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BACKGROUND [11 Particle performance is of concern in processing

sem conductor substrates such as silicon wafers due to reduction in yield
caused by particles adhered to the surface of such substrates. Particles
in the prosasmoo®asyber that fall on the substrate surfacpustssioogssnr after
substrate processing can reduce yield. Therefore, it is critical to control
particle counts in the process chanber to the mninumto ensure good
yield. [21 Particles in the process chanber can come from many sources.
Process gases and substrate processing can generate particles. Fil ns,
either from process gases or from procéss byproducts, deposited on the
conponents in the process chanber or on chanber wall(s) can also generate
particles. Particles can also be introduced into the process chanber during
chanber hardwar e naigRj o ' I, cl eani ng

sol ution residues @W@%ﬁﬂ@%ﬁeﬁ%&%ﬁm conponent back
into chanber. The Oring on the chanber gate val ve can al so generate
particles if the gate valve is clanped too tight or if the Oring is of
poor quality. [31 Traditionally, particle performance of a process chanber
is nonitored by neasuring particl g ghZSr@ii@pnunber (or count) on a
substrate after the substrate is processed. The particle performnce
measur enent can be done regularly to nonitor the chanber performance or
can be done_after_ chanber hardware nmaintenance to qualify the process
chanber. | Pla Hegielepgrorpange dsopfgongsm i Brosersas ﬁafr'@mrdgcta’éﬁ%%ﬁ suEly @s
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i s done bysubgtrate prgcessing gn reiiceygds Thaefbre, § [S@}icadvto spatrplqusickHranmiein the
processi ng @ggég{mn@@;tgmmnmmgﬂ§ 00§9Q§]t rates processed wth the DOE
are rreasured for particle performance to"determ ne whi ch paraneter(s)
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subsirate 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.

13} Traditionally, particle performance of a process chamber is monitored by measuriﬁg
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



the particle size and counts. However, such a particle source identifying
process is very labor and tinme intensive. [5] In view of the foregoing,
there is a need for a nmethod and apparatus that provides an inproved
chanber particle source identification mechanismto reduce the tine and
resources wissdridasssdentify the particle source(s). Thectapovmssichanber
particle source identification nechanismcan inprove overall chanber
particle performance and throughput perfornmance. SUWARY [6] Broadly
speaki ng, the enbodi ments of the present invention fill the need by

provi ding an i nproved chanber particle source identification mechanism The
In-situ chanber particle source identification nethod and apparatus can
greatly shorten the tinme it takes to identify chanber particle source,
whi ch coul d i nprove the chanber throughput for production system The
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performance during chamber engineéring devel opment stage. It should be
appreC|até@ﬁﬂ%ﬂm¥W%M%resent i nvention can be inplenented i n nunerous ways,
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chanber includes at | east one |aser |ight Source, wherein t
appreciated that the present invention can be Implemented in numerous ways mcludmg 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
collecior. The at least one laser light coflector can collect laser light emitted fram the at least
one laser light source. The chamber particle monitor assembly alsc 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,

i8] 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



at | east one laser light source can scan |laser light in a chanber process

volume within the process chanber and the chanber process volune is

defi ned between the substrate support WO 2007/092546 PCT/ US2007/003347 3

and the chanber top plate. The process chanmber also includes at |east one

| aser |ighwo meldoeator, wherein the at | east one | aserpétrgbdoommbisect or can

collect laser light emtted fromat |east one |aser |ight source.

Additionally, the process chamber includes an anal yzer external to the

processi ng chanber that anal yzes signals representing the |aser |ight

collected by the at |east one laser light collect to provide chanber

particle information. [9] In yet anothér enbodi ment, a nethod of collecting

chanber particle information in- situ includes scanning |laser light emtted

froma laser light source in a process volune inside a process chanber.
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illustrating by way of example the principles of the invention.
. BRIEF DESCRIPTION OF THE DRAWINGS
[11]  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 1A shows a schematic cross-sectional diagram of one embodiment of an in-

situ particle detection system in a process chamber.

[13] Figure 1B shows an embodiment of a top view of the in-situ particle detection system

in the process chamber of Figure 1A,

[14] Figure 1C shows another embodiment of a top view of the in-situ particle detection

system in the process charnber of Figure 1A.

[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.

