.999% can be undesirable for plasma mediated processing 
of carbon-containing loW k dielectrics. Impurities such as 
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H2O, O2, CO, CO2, and N2, can be at levels suf?cient to 
cause erosion of the loW k dielectric during further process 
ing of the substrate and/or deleteriously cause an increase in 
the dielectric constant. Preferably, the incoming gas for 
forming the plasma is puri?ed to contain less than 100 ppb 
of H20, O2, CO, CO2, and N2. The puri?er 20 is preferably 
selected to be efficient and provide these preferred impurity 
levels at relatively high ?oW rates, e.g., ?oW rates of about 
100 to about 12,000 standard cubic centimeters per minute 
(sccm) or more can be expected for a 3.00 mm doWnstream 
plasma asher. 

[0040] FIGS. 2 and 3 illustrate an exemplary microWave 
plasma-generating component 14 With Which the present 
disclosure may be practiced. FIG. 4 illustrates a perspective 
vieW of the plasma ashing apparatus 10 including the 
microWave plasma-generating component and a perspective 
vieW of the process chamber 16. It is to be understood that 
the plasma-generating component 14 has been simpli?ed to 
illustrate only those components that are relevant to an 
understanding of the present disclosure. Those of ordinary 
skill in the art Will recogniZe that other components may be 
required to produce an operational plasma ashing apparatus 
10. HoWever, because such components are Well knoWn in 
the art, and because they do not further aid in the under 
standing of the present disclosure, a discussion of such 
components is not provided. 

[0041] The microWave plasma-generating component 14 
includes a microWave enclosure 24. The microWave enclo 
sure 24 is a rectangular box that is partitioned using length 
Wise sections 26, 28, and 30 having plasma tube 32 passing 
therethrough. Each partition has an opening through Which 
the plasma tube passes. Each section is fed With microWave 
energy during operation. Thus, each section appears to be a 
relatively short cavity to the incoming microWave energy, 
promoting the formation of modes having aZithumal and 
axial uniformity. Outer tube 34 surrounds the plasma tube 
inside the cavity. The outer tube is slightly separated from 
the plasma tube and air, under positive pressure, is fed 
betWeen the tWo tubes to provide effective cooling of the 
plasma tube. Tube 32 is preferably made of sapphire. Other 
plasma tube materials such as quartZ or alumina-coated 
quartZ or other ceramic materials can be used. Preferably, the 
microWave enclosure 24 is dimensioned to support the 
rectangular TM 110 mode and the enclosure 24 may have a 
square cross section. The dimensions of the cross sections 
are such that the TM 110 mode is resonant. The length of 
each section is less than l>>g/2 Where l>>g is the guide 
length Within the cavity of the TE 104 mode. 

[0042] The openings in the partitions 26, 28, and 30 
through Which the concentric tubes are fed are made larger 
than the exterior dimension of the plasma tube. Also shoWn 
is an iris plate 36, Which covers the open side of the 
microWave structure and is effective to feed microWave 
energy into adjacent sections. Plate 36 is a ?at metallic plate 
having irises 38, 40, 42, 44, through Which the microWave 
energy is fed. There is microWave transmission through 
these irises, Which causes plasma to be excited in the part of 
the tube that is surrounded by the partition. Such transmis 
sion helps reduce thermal gradients in the plasma tube 
betWeen regions surrounded by partitions and regions that 
are not. If an outer tube is not used (cooling provided in 
some other manner) the openings in the partition are siZed so 
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that there is a space between the plasma tube and the 
partition to provide such microwave transmission. 

[0043] Microwave traps 46 and 48 are provided at the ends 
to prevent microwave transmission. Such traps may be of the 
type disclosed in US. Pat. No. 5,498,308. Air seals/direc 
tional feeders 50 and 52 are provided for admitting cooling 
air and feeding it to the space between the concentric tubes. 
Air seals/directional feeder 54 are shown at the outlet end 
and a fourth such unit is present but is not seen. 

[0044] Magnetron 56 provides microwave power that is 
fed through coupler 58 to a waveguide supplying TE 10 
mode, having mutually perpendicular sections 60 and 62. 
The length of waveguide section 62 is adjustable with 
moveable plunger 64. The bottom plate of waveguide sec 
tion 62 is iris plate 36, which couples microwave energy into 
partitioned microwave structure 24, through which the 
plasma tube 32 extends; thus plasma is excited in the gas 
mixture ?owing through the plasma tube. 

