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[3] 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
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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
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[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 chamber 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.
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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 manufacturmg 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.
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processmg 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
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coverage of laser hght scanmng across the chamber 100. Figure 1C shows an embodLment 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.

[28] 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
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region 180. Different combination of number of laser light sources and laser light collectors

are possible.

[31] 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



solved, the laser light source(s) 170 and | aser [|ight
collector(s) 190 can be renoved with chanber |iner
wa3e7/0az6d6 a new chanber |iner 155 w thout thePCaas2007/003347
i ght source(s) 170 and the laser |light collector(s)
190 can be placed into the chanber to continue the
manuf acturing process. [301 Figure 2B shows a top
cross-sectional view of chanber 100 with one | aser
l'ight source 170" and two | &ser light collectors
1901' and 19011', installed on the chanber |iner 155.
The two | aser |ight collectors 1901' and 19011' enable
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lightrejlectonn the sigudfls prer aniabyized brlae apalyzdrgo tdemir@rthp @hember particle

. . hej nped too tight and WO 2007/ 092546
ln@%ﬁ%ﬁ@%%g%?8%§347 aresulting in Oring damage. By
[33’]' e‘ﬁ!‘h@Qh&rﬁﬁer?a&c@ﬁ?@ﬁfag&?L&luﬁk@tb@'ﬁgﬁ:& &ﬁm@ baiBElel 2Rs, particle

origin an movenment of ticles can
SlZ&I digtriyation, cand dlocatiss Rfhe mggticese aIBYbEPWf\Y‘éPs' thrs @rtigrn| ¢f particles
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entification. Figure 4 shows a process flow of
iﬁﬂhWﬁgwrh@lbhdwﬁébdpart|cIe detection systemto detect
articles in a process chanber. The process 400 starts
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ard ¥R 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.



| aser light sources. The process is then followed by

collecting laser light in the process chanber from
woOheo7pwzi@ess vol ume using at | east one | aser | PQItUS2007/003347

collector at step 420. If three- dinensional chanber

particle information is to be collected, there needs

to be at least two laser light collectors. The at

| east two laser light collectors should be placed

apart fromeach other and nét directly opposite of

each other. After the laser light is collected by the

| aser light collectors, the signals are anal yzed by

.analyzer to determ ne the chanber particle

’mﬁﬂf%&%%%?gﬁ at step 430. [331 The chanber particle

informati on includes the particle counts, particle

sizes, particle -size distribution, and | ocati ons of
£Hﬂﬂ§§particles. By reviewing the pattern of particles

di stributed in the process chanber, the source(s) of

particles can be revealed or direction of further
1. st udyn dmsittbehambert piriicld. mpdiddr Adstiablygort heselié@@0étdg processing
ch&n%§q&%9qﬁhas been descri bed in sone de;ail_for
purpbse&’ogg‘clarlty of understanding, it wll be
appar leadt ohé iserdinht sturcee wharginshamdeaxoohie lasea light ¥oufve ¥abeean laser

r.acti within the scope, of the, ended cl ai ns.

. ce ap (
light 18 & KB Progie v P Es BREIMGAD BRCFEHESTmPE: 1 o be
consi testechealasdr| lighs tolddciorewhadinntie dt d&dst bfé laser lightdoollector can
the details

' ' ' ta be limted,t
CO%“{&\?/ g%&ﬁ%r%c:ﬂﬁl,nﬂelg Eliorr}}?r%lfl aglgasﬁﬁla‘li fI’Iliseé Zlgw S?"h‘fﬁ?; e scope and
equay ahaydes exteriiahto tha ppvﬁmimé dhbimbﬁsthgt\/@a%écklﬁiwgresenting the
IS2Q0°7 347 at .i.s [ I S: al, . .
s R GE o ool DAY absi P o Py e parict

infgmmitioonduct or processi ng chanber, conprising: at
| east one laser |ight source, wherein the at |east one
| aser |ight source can scan laser |ight in a chanber
2. pr o@bs Sn-givh whembgrt prrticlé eonpiton aessibiyg of keiitker,; whdreinemst chamber

. 1ight coll cior wherein the at .| east gne .
v ihBFiice' ariSEh el i Bicle 158 P8 o GRbPcipeites
fromthe at | east one |laser |ight source; and an
ana er external to.the processi chanber .that .
3. ana ¥§ ené-Sl‘s%Lll gcﬁ% E}err aprtrlcelg erﬂgl’flﬁ)é 3spembly ot} (I:Tta)lm 1, waherem 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.



| aser light collected by the at |east one |aser |ight

coll ector to provide chanber particle information. 2.
wOoheo7im2s6t u chanber particle nonitor assenbl yrof/usk@inov3347

1, wherein the chanber particle information conprises

particle nunber, particle sizes and |ocations of

particles. 3. The in-situ chanber particle nonitor

assenmbly of claim1l, wherein there are a plurality of

| aser light collectors, the pdurality of l|aser I|ight

collectors are placed such that none of the plurality

of laser light collectors share a common axis. 4. The

i n-situ chanbe article ponitor assenpbly of claim3,
6. o of -SRI pl e S B P LR Ly eI dblehst portions of
botththe et ldasrens leadight BAge: drithesElbist bae Radrilight Eollector are embedded

.g%itrib tign wthin the chanber process vol une.
wi aflf‘?‘-'gﬁef "Thanber particle nmonitor assenbly of claim

1, wherein at |east portions of both the at |east one

| as l.ight source and the at |east one |aser |ight
7. cof HBg bt IR oBRGe T ASEtharh&2ifal | Whegpn the chamber
prad@fi ¥ dI9Rb 48cdiipbddSA0NMO@IBEd abdfe aﬁsub@ﬁ@t@lsﬂgﬁdrﬁ Within the process
chs anber particle nonitor assenbly of claim1l, wherein

