MONI TORI NG SYSTEM COMPRI SI NG | NFRARED THERMOPI LE

DETECTOR CROSS REFERENCE TO RELATED APPLI CATI ONS
wpQOBbB418hi s is a continuation-in-part of the BCHUS2004/029383

Pat ent Application No. 10/623,244 for "Infrared

Ther nopi | e Detector System For Sem conductor Process

Moni toring Contrql ' fi in the nane
of Jose |. Arno, M%@?SMﬁiﬁml&% vi si onal of
10/ 140, 848 for "Intrared ernopile tector System

for Sem conductor Process Mnitoring and Control "
filed on May 8, 2002 in the nane of Jose |I. Arno, now
U S. Patent 6,617,175. Field of The Invention [0002]
Thi s i nvent i oprOSY REFFRENCE I TO RELAGEDLAFPLICHIIORS

nmoni toring systens for sem conductor process

NoD0i]t Dhié 3G canthustivatin-pdrt of BesE.61 PrtentApplitatioh doRHY/ 628 2d4 fr tInfrared
[ 0003] Most infrared energy-absorbi ng nol ecul es absorb
Thérmepile dDateatdr Systann Fert Segiievpduetor Proprst fpnitaring|Gontrald fited am July 18,
when a gas, liquid or SO|Id conposition is exposed to_
Ppria et o) JoptakiAED: BTV BHEE BRGAR "}/\ﬁvlélf’%ﬁll g ) Plgbtor Tnfiard

RO o e ST A PO, GPPHBS i yoplpl g on My
§1‘(¥2r UF eg%ilffsl o8 de(\(?Il et B3 Pa;lélﬂt'65619h%n°rren0n enabl es

St ion, ﬁpaTlng energy spectra
of vari ous known conp05|t|ons wi th and wit hout
speci fic | R-absorbi ng conponent(s), to obtain an

aREYrRhd BnRéOf 1 1 € or pattern that can be used to
detect the presence of specific | R- absor bi ng

onent n, an, un ddi.ti onal
TREEC DR it Rl R PSR Pl opRRE L P Epbprproces
n dlrectly correlates to the amount of
%Eﬁ$§9g8%%h&hfls absor bed by such conponent(s), and
can be det ermi ned based thereon.[0004] Conventional IR
gas anal yzers depend on grating techniques or prisns
ion into its individual wavel engths

k di
?@%E&§$§B%8 d%ﬁ% showi ng split IR |ights of

wavel engt h
[0003] Most infrared energy-absorbing molecules absorb infrared radiation at discrete energy

levels, so that when a gas, liquid or solid composition is exposed to infrared (IR) radiation of a
broad wavelength range, the infrared energy-absorbing component(s) of that composition will
absorb a portion of the IR light at very specific wavelengths. This phenomenon enables infrared-
based detection, by comparing energy spectra of various known compositions with and without
specific IR-absorbing component(s), to obtain an absorption profile or pattern that can be used to
detect the presence of specific IR-absorbing component(s) in an unknown composition.
Additionally, the concentration of the IR-absorbing component(s) in the composition directly
correlates to the amount of IR light that is absorbed by such component(s), and can be determined

based thereon.



and ). The IR radiation of individual wavel engths

woul d then be introduced into a gas cell by neans of a
wonvsabks7sl it aperture and the IR radiati on oPCThs2004/029383

sel ect ed wavel ength passing through the gas cell would

be detected. Such dispersive IR anal yzers used

T e e —
%tgnggdi‘gi&ﬁng{%ﬁngﬁst (@éétf’[?%\res AR BI4ERinS R G LIRS Stheavelength N,

sorbance rel ations. 005] The principal drawbacks

Al bherr R vaiid6s 61 ihliGigut veRehghy RoBPoEt boRbRES iatb@ gas cell by
the loss of radiation intensity due to nultiple
mehb etd inoratangdit peftnaend ha R tadetion o kheatlettat wdvelsnett mssing through
failure due to msalignnent of the novable parts, the
hogis cathdodd byp Hessciedy Sudh dispersispBeanelyrrst wed elpprania pigeesygemeans to
to the nunber of optical conponents (e.g., nmirrors,
poalste thg it pRertyngyposiiRvithfhe %%égyrlﬁfah?#égﬁewak fggm the detector, and
ac onnodatiqg %h& nungﬁous opti cal conponents used.
POBEBT IS TR ACPTPANE YT R (FT-1R) spectroneters,