{16] Figure 2B shows an embodiment of a top view of the in-situ particle detection system

in the process chamber of Figure 2A.



situ particle detection systemin a process chanber with a chanber [|iner
[16] Figure 2B shows an enbodi nent of a top view of the in-situ particle
detection system in the process chanber of Figure 2A. WD 2007/ 092546

PCT[ US2007/ 003347 4 ]117] Figure 3 shows a schematic di agram of a chanber
vol une st ugiopedomegsasti cl e detection system ]18] Fi gurer/dseévawss4n process
fl ow of determ ning chanber particle information in a process chanber.
DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCDI MENTS [ 19] Several exenplary
enbodi nents for an inproved and nore effective chanber particle

i dentification system nethod and apparatus will now be described. It wll
be apparent to those skilled in the aft that the present invention may be
practiced without sone or all of the specific details set forth herein.

[ 20] As described earlier, the traditionally particle source identification
net hod of puNNiFigre YeHngR seenRPGiagam o a CHaGHpr @iunedrhdietsa Riitihdatecporocessi ng
and/or hardware paranmeters is very tine and resources consum ng. Speedy
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takes to bping g e B B6553 p;ﬁ&aegéopsw R GkteinithRe ERAMER Glaticle Bifcthid: inAD
effective In-sit article identification nmethod and apparatus can
provi de |n§P§%%dmﬁﬁﬂt|cle I nformation in the process chanber. By revi ew ng
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suspect ed EEHLAE0D sYFERE: HEPPY arhaRprERe é"r’rlnrl new d*‘??r‘??gds oﬁ "f‘ﬁ PR & port,
such as anthte skilgd irCthe ad) thaetha ftesen mEnuohecpdy&e@fhcﬁ&ds;ﬁmouﬂ‘somlaer ghoftthe | e

probl em woul d ngm%so d. I.n addition, the operating paraneters of the

\
transfer %??ﬁca afg%b emgludled to test their effects on the particle

problem  p@{ exfdEired smr%@mlmaﬁfﬁ&ﬁcl@&u}éa@d&aﬁém@fnemea Bfﬂ@:ﬁﬁg can be
reduced to test if the particle robl em can be reduced, as cla 1g t he

transfer p#sisndd Sﬁquﬁﬁﬂh@(éﬁ)dg YRS GaheR @rqepssing gad/or hardware parame ke

very time and resources consuming. Speedy particle source identification is very important

in reducing the iime 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 O-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 manufactunng systemm. 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.



to cause particle problem [21] The direct and instant chanber particle

I nformation can greatly shorten the tine it takes to identify chanber
particle sources, which could inprove the chanber throughput for the
manuf acturing system 1In addition, the nethod and apparatus can al so be
used to tewwoopepmgents for particle perfornmance duri ngrasmbmosisy

engi neeri ng devel opnent stage to shorten the chanber devel opnent tine. WO
2007/ 092546 PCT/ US2007/003347 5 [22] One enbodi ment of the present

i nvention scans |laser light by at |least one |aser Iight source into a
process volune in the process chanber. In one enbodi nent, the process
volume is the region above and around tthe substrate support in the process
chanber and below the chanber top plate. The process chanber can be any
type of process chanber, such as chem cal vapor deposition chanber, plasma
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that is sensitive to light. Any light that strikes the photodetector causes the photodetector to
emit an electric pulse. The clectrical 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 1A 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 elecirode 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 160. 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 subsirate 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



In one enbodi nent, the gas distribution plate 120 can al so be a top

el ectrode for a plasma processing chanber. Chanber 100 al so has a
substrate support 130 that can support a substrate 140. Chanber wall (s)
150 has a substrate transfer port 160 that allows substrate 140 to be

t ransf err ewo noanessout of the process chanber 100. Chapbpus2edde3skb0 coul d
be one piece or multiple pieces (walls). Laser light source 170 is
installed within the chanber wall 150. Laser |ight source 170 is
controlled by a controller 175 that control its scanning frequency and
direction. In one enbodinent, the |aser |ight source 170 scans across the
regi on 180 above and around the substr&te support 140. Region 180 is
illustrated by the dotted line 185 and corresponds to the chanber process
vol une. The substrate 140 can be present or not present during the
particle SRapeeest BiRiibef Wk kR cthRE BSH and if€ect M8 Msed lighbbatietn, t}ﬁ%&aﬁsﬁsed by
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anal yzed pul'ses can 'be correl ated particle counts, sizes and | ocations
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pi ocess chanber, a plural |t% |'ectors 190 are needed
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| i ght col |6é 6fthe Bl b6llcdtofSOHEP B céiinén adi61 Fi gure 1B shows an enbodi ment of
a top cross-sectional view of chanber 100 of Figure A wth one | aser
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light sourgg,d{Q ifAS 186 B3F s 190bhd EvoCBRFRET: BAAESS foof &R @6, 1B whose

boundary is
laser light source 170 scans across the entire chamber process region 180, whose boundary is

iHlustrated by dotted line 185. The two laser light coliectors 190; and 190y collect laser light
emitted from the Jaser 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 1C 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.

