
WO 2007/092546 PCT/US2007/003347 CHAMBER PARTICLE
DETECTION SYSTEM  BACKGROUND  [11 Particle performance
is of concern in processing semiconductor substrates
such as  silicon wafers due to reduction in yield
caused by particles adhered to the surface of such
substrates. Particles in the process chamber that fall
on the substrate surface during or after  substrate
processing can reduce yield. Therefore, it is critical
to control particle counts in the  process chamber to
the minimum to ensure good yield. [21 Particles in the
process chamber can come from many sources. Process
gases and  substrate processing can generate
particles. Films, either from process gases or from
process  byproducts, deposited on the components in
the process chamber or on chamber wall(s) can  also
generate particles. Particles can also be introduced
into the process chamber during  chamber hardware
maintenance by various mechanisms, such as cleaning
solution residues  remaining in the chamber when
placing the component back into chamber. The O-ring on
the chamber gate valve can also generate particles if
the gate valve is clamped too tight or if  the O-ring
is of poor quality. [3] Traditionally, particle
performance of a process chamber is monitored by
measuring  particle size and number (or count) on a
substrate after the substrate is processed. The
particle performance measurement can be done regularly
to monitor the chamber  performance or can be done
after chamber hardware maintenance to qualify the
process  chamber. If a high particle count on the
substrate is detected, the particle source(s) needs to
be identified and the problem(s) needs to be solved
before further substrate processing can be  continued
or before the chamber can be qualified. [4]
Traditionally, particle source identification is done
by running design of experiment  (DOE) of various
chamber processing and/or hardware parameters.
Substrates processed  with the DOE are measured for
particle performance to determine which parameter(s)
affects WO 2007/092546 PCT/US2007/003347  2 



the particle size and counts. However, such a particle
source identifying process is very labor  and time
intensive. [5] In view of the foregoing, there is a
need for a method and apparatus that provides an
improved chamber particle source identification
mechanism to reduce the time and resources  used to
identify the particle source(s). The improved chamber
particle source identification  mechanism can improve
overall chamber particle performance and throughput
performance.  SUMMARY [6] Broadly speaking, the
embodiments of the present invention fill the need by
providing an improved chamber particle source
identification mechanism. The in-situ  chamber
particle source identification method and apparatus
can greatly shorten the time it  takes to identify
chamber particle source, which could improve the
chamber throughput for  production system. The method
and apparatus can also be used to test components for
particle performance during chamber engineering
development stage. It should be  appreciated that the
present invention can be implemented in numerous ways,
including as a  process, an apparatus, or a system.
Several inventive embodiments of the present invention
are described below. [7] In one embodiment, an in-situ
chamber particle monitor assembly for a  semiconductor
processing chamber includes at least one laser light
source. The at least one  laser light source can scan
laser light in a chamber process volume within the
processing  chamber. The in-situ chamber particle
monitor assembly also includes at least one laser
light  collector. The at least one laser light
collector can collect laser light emitted from the at
least  one laser light source. The chamber particle
monitor assembly also includes an analyzer  external
to the processing chamber that analyzes signals
representing the laser light collected  by the at
least one laser light collector to provide chamber
particle information. [8] In another embodiment, a
process chamber with an in-situ chamber particle
monitor  assembly to identify chamber particle source
includes a substrate support within the process
chamber. The process chamber also includes a chamber
top plate disposed over the substrate  support. In
addition, the process chamber includes at least one
laser light source, wherein the  