i ke di spersive spectroneters, also use broad energy
I R sources. The originally generated IR beamis split
00659 FQriBEATRraABEKADE D bRIvE-BEEMeE dRF:IIRS PeduBmEiES Afetfle loss of
y Sending one of the two beans in and out - of - phase,
HEiafiG iBteRERY ak 18 niltipleqtflechion @ @sfrabmmhe siskusfactalt spstem failure due to
noni tor the location of the novable mrror at al
nisalpAmerAbf the mbvable garta] thherananil songdextty ofdhesperéraméter, apgaratus due to the
sensor conponent of the spectroneter device receives
thgber of owicelt codiponshite 4¢-2dmigeovse lgvat ad rmism gad her spadet tquiggent for
| aser- positioning beam That information is then sent ‘
posorameds s thearmgious Qpliesd FRAFCIIEFSYsi ng a Fouri er
transform al gorithm The energy versus mrror

di spl acenent data is thereby converted into energy
[069E UutiySendfermdB (FEIR) spertrometprs, ik disperive- spgetrometers, also use broad
spectroneters suffer fromsimlar drawbacks as _
enstay IR seacene ThY prignalw emerpted His beapiiy enlit fndhiie bepragreg ep ingerference
spectronmeters. [0007]_ It is therefore_an obj.ect of, the
RGP AR OB ghecyP e T OSSR CUPe LRl Himor. A

h ni the. | ¢ ot . s . ‘
2 VT B LA B T B,
Q%Jc G safdbie ! Nenff EctipBhent SMEN QbR RNRY kd6iv@Mhel d3nvoluted infrared
phot hat which is

otoneter systemthat I's sinple and robust, (
eRSatdth PELRP Wah the 1438 SetsitioninEithm. ThH R&rmAtlon isthéhlstdtho a computer
anot her object of the present invention to provide a
S6Y débdaesluisy/sing MFb@fer Rdmsfoinn@lgorithm, The energy versus mirror displacement data

~3

is thereby converted into energy versus absorbance relationships. Such FT-IR spectrometers suffer

from similar drawbacks as described hereinabove for the conventional dispersive spectrometers.

[0007] It is therefore an object of the present invention to provide an IR photometer system that

minimizes the loss of radiation intensity during transmission of the IR radiation.



sem conduct or process effluent, which is capable of

anal yzi ng conposition of the incomng effluent and
woespoasisvel y nodi fyi ng the operational nobde PCT/US2004/029383

accordingly. [0010] O her objects and advant ages of

the invention will be nore fully apparent fromthe

foBal, 1o & shofhel G 6r RO GresRPRINGAGh &l BbE anIRMHORNeteFsydtel that is

NVENTI ON [ 0011] The present invention in one aspect

EifbRL&Srobdt, ¥hiB R Hl&oNIheebR o RisAResatSyst em adapt ed for

processing of a material therein, in which the system

conprises: a sanpling region for the nmaterial; an

iddf)ﬂ af; ?sdstmg&tﬂér Iy d,-@ct%@ He GRes&P Bt dibe tefoRind, REHENIREN Br abating
ransmt I n

rared radi ation through the sanpling
EcfidoRMictoR plobké SRRnd, @hidels R&JaBIE oLARSLifd okBehitRN df @é InddhgRLleffluent
to receive infrared radiation after the transm ssion
wieepodsivelp hodidfing theopsatiqgubi mgle begidimglyand t o
responsi vely generate output signals correl ative of
concentration of said material; and process contro
means arranged to receive the output signals of the

{9941 nBihen Qe prsadirntagss ot the verdign WU Reapsre iy enpgtent o thy ensuing
ore process conditions in and/or affecting the
ggﬂ?%%ﬁﬁ%%?ﬁ@“ﬁg%@%ss system [0012] Specifically, the
infrared (IR) radiation in such system of the present
invention is transmtted along a transm ssion path

that i s substanti al dynmiiaAREaE TRYINVENTOOR t he i nfrared
radi ati on source and the thernopile detector are

al i gned along the transm ssion path of said

(001 Y] aTledraschit ditviegion inTéne abpeciaelates to anemicawiaor ppwess sfsgm adapted for
the IR radiation mnimzes reflection and refraction
piocessiegoflamatesigli therdin in vlneh tharysterh eqngprigssgni f i cant | y

reduces loss of radiation intensity during

transm ssion. Such_linear .transm ssion path is nmade

avai | abPEIRADE &P fiY G PRETAN of the t her mopil e

detector, which conprises one or nore radiation

filters f Qa8 r@cﬁ&tio}{ %l)ﬁf%et {RARRBEd bhd SrdnBQ b Rrah R ﬁ%br@@ radiation

of a specific wavel engt therefore elIm nating the
requi r enBiles HeQhmpiRPREBE0MBL i Nng the IR radiation
t hr ough
a thermopile detector constructed and arranged to receive infrared radiation after the

transmission thereof through the sampling region and to responsively generate output

signals correlative of concentration of said material; and

process control means arranged to receive the output signals of the thermopile detector
and to responsively control one or more process conditions in and/or affecting the

semiconductor process system.