A°Yeast portions of both the at |east one |aser

light source and the at | east one |aser |ight

col Lector are enbedded . wi.t hin chanber liner. 7. The. .
& in-§ P’iﬁ’cfﬁ?a%’@serp%’l’ kY lé'-%rﬁhﬁwgerag%r&ﬁlsuyoraforasmhbi 1o identify
chahledr @hricielseurbasafrisingl 0Cess vol ume enconpasses a

ane dgfi ned aboyﬁig%lsubstr te support within the

pl !
pr of SESTAETHRRRL} Withig theprpeess ghambehanher with an
| N- sichamiednasysinte Pidspbical o enma bibRtrat@ SeIoRE Y to identify
chamher particle source, conpyising, a substrate
suthoF?St%' P lighbsoRFose Wherepihe g dea t%f’eclﬁﬁﬁi‘é]ir’t SByye can scan laser
light at Te cﬂirﬁmslﬁ’ﬁce@y @bmﬁeew\i\:ﬁh&hé @t@ewamlme'r and tllleealiietmber process
ne . r Light source, erein e at | east one | aser
vofiiis 38 cehein M urtiuaiipbot fuhihe cfhmpes ol
pr osteRast el UaRer Mighhcolldehie, WhaeRSthe G AHIE bner fight collector can
lghg.goer. Etr oc.esi vol yme is defined between the
colligh @ iga" TRFEY ol PP HRRedabRY SewEs ardt e;
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.



at | east one laser light collector, wherein the at

| east one laser light collector can collect |aser
woigimoszastt ed from at | east one | aser |ight sear@s2007/003347

and an anal yzer external to the processing chanber

that anal yzes signals representing the |aser |ight

collected by the at | east one laser light collect to

provi de chanber particle information. 9. The process

chanber of claim8, wherein there are a plurality of

| aser light collectors, the plurality of |aser |ight

coIIectors are pl aced such that none of the plurality

ser |i coI ectors har e conmon a

o TR FEoet HmEEPt B e POoOnFS 157, SOMB1) Cofh Bieat dpast one
las8r; lightesoeica ahl ellieﬁ‘atalb&t ahe RasSlighttealledt@SaE ehib@ded within a2 chamber

our ces, the at least two |aser |ight sources are

placed apart from one another to provide |ight

sources to the process chanber. WO 2007/ 092546

PCT[1S2007/ 00 1.11. _Th rocess chamber. of _cl aim
12 RE R e RS T Bnd SPrbb RS S 78 defngharound the
subsaaersuppaténdsolitee & (ﬁmsetmﬂah tHeahainb@neall. aser |i ght

coll ector are enbedded within a chanmber wall. 12. The
process chanber of claim8, wherein a chanber wall is
13def IThe qbrmstmﬂmbheof aaxhsu ableer&ihl PP Pkt porGon dﬂ' Hbﬂ{ tHeSat Jeast one

cha I 13. The pr
sk SR aP 5 Ch MR 195 TROPET HE ool e APBPUFRE Bimip B hamber
linthe at | east one Ilaser |ight source and the at'l east
one | aser |light collector are enbedded within the
chanber Iliner. 14. The process chanber of claim 12,

14wheTké prdackarchambe of cpzllm I'lal WhMemfthﬁ’é afmplufdlmebﬁckﬁﬂﬁer lmers and
eas ti,ons east one laser lig
ot st EREE Aok B g B Bl SPRGRENT b Pelortion Hiser tight
colmm@lsbeejnhmam withih eheppluvatityi dty;hﬁﬁbdir hiasfaer |iners. 15.
The process chanber of claim 13, wherein there are 3
| aser |ight sources and 3 light source collectors.
16. A nethod of coIIecting chanber particle

Sem TPRR PO AP P g “EOTPLSH ma ot DEE sgbicennd 3 it

sourdfesadﬂlectars.

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.



process chanber; collecting the laser light in the
process chanmber by nultiple laser |ight collectors;
wana7/arsbyzi ng the collected laser |ight to deCemswe003347
chanber particle information. 17. The nethod of claim
16, wherein the process volune is defined between a
chanber top plate and a substrate support. 18. The
nmet hod of claim 16, further conprises: orienting the
multiple laser light collectoxrs such that none of the
mul tiple laser light collectors share a commopn axi s.
WO 2007/ 092546 PCT/ US2007/003347 12 19. The nethod of
claim 16, further conprises: enbedding the |aser |ight
source and the nultiple laser light collectors within

192 ghamReodwdklaim 26, futhe coriphiesd; of cl ai m 16, furt her

conp d|n the | aser, | ight source and t
il BT G0 G gt COMToR A B WP S HABRb phectors within
ch&hmﬁmmH21 The nethod of claim 20, wherein the chanber
liner wwth the laser |ight source and nmultiple |aser
light collectors are renovable. 22. The net hod of

20¢| aimie Mpthashefreddin 1) GurtHaa bhapriea einbeddng theQad¥R i source and the
cle sgsize di.stribution and particle

mli“@@'&f ﬁq%ﬁf?}kﬁ’é’fﬁ%wuwatcﬁ?’ﬁb? W8y ocess chanmber. 23.

The method of claim16, wherein the analy2|ng the

coI cte t Jincludes ener at i

217 o TS GNP LT 20 oo i it FHG WY difeisi it Gource and
muttipl e beér. lxgﬁécolréhtbrmé kagbvablecl ai m 23, wherein the 3-D

i mge includes particle size informtion.

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.