at least one laser light source can scan laser light
in a chamber process volume within the  process
chamber and the chamber process volume is defined
between the substrate support WO 2007/092546
PCT/US2007/003347  3 and the chamber top plate. The
process chamber also includes at least one laser light
collector, wherein the at least one laser light
collector can collect laser light emitted from at
least one laser light source. Additionally, the
process chamber includes an analyzer external  to the
processing chamber that analyzes signals representing
the laser light collected by the at  least one laser
light collect to provide chamber particle information.
[91 In yet another embodiment, a method of collecting
chamber particle information in- situ includes
scanning laser light emitted from a laser light source
in a process volume inside  a process chamber. The
method also includes collecting the laser light in the
process  chamber by multiple laser light collectors.
In addition, the method includes analyzing the
collected laser light to determine chamber particle
information. 1101 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 111] The present invention will be
readily understood by the following detailed
description  in conjunction with the accompanying
drawings, and like reference numerals designate like
structural elements. [12] Figure IA shows a schematic
cross-sectional diagram of one embodiment of an in-
situ particle detection system in a process chamber.
1131 Figure lB shows an embodiment of a top view of
the in-situ particle detection system  in the process
chamber of Figure IA. [14] Figure 1C shows another
embodiment of a top view of the in-situ particle
detection  system in the process chamber of Figure IA.
[15] Figure 2A shows a schematic cross-sectional
diagram of one embodiment of an in- 



situ particle detection system in a process chamber
with a chamber liner. 116] Figure 2B shows an
embodiment of a top view of the in-situ particle
detection system  in the process chamber of Figure 2A.
WO 2007/092546 PCT/US2007/003347  4 [17] Figure 3
shows a schematic diagram of a chamber volume studied
a particle detection  system. [18] Figure 4 shows a
process flow of determining chamber particle
information in a  process chamber. DETAILED
DESCRIPTION OF THE EXEMPLARY EMBODIMENTS [19] Several
exemplary embodiments for an improved and more
effective chamber particle  identification system,
method and apparatus will now be described. It will be
apparent to  those skilled in the art that the present
invention may be practiced without some or all of the
specific details set forth herein. [20] As described
earlier, the traditionally particle source
identification method of running  design of experiment
(DOE) of various chamber processing and/or hardware
parameters is  very time and resources consuming.
Speedy particle source identification is very
important  in reducing the time it takes to bring the
process chamber back into manufacturing state. An
effective in-situ chamber particle identification
method and apparatus can provide instant  particle
information in the process chamber. By reviewing the
particle information, which  could include particle
sizes, numbers, and locations of the particles,
particle sources can be  revealed or directions for
further study can be identified. For example, if the
chamber  particles are heavily located near the
transfer port, the transfer port can be suspected to
cause  the particle problem. Components of the
transfer port, such as an O-ring, can be examined or
replaced to see if the particle problem would be
resolved. In addition, the operating  parameters of
the transfer port can also be studied to test their
effects on the particle problem.  For example, the
clamping force on the transfer port door can be
reduced to test if the particle  problem can be
reduced, as clamping the transfer port door too hard
can damage the 0-ring  



to cause particle problem. [21] The direct and instant
chamber particle information can greatly shorten the
time it  takes to identify chamber particle sources,
which could improve the chamber throughput for  the
manufacturing system. In addition, the method and
apparatus can also be used to test  components for
particle performance during a chamber engineering
development stage to  shorten the chamber development
time. WO 2007/092546 PCT/US2007/003347  5 122] One
embodiment of the present invention scans laser light
by at least one laser light  source into a process
volume in the process chamber. In one embodiment, the
process  volume is the region above and around the
substrate support in the process chamber and  below
the chamber top plate. The process chamber can be any
type of process chamber, such  as chemical vapor
deposition chamber, plasma etching chamber, or thermal
vapor deposition  chamber, as long as the chamber is
enclosed. The particles in the region covered (or
scanned) by the laser light source(s) would reflect
the laser light and affect the laser light  pattern in
the region studied. A laser is the preferred light
source because its light is a single  wavelength (and
therefore it is one color - typically red or infrared
for particle counters).  Solid state laser diodes can
be used in one embodiment because of their small size,
light  weight, and mean time between failures (MTBF).
[231 The laser light can be picked up by at least one
laser light detector, such as a  photodetector or a
camera, installed in the chamber. A photodetector is
an electric device  that is sensitive to light. Any
light that strikes the photodetector causes the
photodetector to  emit an electric pulse. The
electrical pulses can be analyzed to be correlated to
particle  number, sizes and locations. Digital cameras
can also be used due to their sensitivity to light.
The light detector can continuously collect particle
data to monitor the chamber particle  performance or
can collect particle data only during
trouble-shooting. [24] Figure IA shows a
cross-sectional view of an embodiment of a process
chamber 100  that has a chamber top plate 110, which
include a gas distribution plate (or shower head) 120.