[0012] Specifically, the infrared (IR) radiation in such system of the present invention is
transmitted along a transmission path that is substantially linear, while both the infrared radiation

source and the thermopile detector are aligned along the transmission path of said infrared



splitting and grating that are essential to the
conventional dispersive and FT-IR spectroneters.

wpQOE3B418nhe | oss of IR radiation intensity canrargs2ie/029383
reduced, either independent fromor in addition to the
use of linear transm ssion path, by providing a

¥ard?P<§1m The Ihﬁ&r m- S mQWmIi tﬁ e Il@ H{dfaﬁ&?mfn }ﬁE sir§ﬂ,ect,ion,and refraction of

I ci ent snooth and reflective, which mnimzes
ARE A Rl A9 %egfo‘ﬁesdlﬁxﬂichzﬁﬂ r&uces A biFfadiAdh ﬁﬂdn&?' doNngStGdMission.
i nner surface of the transm ssion path. Specifically,
SutBhinéah BRIsmSbitd Rfieis ahdd Ralable antaimaiation akdthéropile detector, which
characteri zed by a roughness in a range of from about
ConptiZesrome Rampe radiasion filters Gor rsetedisicly prrmsiétingbthy IR radiatierbefit specific
0.10 mm Ra to about 0.80 nm Ra, and nore Preferabl
vawﬁnabdmrefgref@mmwrrgath@ EaEsBEts fr apnehiomtingshe IR radigtion through
surface aracteri ectjvi
R I SRR R R SRR
from about 92%to about 97% [0014] "Ra" as used
herein refers to the average differences between peaks

ﬁ@% V’f'ﬂel BYSofOfR Adiditnl ﬁféﬁsn}r o 51 b PR, mglnmﬁéb@ndent from or in

teriral 1s subjected Rradiation in the sanpling

h&B oA Ro 1h8 uR BIRGELESsBBSon Fathe By prodi@ihg @irandiRisiGOFE wiSEinner surface
particles or be susceptible to particle formation,

ka4 | shifivignti smootk padort refidativef whiall indhies ahsopptiod ahddisdifation of the IR
radi ati on source or the thernopile detector, which may
radiation by sicly innéri sweere| of thedrhnsmassioh wathmPperifically, lsRh inner surface of the
radiation transmtted therethrough or conpletely block
frsmispigheith sshapetqsiaedby 9 veehagss retapgeed &igm 3 P} G197 6 Kerfo dbout

T pne rﬁr%%ipﬁ»@ esg&?&% R g Aot P Aeniero ey rom
El o&y\? E(S] mpg?ar Orbg ;erneﬂ OQHC%OII;}I #fa@egm%;hﬁmggr%g %ﬁa?ac%%%ed by a

ti'on *Sour c8"ad vve

%&HR vit?ﬂ arrﬁlgé %Moﬁth@%ﬁ@%%ﬂ@?%l Iﬁ'etgl‘é‘lgl? &ba 'ébou@ﬁﬁ/pto about 97%.
purge gas c be passed through porous nedia into the
interfaci al spaces, to forma purge gasflow that noves
PO 4 PEGE bElsed benoBfeksSo Mdayerdgt Qiffereites Bebivde fdakd dn@ Ralleys of a surface
source and the thernopile detector into the sanpling
figegh.on. Alternatively, particle deposit nay be reduced

by providing external thermal energy for heating at

| east a portion of the IR transmi ssion path, so as to
¢00e5it When théymnatamd] isgnielitedrio [Rowdibt@atin the semplilmgregibn 19 d@rosess gas, such

the particle access to the internal surface of the
material miay Sowprisp aetticles or be susceptible to particle formation, resulting in deposition of

particles around the IR radiation source or the thermopile detector, which may in turn significantly
reduce the amount of IR radiation transmitted therethrough or completely block the transmission

path.

[0016] The present invention in such circumstances can be arranged and constructed to utilize a
purge gas for purging the interfacial spaces between the sampling region containing the process gas
and the IR radiation source as well as between the sampling region and the thermopile detector.

Such purge gas can be passed through porous media into the interfacial spaces, to form a purge gas



[0017] The sem conductor process system of the present

i nvention may conprise a scrubber unit for abating a
weoeenismanduct or process effluent from an upstr eRaU/US2004/029383

process unit, with a sanpling region arranged near the

inlet of such scrubber unit, so as to enable analysis

(ﬁt)wttlEEmr eg L.tﬂl?)?ptlglﬁ g%pggﬁ a@ﬁ%ﬁ% ﬁ} é&ﬁtﬂm%{)}ﬁ% ZL&]EIG thermopile detector

scrubber uni y e scr er unit to

BRo HHRSRANHE Y&, ORBARM, FREAE Abieit LRE b6 AIRRA vy i padvidg external

the process gas. [0018] & her aspects, features and

eizha envesytfor Iehtinighelehsd W @oitib06F thé IRl trdnemissim@athidd a¢ to create a thermal

apparent fromthe ensuing disclosure and appended

gtadiemi®r heBRMERhDESER tRETa@idle@pceSHEthDRNaNGE2§e@d 19 jransmission path.