{281 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 systern, the chamber liner(s)

is used to reduce film build-up on the chamber wall. Chamber liner could be made of one



illustrated by dotted Iine 185. The two | aser light collectors 190, and
19011 collect laser light emtted fromthe | aser light source 170. The
nunber of particles, size of particles and |ocations of particle in the
process chanber region 180 would affect the nunber and |ocations of |aser
| i ght bei ngoreéressed. Therefore, the laser |ight collectesdyoishe two

| ight collectors 190 can be anal yzed by the anal yzer 195 to describe the
nunber, the sizes and 3-D |locations of the particles in the process
chanmber 100. [271 In one enbodi nment, there could be nore than one | aser

|l ight source to ensure better coverage of laser |light scanning across the
chanber 100. Figure |IC shows an enbodi fent of a process chanber 100 with 3
| aser |ight sources 170 and 3 laser light collectors 190. One skilled in
the art will appreciate that other conbinations of nunber of |aser |ight
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particle phe bllse‘rhgh&:o]lector(s) 190 can be placed mto the chamber to continue the manufactl.mng

~ process.

[30] Figure 2B shows a top cross-sectional view of chamber 100 with one laser light
source 1707 and two laser light collectors 190y’ and 190y’, installed on the chamber liner 155.
The two laser light collectors 190y dand 190y’ 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(é) 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) 180
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



solved, the laser light source(s) 170 and | aser |ight collector(s) 190 can
be renoved with chanber |iner 155, and a new chanber |iner 155 w thout
the laser light source(s) 170 and the laser light collector(s) 190 can be
pl aced into the chanber to continue the manufacturing process. [301 Figure
2B shows awmomoneesis- sectional view of chanber 100 wit hcposobamess7| i ght
source 110" and two |l aser light collectors 1901' and 190a', installed on

t he chanber liner 155. The two |aser light collectors 1901' and 190n'

enabl e the construction of 3-D inages of particles in the process chanber
100 and all ows the nunber, the sized, and 3-D locations of particles in
the process region 180" in the chanber %100' to be determined. Simlar to

| aser |ight source(s) and laser light collector(s) on the chanber wall,
there could be nore than one |aser |ight source to ensure better coverage
of laser | feglitingsinaDing gaege0 By tibeing anbbrehpnbe gesgicler ienizarvs b8Bnetidh bf er ent
conbi natiop_of, nu aser L h | I ors
are possi me ‘f‘%iﬂgl &amﬁ;hg '§ 8'%/5309 %mél)%%&%l zsro %gnf) heé t.ﬁmgéga':'\L/ale? ﬁ% of
regi on 180vwme§1]me€b3g upctio Q@btm’am&rsyurm lﬁ@ﬁlﬁﬁﬁl‘@n The | aser |ight
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support, aser 1S pr O one or
information at step 430.

[33] The chamber particle information includes the particle counts, particle sizes, particle
size distribution, and locations of the particles. By reviewing the pattem 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 pﬁxposes 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 congidered 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.



| aser |ight sources. The process is then followed by collecting |aser |ight
in the process chanber fromthe process volune using at | east one | aser
light collector at step 420. If three- dinmensional chanber particle
information is to be collected, there nfeds to be at least two |aser |ight
collectors. The at least two laser light collectors should be placed apart
fromeach _other and not directly opposite of each other. After the | aser
light is cBeEdmsd i¥he | aser "1ight collectors, the signals are anal yzed
by an anal yzer to determ ne the chanber particle information at step 430.
1331 The cﬁanbeAnpm‘sltuC charhbéro particlco manifer (agessnbly efopag tnresessies udhamber,
particle sizes, particle size distribution, and | ocations of the

particl es.cdiypristng:ewi ng the pattern of particles distributed in the
process chanber, the source(s) of particles can be revealed or direction of

further study cane®® dndaier Night sokdd Iwidrbinateht tdaet bi¥ RES NMghti sauRBtdaBN has
been described in sone detail for purposes of clarity of understanding, it