In one embodiment, the gas distribution plate 120 can
also be a top electrode for a plasma  processing
chamber. Chamber 100 also has a substrate support 130
that can support a  substrate 140. Chamber wall(s) 150
has a substrate transfer port 160 that allows
substrate  140 to be transferred in and out of the
process chamber 100. Chamber wall 150 could be one
piece or multiple pieces (walls). Laser light source
170 is installed within the chamber wall  150. Laser
light source 170 is controlled by a controller 175
that control its scanning  frequency and direction. In
one embodiment, the laser light source 170 scans
across the  region 180 above and around the substrate
support 140. Region 180 is illustrated by the  dotted
line 185 and corresponds to the chamber process
volume. The substrate 140 can be  present or not
present during the particle source identification
process. The laser light is  collected by light
collector 190 that is placed on the chamber wall 150.
Since the particles in WO 2007/092546
PCT/US2007/003347  6 the process chamber would reflect
laser light and affect the laser light pattern, the
locations  and numbers of the particle in the process
chamber can be captured by the laser light  collector
190. The laser light collector 190 is connected to an
analyzer 195 to analyze the  signals (or pulses)
collected. [25) The analyzed pulses can be correlated
to particle counts, sizes and locations of the
particles in the chamber. If there is only one light
collector 190 in the process chamber, the  particle
images collected from the chamber would be
two-dimensional (2-D). From the  particle images
collected, one can tell the particle counts, particle
sizes and in what directions  relative to the light
collector 190 the particles are located. In order to
get a three-dimensional  (3-D) construction of images
of particles in the process chamber, a plurality of
light  collectors 190 are needed. The plurality of
light collectors 190 should be placed such that  none
of the light collectors share a common axis. [261
Figure 1B shows an embodiment of a top cross-sectional
view of chamber 100 of  Figure IA with one laser light
source 170 and two laser light collectors 1901 and
19011. The  laser light source 170 scans across the
entire chamber process region 180, whose boundary is  



illustrated by dotted line 185. The two laser light
collectors 1901 and 1901, collect laser light  emitted
from the laser light source 170, The number of
particles, size of particles and  locations of
particle in the process chamber region 180 would
affect the number and  locations of laser light being
reflected. Therefore, the laser light collected by the
two light  collectors 190 can be analyzed by the
analyzer 195 to describe the number, the sizes and 3-D
locations of the particles in the process chamber 100.
[271 In one embodiment, there could be more than one
laser light source to ensure better  coverage of laser
light scanning across the chamber 100. Figure IC shows
an embodiment of  a process chamber 100 with 3 laser
light sources 170 and 3 laser light collectors 190.
One  skilled in the art will appreciate that other
combinations of number of laser light sources and
laser light collectors are possible. 1281 In addition
to mounting the laser light source(s) and laser light
collector(s) on the  chamber wall, the laser light
source(s) and the laser light collector(s) can also be
mounted on  a chamber liner. In some process systems,
such as a plasma etch system, the chamber liner(s)  is
used to reduce film build-up on the chamber wall.
Chamber liner could be made of one WO 2007/092546
PCT/US2007/003347  7 piece material, or made of
multiple pieces (liners). Details of how a chamber
liner is  installed in a plasma etch chamber is
described in U.S. Patent No. 6,277,237, owned by the
Assignee. [291 Figure 2A shows a process chamber 100'
that is similar to the chamber 100 of Figure  IA.
Chamber 100' has a chamber liner 155. At least one
laser light source 170 and at least  one laser light
collector 190 are installed on the liner 155. The
laser light source(s) 170 scan  across the chamber
process region 180', which is slightly smaller than
the process region 180  of Figure lA due to the
insertion of the chamber liner 155. There is a
substrate transfer port  165 on the liner 155 that
matches with the transfer port 160 on the chamber
wall. Since the  liner is replaceable, the laser light
source(s) and the laser light collector(s) can be
placed into  the chamber when there is a need to
identify particle source. Once the particle problem is