Fi gures A and B show conventi onal nonochromat or

systens for splitting and grating IR radiation. [0020 .
04 dr Ehezseir@mg\f‘%t%?f;ﬁisi systep Blyhe pregenisiayRNE Ry qogprise a scrubber unit

) t | Si i t 1 SS] th.. .
N AR IR AL —
%&ggﬂemj e fgfég drQfkn sgr%%%llllnit!: o3y foeengolé eﬁlal??iiﬁlger&;ﬁdeﬁt béboteYis entry

sem conduct or process system conp
$ft4 WiiRelhe Wathisbeh aYit, NHerd) drdbiin@ hébdrtiberS QI €2 bAREpsively operated
t hernopi | e detector constructed and arranged for
acveldngitiRGodpositioi ithd1@odpds@aess ef fl uent near the inlet
of such scrubber unit, according to one enbodi nent of
the present invention. [0022] Figure 4 is a
1004 8]- ©thercasprcts dbdtwes ot embesimantstof the fitygrtion yill beamae fullF @gpprent from
and silicon tetrafluoride (SiF ) as nmeasured for the
thesewing disslosusapd anpendad d¥mEipst r eam pl asma enhanced
chem cal vapor deposition chanber that is operated

according to a'HﬁﬁEﬁb@ 8R§?Rﬁ?bﬁﬁﬁ§ﬁ@ﬂ%ﬂﬁbsaning

cycl es. [ 0023] Figure i's a grap owng the IR
signal responses neasured for a first transm ssion

PG Ravkdth ARNBEh&S LEORBbS REthchBRSEr s?éﬂélﬁﬁﬁlespliﬁng and grating IR
second ‘transm ssi on path having noderately

eddegibd. opol i shed i nner surface, and a third

transm ssion path having highly el ectropolished inner
surface, at various IR wavel engths. [0024] Figures 6
&9d017Figyre Zpisras prberndtio eviani efng serficandwritas amebasst wsterp rcowprising a linear
systens co risin%,purge_ ) ) i
transmission path for IR radiation, according to one embodiment of the present invention.

[0021] Figure 3 is a schematic view of a semiconductor process system comprising a scrubber unit
having an IR radiation source and a thermopile detector constructed and arranged for analyzing an

incoming process effluent near the inlet of such scrubber unit, according to one embodiment of the

present invention.

[0022] Figure 4 is a time-concentration plot of tetraethyloxysilane (TEOS) and silicon tetrafluoride
(SiF,) as measured for the process effluent from an upstream plasma enhanced chemical vapor

deposition chamber that is operated according to alternative deposition and cleaning cycles.



gas inlets for introducing a purge gas to renove

particles fromthe interfacial spaces between the
weanpling7regi on and the IR source as well as BerTmwsznm4/029383

the sanpling region and the thernopile detector.

[0025] Figure 8 is a perspective view of sem conductor

Eﬁ)gﬂ eﬁ?\ﬁg‘ ¥?st ae%&rpglgﬂcg\g}égs.%?g}ﬁ%{agﬁspgﬁs%s DG S fof @ First R4nShRGon path

e particle-containing

Ha[ e 5ch-@dckbpbBited | findr NQrBRITY 1s89nd BGhSRssiocEfM Lialdng moderately
| PTION OF THE | NVENTI ON, AND PREFERRED
EWIM&JHEB%Q 0 QRf] trahkveisgiinemEinhiaving \heghtyl dietropolished inner
provi des infrared thernopile detector systenms useful
sunfaces ervidays tRiedvelengthisocess nonitoring and control. U S
Pat ent Application No. 10/140,848 filed on May 8, 2002
in the nane of Jose |. Arno is incqrporated herein by
F024) r Bieres § andiTraze pepspyciivg ‘QC‘TScﬂf S%PI“F"“B‘&FF% BLESS SPEHS ?‘]mpﬂémg purge
use rein, the term"sem conduct o roces '
aﬁtlﬂﬁtai RN B3R B BANET PR Lo EPR A e g Bageg between the
[ocessi

P AR b e IR oL by RELAARE e MANEdelh 4d g rermopit
QR&kAtL i ons |nvoIV|ng treatment or processing of
materials used in or produced by a sem conductor
manuf acturing facility, as well as all operations
BR5)i Eiguro8is a parspadtivestdn aiReritdntiuctd ros@miystemndorairding purge gas inlets
manufacturing facility not involving active
fia forfoéngtausheatigof rexeargpd @eunid el padislecronteiining precese effifient in the sampling
process equi pnent, purging of chem cal delivery lines
fegiopr epar ati on for operation, etch cleaning of process
tool chanbers, abatenment of toxic or hazardous gases

fromeffl uent
manuf act uri ng&? ﬁ)g*f@&%gﬁf EI[E H(C;N
t her nopi | e- ba ) g%(& t he