will be ap - hat i : bl j e practiced
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enbodi nents are_{o.he nsidered.as illuystrativ d t restrigtive, and
the invention i%P ?IRY 8%&561] ﬁ%ttcgﬁe‘;?%rs’ YVH%rel&'eati"gipﬁggIa:?' \?ﬁasﬁ%ﬁéﬁﬁ?ﬁ%ﬁ?rs may be
nodi fied within the scope and equival ents of the appended cl a'Lm;_. tix What
i s cl ai meaeanseollect Jaser Hehy emitied ofsera the At tlpast engdaser dight sewre) yhetsin the
processi ng chanber, conprising: at |east one laser |ight source, wherein
the at | eagsluraityecf laswdight ¢pitechnunreplaad in gegmodeasing chargber sich that henetndr
process volunme within the processing chanber; a plurality of l|aser |ight

col | ect or sthe phigslely df t43er 1pgheicallédiors Shark a$BmnhdrOAXis; @@dl| ectors can col | ect
| aser light emtted fromthe at | east one |aser |ight source, wherein the

plurality of | (Y ct.qr r d i e o] ole] er
A adtahg%l ERLECUB! S FoBlsARE d chilnb® (Rt OGRATIAY SERARD

such that none Ity o r 1ight collectors share a conmon
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chamber particle information, wherein the plurality of laser light collectors enables

construction of three-dimensional (3-D) images of particle distribution within the

processing volume.

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 at least
portions of both the at least one laser light source and the plurality of laser light

collectors are embedded within a chamber wall.

4. The in-situ chamber particle monitor assembly of claim 1, wherein at lcast
portions of both the at least one laser light source and the plurality of laser light

collectors are embedded within a chamber liner.



representing the laser light collected by the plurality of l|aser |ight
collectors to provide chanber particle information, wherein the plurality
of laser light collectors enables construction of three-dinensional (3-D)
i mges of particle distribution within the processing volume. 2. The
in-situ chanber particle nonitor assenbly of claim1l, wherein the chanber
particle information conprises particle nunber, particle sizes and

| ocations of particles. 3. The in-situ chanber particle nonitor assenbly
of claiml1, wherein at |east portions of both the at |east one |aser |ight
source and >t he pha dnrbity ghaseber pawiclq mgnitor asemidy 06 elimyrle Whstsinitheshaaberi n a
chanber wall. 4. The in-situ chanber particle nonitor assenbly of claim1,
wher ei n at ptezasst volpoiet ¢rmompassebat plahdrelefihed ebste orsabiteme suppaghtvithautlee and
the plurality of laser light collectors are enbedded within a chanber
liner. 10 phocedshhamBesi tu chanber particle nonitor assembly of claiml,
wher ei n the chanber process vol une enconpasses a pl ane defined above a
substrate support within the process chanber. 6. A process chanber with an
i n-situ chanber particle noni t or assenbly to identify chanber particle
source, co r|5|n a su ate ort mnthl the rocess, chanb

chanber top pl atAe C§’ § ?fng?fe?“ h slﬁﬁktt] %h Ctle ’H?mt"éa%sﬁerﬁﬂl Faser

| i ght source, wherein the at | east one_laser Ilght source can scan | aser
light in a“@ﬁﬁﬁﬁﬁﬁnﬁﬁbﬁﬁggeﬁ@W@%émﬁﬁFﬁFﬁithe process chanber and the
chanber process volume is defined between the substrate support and the
chanber top pl atsebstratepiuppentt withirothe lpaswess ¢hiagtber;col | ect ors, wherein the
plurality of laser light collectors can collect laser light emtted from
at | east one | ageharthbghép phwy disposedevaithe fubstriestppart;y of |aser 1ight
collectors are placed in the processing chanber such that none of the

plurality of |agefeadtl (A 1262 1ight (sOuRe SHAERIAHe UTTRAL 3%k JasePBight 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;

a plurality of laser light collectors, wherein the plurality of laser light collectors
can collect laser light emitted from at least one laser light source, wherein the plurality
of laser light collectors are placed in the processing chamber such that none of the
plurality of laser light collectors share a common axis; and

an analyzer external to the processing chamber that analyzes signals
representing the laser light collected by the plurality of laser light collectors to provide
chamber particle information, wherein the plurality of laser light collectors enables
construction of three-dimensional (3-D) images of particle distribution within the

processing volume.