[0045] Referring again to FIG. 3, it is seen that end cap 70 
abuts microwave trap 48, and ?tting 74 having a central 
ori?ce for admitting gas to the plasma tube extends into the 
end cap. The gas supply 22 is regulated by an external ?ow 
box (not shown). The gas puri?er 20 is disposed in ?uid 
communication with the gas supply 22 and the gas inlet 23 
(see FIG. 1). The plasma tube 32 is supported at this end by 
“0” ring 72 in the end cap. The outer tube 34 is supported at 
its ends by abutment against microwave traps 46 and 48. 
Spacer 76 is present to provide the proper spacing in relation 
to the process chamber. The other end of the plasma tube is 
located in end member 78, and has an opening 80 for 
emitting plasma/gas into the process chamber 16. Option 
ally, the conduit forming the opening 80 is ?tted with a 
narrow aperture ?tting to create a pressure differential 
between the plasma tube 32 and the processing chamber 16, 
wherein the pressure is greater in the plasma tube 32. During 
operation, the pressure within the plasma tube 32 preferably 
ranges from about 1 torr to about atmospheric pressure. In 
contrast, the pressure within the process chamber during 
operation ranges from about 100 millitorr to about atmo 
spheric pressure. 

[0046] The opening 80 of the plasma tube 32 is in ?uid 
communication with an interior region of the process cham 
ber 16. Since the plasma is discharged from a relatively 
narrow ori?ce (compared to the dimensions of the substrate 
to be processed) into the interior of the process chamber, a 
gas distribution system 100 to promote uniform plasma 
exposure onto the substrate is disposed within the process 
chamber 16. The gas distribution system 100 is disposed 
intermediate to the substrate and opening 80 of the plasma 
tube 32. 

[0047] In a preferred embodiment, the gas distribution 
system 100 comprises one or more baffle plates above the 
wafer to promote even distribution of the plasma to the 
substrate surface. The baffle plates preferably include mul 
tiply stacked baffle plates, wherein each plate contains one 
or more apertures. A plenum is formed between the baffle 
plate assembly and the upper wall of the process chamber. 
In an especially preferred embodiment, the baffle plate 
assembly is adapted to provide more uniform concentration 
of reactive species from the plasma to the wafer surface. As 
discussed in the background section, it has been discovered 
that hydrogen radicals, for example, created within a plasma 
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decrease in concentration due to recombination as the hydro 
gen radicals travel from the center most impingement point 
in the axial ?ow reactor to the outer edges of the baffle plate. 
While not wanting to be bound by theory, it is believed that 
the reduction in activity of hydrogen radicals as these 
species How to the outer edges of the baffle plate may be due 
to shorter lifetimes of hydrogen atoms than can be supported 
by the radial distance these species have to travel from the 
center-fed axial plasma How to the outer edges of the 
plenum. Once the hydrogen radicals have recombined into 
molecular hydrogen or the like, the neutral gas can no longer 
react with the photoresist. Another reason may be that in an 
axial ?ow reactor design such as the downstream plasma 
asher described herein, the photoresist ashing byproducts 
and spent gas from the central portions of the wafer must 
?ow past the edge of the wafer in order to reach the exhaust 
conduit 170 of the process chamber 16. This results in 
signi?cant dilution of the active hydrogen radicals nearer the 
edge of the wafer compared to the more central portions and 
additionally provides for the radicals closer to the edge to 
deactivate by reacting with the photoresist ashing byprod 
ucts that have been removed from the central locations. It 
has been discovered that increased uniformity of ashing can 
be achieved distally from the centerpoint of the baffle plate 
to the outer edges by increasing the aperture density of the 
baffle plate. For example, by increasing the aperture density 
from the centerpoint to the outer edges or by increasing the 
siZe of the apertures from the centerpoint of the baffle plate 
to the outer edges, or by including an apertureless center 
point, or by a combination of one or more of the foregoing 
baffle plate con?gurations can increase reactivity and 
improve plasma uniformity at the substrate. 

[0048] FIGS. 5-8 illustrate suitable gas distribution sys 
tems for use in the apparatus 10. In a preferred embodiment, 
the gas distribution system 100 is a dual baffle plate assem 
bly. FIG. 5 shows the process chamber 16 into which is 
incorporated a ?rst embodiment of the gas distribution 
system or baffle plate assembly 100. The asher process 
chamber 16 having the baffle plate assembly 100 installed 
therein is suitable for use in a 300 millimeter wafer 
processing system. The gas distribution system 100 could 
also be adapted for use with 200 mm wafers, as would be 
appreciated by one of ordinary skill in the art in view of this 
disclosure. Although the present disclosure is shown as 
being implemented within a downstream plasma asher appa 
ratus, it may also be used in other semiconductor manufac 
turing equipment, such as residue removal, stripping, and 
isotropic etching equipment. 

[0049] The baffle plate assembly 100 comprises an upper 
apertured baffle plate 102 and a relatively larger lower 
apertured baffle plate 104 positioned generally parallel to 
each other and separated from one another. The baffle plate 
assembly 100 is attached to a lower portion 106 of the 
process chamber that includes a cavity 108 in which a wafer 
110 to be processed is placed. The baffle plates 102 and 104, 
in addition to being oriented parallel to each other, are also 
oriented parallel to the wafer 110 being processed. The baffle 
plates 102 and 104 may be the same or different siZes, of 
may have the same or different number of apertures. In a 
preferred embodiment, the upper baffle plate 102 has a 
smaller diameter than the lower baffle plate 104 as shown in 
FIG. 5. 


