Ld&gén’i"l onre%en f‘mlle%ﬁf 3) O‘)ldgg rlﬁfrﬁ'gda(ti'rlrég%l e;f @dlflé%c# M Rﬁ@l‘ﬂg Cfeful for

exposin terest

ﬁg&mduc?olr §¥09&§ ﬁt%m%ﬁ% aﬁdocohtﬁ)lr Qﬁg bt Ipﬁ&@io@No 10/140,848 filed on

r mopl detector for analyzing the TR radiation as

MagRSPI0b e fle hitheOdiOBse TNRmE Bt ifdokdkatedlheleMt by refSrence ThIEs entirety for all
sanpilng region in the broad practice of the invention

pRYoseOMPri se any

[0027] As used herein, the term A“semiconductor process” is intended to be broadly construed to
include any and all processing and unit operations involved in the manufacture of semiconductor
products, as well as all operations involving treatment or processing of materials used in or
produced by a semiconductor manufacturing facility, as well as all operations carried out in
connection with the semiconductor manufacturing facility not involving active manufacturing
(examples include conditioning of process equipment, purging of chemical delivery lines in
preparation for operation, etch cleaning of process tool chambers, abatement of toxic or hazardous

gases from effluents produced by the semiconductor manufacturing facility, etc.).



sui tabl e conpartnment, passageway or chanber, in which

the material to be analyzed is subjected to passage of
WORodsi0ghs7t her et hrough for the purpose of usi ngCTUS200/R029383

absor bance-determ ned output to generate contro

signal (s) for process nonitoring and control. The

' ot i infrared
81 R B K S ot A s s

Iﬁﬁ‘am}on SO, Pdatnpltls r&didhiTed exgiking B giatehi b iaRickie. 8l ©f 165 @Igas) to IR
'S proportlonal o the incident radiation on the

gebest eid a [IDREle Thiestorofr halydat abd IR sadintipd avy ehsmitted theough the
preferred practice of the present invention nay have a
mutbiial of igtegesty dpe sfmpiiheresinn i tha-breqalainactiest of élteonveutmntmay Eeypprise any
instance, in a dual elenent detector, one of

@w&lmpw@n@émﬁ@g@waw ahaaReTs oy vhighdhsmaeriabo b fﬂ@%?ﬁdé subjected to
R, | whi ch ntiall

BRSO b'@%aa%gou@b%@ o R A o D g et f

gen]graseecén n?ﬁl rgglp Ir!)ce sd c;n‘i?tgrgng an@ Lo nt Tﬁesthg%@]%ﬁdde%é@t&&enerates

en es ener e spec

Q‘EallI \Bﬁ%gse\%en Qﬁ}&&!a tfﬁqggilg(@l heEtQﬁ]ﬁi@ I@%@&ﬂfjﬂeﬁ&e)o Aht aﬁpuft signal of the

particul ar materi e nonitore Conpari son o
tBShoild deREBHS Bopdrionkie i Hlcidad emiafen@rtad ®ecloy t he
reference thernopile detector el enent and those
generated by the thernopile detector active el enent(s)

Bfoi’%j i ’ﬂ%?r{n%ﬂg 8&]&?0?5( Jn'g)idelgﬂn %%? fc!n%HﬁﬂEtlce Bhe fntegégltsm\\/@nﬁ(;ﬁ may have

er no ect or arrays are
ggimfe%éyl !)fyele%}éﬂt% kBdAkBdetebOF urfX 38PiQanch,in & ddkl BEAHR Miector, one of
tector unit, one detector elenment is enployed as a
mefirsasme c@ﬁ&oﬁ Elemdn@NBiuddNg a3refbednes; tseising [TRITRAE B AfaBige in which
utilized for nmeasurenents in different spectra
Eubghiialy nd SRaPlionWrtdre (etg) evagsisugihng 400 sc0.0%sume The second thermopile
directed to a process gas as the material being
deitsfon clement tisocohtRl wislelp Sltérdlint senges [ ¢rjergydn the ersefral eagp of figgerest (such
the invention is applicable to a wide varjiety of

preetEl Fappeciepeadige on Gbprrisaler piepiabe b¢ FoBitAr s %9?@%*3% gifje differences