solved, the laser light source(s) 170 and laser light
collector(s) 190 can be removed with  chamber liner
155, and a new chamber liner 155' without the laser
light source(s) 170 and  the laser light collector(s)
190 can be placed into the chamber to continue the
manufacturing  process. [301 Figure 2B shows a top
cross-sectional view of chamber 100 with one laser
light  source 170' and two laser light collectors
1901' and 19011', installed on the chamber liner 155.
The two laser light collectors 1901' and 19011' enable
the construction of 3-D images of  particles in the
process chamber 100 and allows the number, the sized,
and 3-D locations of  particles in the process region
180' in the chamber 100' to be determined. Similar to
laser  light source(s) and laser light collector(s) on
the chamber wall, there could be more than one  laser
light source to ensure better coverage of laser light
scanning across the chamber process  region 180.
Different combination of number of laser light sources
and laser light collectors  are possible. [311 Figure
3 shows an exemplary 3-D schematic drawing of region
180 surrounded by  dotted boundary lines 185. The
laser light pattern collected by the laser light
collector(s) 190  of Figure 2B shows a large amount of
particles near the chamber transfer port 160. Based on
the particle information illustrated in Figure 3,
further particle study on the transfer port 160  can
be conducted. Additional analysis can lead to the
conclusion that the transfer port O-ring  releases
large amounts of particles due to the transfer port
door being clamped too tight and WO 2007/092546
PCT/US2007/003347  a resulting in O-ring damage. By
viewing the 3-D chamber particle images as a function
of  time, the origin and the movement of particles can
also be traced. The 3-D images can be  very useful in
speeding up the chamber particle source
identification. [321 Figure 4 shows a process flow of
using the chamber particle detection system to  detect
particles in a process chamber. The process 400 starts
at step 410 by scanning laser  light in a process
volume. In one embodiment, the process volume is
defined between a  chamber top plate and a substrate
support, where the laser light is provided by one or
more  



laser light sources. The process is then followed by
collecting laser light in the process  chamber from
the process volume using at least one laser light
collector at step 420. If three- dimensional chamber
particle information is to be collected, there needs
to be at least two  laser light collectors. The at
least two laser light collectors should be placed
apart from each  other and not directly opposite of
each other. After the laser light is collected by the
laser  light collectors, the signals are analyzed by
an analyzer to determine the chamber particle
information at step 430. [331 The chamber particle
information includes the particle counts, particle
sizes, particle  size distribution, and locations of
the particles. By reviewing the pattern of particles
distributed in the process chamber, the source(s) of
particles can be revealed or direction of  further
study can be identified. [34] Although the foregoing
invention has been described in some detail for
purposes of  clarity of understanding, it will be
apparent that certain changes and modifications may be
practiced within the scope of the appended claims.
Accordingly, the present embodiments  are to be
considered as illustrative and not restrictive, and
the invention is not to be limited to  the details
given herein, but may be modified within the scope and
equivalents of the  appended claims. WO 2007/092546
PCT/US2007/003347  9  What is claimed is: Claims  1.
An in-situ chamber particle monitor assembly for a
semiconductor processing  chamber, comprising: at
least one laser light source, wherein the at least one
laser light source can scan laser  light in a chamber
process volume within the processing chamber; at least
one laser light collector, wherein the at least one
laser light collector can  collect laser light emitted
from the at least one laser light source; and an
analyzer external to the processing chamber that
analyzes signals representing the  