an anal yzer external to the processing chanber that anal yzes signals
representing the laser light collected by the plurality of |aser |ight
collectors to provide chanber particle information, wherein the plurality
of laser light collectors enables consthuction of three-dinmensional (3-D)
i mages of particle distribution within the processing volune. 11 7. The
i n-situ chgnber particl nitor. assenhbly of claim6, rei.n there are at
| east two ?aser ?é‘ﬁf"%%g]?ﬂ“& bagtig E’qut‘é%%gtsmflﬁ]é’ qu?l"é‘f“él’vin CIR SRS g o

pl aced apart from one another to provide |ight sources to the process
chanber . sleastiavoplager dight seiaese theot leashityvp dasepfishicsonrags areplgeedhenari Bom of
both the at | east one laser light source and the plurality of l|aser |ight
col | ect or song enctindydel pencridei light sovmcesab dimbpocesalcham®er. The process chanber of
claim6, wherein a chanber wall is defined around the substrate support
and a liner is disposed within the chanber wall. 10. The process chanber of
claim9, wherein at |east portions of both the at |east one |aser |ight

source andgt he mlly E)_?Iﬂrgggsyc}%}nﬂeﬁ%? elaﬁ%'ggﬁrﬁ,tvgg&écik%@ﬁ&rjg_tsp@fﬁsmeapﬁ&kﬂetﬁe% fdakn 3t he

chanmber liner. 11. process cha arm 10, wherein there are
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portions of, both the at |east one |aser |light source and the plurality of

| aser Iigﬁh M@t ors are enbedded within the plurality of chanber

liners. 13. A nethod of collecting chanber particle information in-situ,
conprising: scanning laser light emtted froma laser light source in a
process volune inside a process chanber; 12 collecting the laser light in
t he proces8. chaTheprdeyssmakhinbpt €f dlaines, whedein £ ohdneted avadl, is \Wefin&l rotih@the
multiple laser light collectors are placed in the processing

substrate support and a liner is disposed within the chamber wall.

10.  The process chamber of claim 9, wherein at least portions of both the at least
one laser light source and the plurality of laser light collectors are embedded within the

chamber liner.

11, The process chamber of claim 10, wherein there are 3 laser light sources and 3

light source collectors.

12. The process chamber of claim 9, wherein there are a plurality of chamber liners
and at least portions of both the at least one laser light source and the plurality of laser

light collectors are embedded within the plurality of chamber liners.

13. 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;



chanber such that none of the nultiple laser light collectors share a
common axis; and analyzing the collected |laser light to determ ne chanber
particle information wherein the multiple laser light collectors enables
construction of three-dinensional (3- D}z i mges of particle distribution
wi thin the processing voI ume. 14. The nethod of claim13, wherein the

volume i.s fi n hanber t | ate and. subst e
ngggfts 15. Thé&° lrlr"éC?H%d i aﬁq’r\l\fgﬁl 130 e RIREss WP’%@: [glét | aser

i ght source. and the pultiple |aser iﬂght col l ectors wthi n a chan‘per
wal | . 16. AEecHIs.nEhersm &earrwtm:ée Inser teBE coBegspissurs Ripasddi tg prescsskger
| i ght source and the nmultiple laser light collectors within a chanber

| i ner. 17. clEmebarsudtoidiatofonelodithm rhGlfiplelesee light dedlectosrshere d ¢omemomaxil; ande | aser
light source and nultiple laser light collectors are renovable. 18. The

met hod of cl ai maddyzing ehicebdlldchd baniai tpalctdr@iin®: title idfeinbidRs:
particle size and distribution and particle location information within the

process CRABREI the Jﬂ%lltlﬂi@@&é@? Il@l?f‘i:oﬁtectﬁxls%%léécoﬂ@l&ﬁét%d'bfttﬂfee FHiReh RIS 3-

i ncludes particle size infornat
D) images of particle distribution within the processing volume.

14, The method of claim 13, wherein the process volume is defined between a

chamber top plate and a substrate support.

15.  The method of claim 13, further comprises: embedding the laser light source

and the multiple laser light collectors within a chamber wall.

16. The method of claim 13, further comprises embedding the laser light source and

the multiple laser light collectors within a chamber liner.

17.  The method of claim 16, wherein the chamber liner with the laser light source

and multiple laser light collectors are removable.

18.  The method of claim 13, wherein the chamber particle information includes
particle size and distribution and particle location information within the process

chamber.

19.  The method of claim 13, wherein the 3-D image includes particle size

information.