R e %E’g%‘eﬁé’é{-algsref&e&ce[ﬂlﬁfﬂg‘r}frﬁ‘q T o R o Bogeeemisd oy e
g‘?‘{’{e"al € (? ‘i (ﬁ&)’f) act % ?lﬂ‘ﬁeltn%(é pﬁc[v?dfegg 0%?6&& g%{e%uﬂfm%ﬁt IBeéctzrs IW‘?th up to

m ne 0SS o iation intensit
94%%61311@%6&:&@1”@591&? hr%s tRebEREchily SvailaddS PérRixhidle, BY a 4-e1ement
the transm ssion path"and the optical conponents,
ustedrrad, bR ket Bleddntan@mpldfed| ASS reffrenkRafidthe atthaiing 3 detector
intensity due to absorption by the I R-absorbing
gRinefts @ utlized foit radagsdmefits &f differedspecrahepiensn as LMatcri a
accor di ng

[0030] While the ensuing disclosure is directed to a process gas as the material being subjected to
IR radiation, it will be recognized that the invention is applicable to a wide variety of materials, e.g.,
solids, fluids (liquids and gases), multiphase materials, multicomponent materials, supercritical

media, etc.



to the follow ng equations: total + LlIWaterial [0032]

The thernopile IR detector has a m ni num requirenment
woanostoneisy R radi ati on intensity, in order to PCT/US2004/029383

effectively detect such IR radiation. Therefore, when

the intensity of the IR radiation generated by the IR

i(%? gl\?%rert?tﬁﬁ%srs] 3t HORSH thon n{tgﬁgigﬁaeﬁﬁ%d {oonnl%ﬁl agE oal ﬂldaﬁ'glm%& by both

IS equa o or an a

e mdst oiLIR'remlagBlgﬁfenglﬁ cﬁﬁ&b&y@raﬁ’sﬁ{lﬁﬁﬁ th@ﬁoﬂf e. te!B%rﬂtBn by the transmission

radiation by th ernopile IR detector. On the other

Bandnd Hé BRRallBRPEGROMS, Q& Malid Beteifbs LI ahdha Mo bOIRNGdiation intensity

material of interest directly correlates to and is

dext te rabdotpeich BytherRxabriiag imptariad of intebektgredertad kd hepsxasiivig &), according

the signal strength of the nmeasurenment, which is

esthebdllewingeduatipos:t ant for detection and anal ysis of |ow

concentration | R-absorbing naterials. [0033] The

present invention achi ees e *domss of maxi ni zi ng

while maintaining L at or below a maxinumlimt L , by

reducing or mnimzing L , according to the follow ng
9820 Ts: thirPOFK] IR \Heertort we aInknimani requirement & tthrealRgadistios dntensity, in

through a substantially linear transm ssion path from

oiler PoRIEgively deteds suehelR; tadintinspi Therofpes, abervthe inipnsity pf the By mdiation

amount,_of reflection and refractjon therehetween %

B@gegates py Flaaﬁ SOCR FPTRHTE é?ﬁ’étF‘ttJI“‘r %Tor@#ﬂs LRep ey atfigishbptis equal to

SO TR 1A o o 502 Bk P SR AR PO T T v e

S‘Ilﬁg*rrlc{gﬁ% ﬁlﬁ&ke@t{?f O th@%th@tj Lot sﬁl& tEé &Héeﬁt?atﬁn @f‘l‘ﬂe i s&rgiggﬁllttenal of

e present Invention constructs an
M AP ARS1 EferelafRs (PG A ARBNBRNYOIG o, MBx DRI B YW maximize
and the thernopile detector to provide a substantially
kters@adl strénghofiiis SheadtirdpRhtwhieH is efpecidlly impataht, fobdetestdvid aiflysis of
Figure 2.[0036] Specifically, the system 1 conprises a
$anqhéengption Il-dorbiBg mpieddler abl y a gas sanpling region
having a gas inlet 12 and a gas outlet 14 and
constitutes a part of a fIOM/circuitry for flow of a
process gas therethroug [0037] .The LR radi ation
it lc Ehezesrd inyeriop P@ﬁéﬁ ﬂ%f‘tg%‘r?é MgYigheing v ilg Fintaining Lo at or

%alnB la Imn mum ey otr},o,:lby reducing or minimizing Lp,s, according to the following methods:

[0034] When the IR radiation is transmitted through a substantially linear transmission path from
the IR source to the thermopile detector, with minimum amount of reflectiori and refraction
therebetween, the loss of radiation intensity is effectively reduced in comparison to that of a non-
linear transmission path that requires multiple reflections and refractions of the IR radiation, as

shown in Figures 1A and 1B.

[0035] Therefore, the present invention constructs and arranges the IR radiation source, the
sampling region, and the thermopile detector to provide a substantially linear transmission path for

the IR light, as shown in Figure 2.