laser light collected by the at least one laser light
collector to provide chamber particle  information. 2.
The in-situ chamber particle monitor assembly of claim
1, wherein the chamber  particle information comprises
particle number, particle sizes and locations of
particles. 3. The in-situ chamber particle monitor
assembly of claim 1, wherein there are a  plurality of
laser light collectors, the plurality of laser light
collectors are placed such that  none of the plurality
of laser light collectors share a common axis. 4. The
in-situ chamber particle monitor assembly of claim 3,
wherein the chamber  particle information include
three-dimensional image representing particle
distribution within  the chamber process volume. 5.
The in-situ chamber particle monitor assembly of claim
1, wherein at least portions of  both the at least one
laser light source and the at least one laser light
collector are embedded  within a chamber wall. WO
2007/092546 PCT/US2007/003347  10 6. The in-situ
chamber particle monitor assembly of claim 1, wherein
at least portions of  both the at least one laser
light source and the at least one laser light
collector are embedded  within a chamber liner. 7. The
in-situ chamber particle monitor assembly of claim 1,
wherein the chamber  process volume encompasses a
plane defined above a substrate support within the
process  chamber.  8. A process chamber with an
in-situ chamber particle monitor assembly to identify
chamber particle source, comprising: a substrate
support within the process chamber; a chamber top
plate disposed over the substrate support; at least
one laser light source, wherein the at least one laser
light source can scan laser  light in a chamber
process volume within the process chamber and the
chamber process  volume is defined between the
substrate support and the chamber top plate; 



at least one laser light collector, wherein the at
least one laser light collector can  collect laser
light emitted from at least one laser light source;
and an analyzer external to the processing chamber
that analyzes signals representing the  laser light
collected by the at least one laser light collect to
provide chamber particle  information. 9. The process
chamber of claim 8, wherein there are a plurality of
laser light collectors,  the plurality of laser light
collectors are placed such that none of the plurality
of laser light  collectors share a common axis. 10.
The in-situ chamber particle monitor assembly of claim
8, wherein there are at least  two laser light
sources, the at least two laser light sources are
placed apart from one another  to provide light
sources to the process chamber. WO 2007/092546
PCT/US2007/003347  11 11. The process chamber of claim
8, wherein at least portions of both the at least one
laser light source and the at least one laser light
collector are embedded within a chamber  wall. 12. The
process chamber of claim 8, wherein a chamber wall is
defined around the  substrate support and a liner is
disposed within the chamber wall. 13. The process
chamber of claim 12, wherein at least portions of both
the at least one  laser light source and the at'least
one laser light collector are embedded within the
chamber  liner. 14. The process chamber of claim 12,
wherein there are a plurality of chamber liners and
at least portions of both the at least one laser light
source and the at least one laser light  collector are
embedded within the plurality of chamber liners. 15.
The process chamber of claim 13, wherein there are 3
laser light sources and 3 light  source collectors.
16. A method of collecting chamber particle
information in-situ, comprising: scanning laser light
emitted from a laser light source in a process volume
inside a  



process chamber; collecting the laser light in the
process chamber by multiple laser light collectors;
and  analyzing the collected laser light to determine
chamber particle information. 17. The method of claim
16, wherein the process volume is defined between a
chamber  top plate and a substrate support. 18. The
method of claim 16, further comprises: orienting the
multiple laser light collectors such that none of the
multiple laser light  collectors share a common axis.
WO 2007/092546 PCT/US2007/003347  12 19. The method of
claim 16, further comprises: embedding the laser light
source and the multiple laser light collectors within
a  chamber wall. 20. The method of claim 16, further
comprises embedding the laser light source and the
multiple laser light collectors within a chamber
liner. 21. The method of claim 20, wherein the chamber
liner with the laser light source and  multiple laser
light collectors are removable. 22. The method of
claim 16, wherein the chamber particle information
includes particle  size and distribution and particle
location information within the process chamber. 23.
The method of claim 16, wherein the analyzing the
collected laser light includes  generating a 3-D image
representing particle distribution inside the process
chamber. 24. The method of claim 23, wherein the 3-D
image includes particle size information. 