Specifically, the IR radiation source 20 conpri ses an
IR emtter 22 and a parabolic mrror 24, for providing

wa 2p@Erakisel beam of IR Iight 2, which is transRCTUS2004/029383
al ong a substantially linear transm ssion path through
the 'gas sanpling region 10. [0038] The thernopile
detector 40 is positioned at the other side of such
gas sanpling region 10 for receiving and anal yzi ng the
[0084] S§Pet Sty R i@t cAGRRs 2 Sl PREIR P, bR feeBlyRCda®damfihg region
conprises an | R detecting el ement 44 havi ng one or
PR o fRs il 112thdN ghaditet1asi8d tinkiitttesSa par ofefl@E titcuidy Yor flow of a
transmtting a portion of the IR radiation of a narrow
prawsd @n telethraagige t hat enconpasses the absorption
wavel ength that is characteristic to the | R-absorbing
conponent (s) of interest in the process gas, so that
t he decrease in output signal generated_b

h .
t0R&H nbisi IReradiation sowes PY) i B 4 5t FES 4F iR 25 fempling rogion 10,
PR e BBk Opuby s BieeRhe RESRUL0 O TRRAER) fber 2 v

light b i f q f . .
| G ARG, B 2, RISk 800 B,
%ﬁrtsglfsglm pathItou Sthe'@ﬁa:n‘ﬁﬂ%qemyl of urther include a

tiplicity of absorber areas, including reference
(unfiltered) absorber and gas-filtered absorber
regions, with the latter filters being gas-specific
foos8]sEiRShaigoile dethaorsiOrs pwitiduscdtad the gthsieddecf sgghgas sampling region 10
conponents of interest (e.g., arsine, phosphine, _
6pe raveiming ansitapddyzing thediagmiitiddR ligly bpasn elhe hatyeopilg dptegigr 40 comprises an
silanes, chlorine, brom ne, organonetallic precursor _
W seiecting tedempent §Hdadine Tise oy %resgﬂmfﬂdraﬁ@l badi s figgers for selectively
separated fromthe IR radiafion source 20 and the
ERBO 1 BoiGh BRI A Phe SRFRL ATl R 4 Sppgmpasies the
2 ich formnpart e, | ] SS| . .
BB AT s Rl o, B TS BIR SRR ot et n e
E)Q@esg Egis,rs@ Hafnb Qa3 QUA Glﬁ'%lg Qghal cRers®@b LS HRETBPileH Hitddtly related to
conprises a weld connector 34 that i's detachably an
BR Abi@ bHin EREINB kRN byptht EtredpBndidChiompdnSiit(sp Guit€rest OPrefrably but not
spacer 35 and Orings 36. Simlarly, the interfacia
agaseiliazhd R Lighh baat & docugdtbpe fotvsingrizps K2 befet eatbrdng tHOIR detecting
a seal ed manner, which conprises a weld connector 54
thaenti44. dBeabimabdily datecorseni #smygénjionsd ey clindlepr tinsludp @ muyltiplicity of
radi ati on source by a spacer 55 and Orjings 56. Such
wespihercasnap decluging seferensel (@glt%eﬁ) Rbseryprsng gas-filtrred pbsprberdpgiqye, with the

mat eri al s, and t her fore,f0{£1angoréion of the IR .
latter filters being gas-specific for sensing of the semiconductor gases or gas components of interest

(e.g., arsine, phosphine, germane, stibine, distibine, silane, substituted silanes, chlorine, bromine,

organometallic precursor vapor, etc.).

[0039] The gas sampling region 10 is separated from the IR radiation source 20 and the thermopile
detector 40 by interfacial spaces 32 and 52, which form parts of the IR transmission path.

Preferably, the interfacial space 32 is connected to the IR radiation source 20 in a sealed manner,



transm ssion path. [0040] The linear transm ssion path

of the IR radi ation reduces unnecessary | oss of
woadisas#en i ntensity. In addition, connection BETWS24/029383

the IR source, the gas sanpling region, and the

thernopil e detector is sinple and robust, providing a

st 4o ﬁ{pﬁg& awafa'chmfe&&tsa rmams dé@c‘ﬂatﬁ{r Lﬂd%ﬁlngly b&RbRI3OBER radiation

agal nst m sal I gnment . an” i ntegrated

&)'ulrcg% t, PARF 95 Grid Gﬁﬁﬁg@% pSi%thl'l)O ﬁ@m&ﬁ‘a‘&dﬁ @pdch 82 is connected to the
ernDplle detector 40, for inmediately receiving

ﬂibﬁﬂ@pﬂe dete@r6240Sin b B nlagnet, ndicoiprRestotdC tontiecthd 54 tha iadstachably

to further reduce the footprint and m nim ze signha

indsssaliiple comertedrivt the T rdation e by ROHREr fnangin@-rings 56. Such weld

illustrative enbodi nent of the invention, the

¢cnaacten it bnd ddp@cpwpriss IR reparest watpridlsand thtefosnfopm a pertigmef the IR

t ool controller for an abatenment unit for treating

fpneraieden Retl¥ | yent produced in a seni conduct or

manuf acturi ng operation, or other industrial process.

For such purpose, the thernopil e detector system

@gX(ﬁnthQﬁlgﬂs&aXsﬂn er % a%llt{ tﬁg II@tracﬁeJﬁgn 'rJ&lh&E uﬁliecésgb?y loss of radiation

ement unit bat ement apparatus recei ves
InRGsi§f f Inugdattioh, Ocotﬁﬁecﬁcfneﬁett\%in the 118 WelhceS eV ks amplh@ region, and the
thermopi | e det'ector systemis used to sense whether or
{herkmopile BRI 8 RinfpR0indt dobust, Gedvitinl £ Sufffibienteshfall Ufestprint and efficient
active onstreamoperation, is in an active operating
resistence againad rhisaligabant/el y whet her or not the upstream
tool is in a non-effluent-producing state, e.g.,
under goi ng purging or cleaning. The thernnpile

detector unit, by way of specific exa s usef,
SRl ks A B gy wwaweﬂ]@?hnr Sffmopis derotor 4,

Bhapa S B e s o s i ko A e % e reduce e
0t her d Qr rms the scrubber

#0 nmaﬁRQmmﬁ¥¢$%§ﬁh 8$%¥§ &gﬁﬁgﬁgég the efficiency of

t he scrubber, allow ng conservation of resources

(I ower consumabl es) to be achieved. [0043] Figure 3

F009Y)SIn@dnSBIEHREHBEHhenpsABL SRS the therhidPilcie@ptod systéngis atilized as

scrubber unit 140 having a gas inlet 142 and a gas

anl bbaiimedtdibol dntrdller §olan cbatdDt amitd fon tichtog poeds effhentarodvred in a

130 are provided at both sides of a %as sanpl i ng

seagj¢onduciot Onagafagturingeongetion;, i eqthey 4gdugifialspreqesss c Fa sk purpose, the

unit 140, for
thermopile detector system advantageously is installed at the inlet of the abatement unit, where the

abatement apparatus receives the effluent to be treated. In such service, the thermopile detector
system is used to sense whether or not an upstream tool that generates the effluent in active on-
stream operation, is in an active operating mode, or alternatively whether or not the upstream tool is
in a non-effluent-producing state, e.g., undergoing purging or cleaning. The thermopile detector
unit, by way of specific example, is usefully employed as an abatement tool controller for an

effluent scrubber, such as a wet/dry scrubber or a thermal scrubber, whereby the presence of the
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anal yzing the conposition of the effluent flowed into

the scrubber. The output signal generated by the
woheosmopisi e det ector 130 is forwarded through PCT/US2004/029383

transm ssion line 152 to a mcrocontroller 150. The

m crocontrol ler 150 is connected to the scrubbing

quﬁiog QUi %g%%éﬂa%ﬁw Bis RARGHeY %{t?/ aoQnkipt &@b& ATRMBEces the

|ng preferably f wat er,

CEABIEACS @f th@ﬂgibt)érVa@l&}/m% Bohservatidn of&i%éur&e@ @low&ﬁbﬂsuﬁﬂﬁé@f td b&ighieved.
to the conposition of the effluent as neasured. [0044]

Vari ous abat abl e conponents in the effluent, including

but not limted to, tetraethyl oxysilane, silane,

HI0M3] clBgre B shoms b swri¢aidyctos piopasbiyster rw(aqmqpngnaﬁ sgalhlpeé unit 140 having
conpounds, boranes, arsenic hydride, Ehos

hyerigeidA2 fuid pose enlet Fy Spilkhy éoum@l}%%ldéﬁ HEGRAlE |df1t6°rt9rdé0 are provided
hydrogen chl ori de, chlorgﬁ tjtani, nhhgﬂf Ioré 1mﬁ]40 for

pehoth §5F GF 2 eroePling gy, ' gay

b
f’l}?é’%ﬁ%&e I ‘%%?8?18%{’1%?3 eg})llusepem s X’lic%tge &:?ui‘){ééeéﬁ?ge ) uE ilgnal generated by
ﬁ\g %e%«%ﬂ@ ldetg‘c(?&sl% ) fogﬁgﬁd ﬂl?ou%ﬁ %rsﬁﬁglbﬁ ﬁ:nesﬁa 04 ?mcr(woﬁ)tygller 150.

Sensors, pressure tr ucers, travi ol et
FRE Gl RBRIAES 1508 LI REL fof ﬂié@&r@lfb&g BEEne k&edes Q6 @R fdfonsively
sensors, may be provided for further neasuring the
fdj@w thebBoungeSscRbbiOBtdid @refaidly felnwated, tal dherical additives) 162, 164,
pressure, and tenperature of the effluent, so as to
aid 166/inpairac@siiqridthe gorapitiot aftheefflutnt i4meagped: at i onal node
of the scrubber unit. [0045] The IR thernopile
detector system of the present invention nay be used
anal yze the effluent gas species en1tt d froma

bQOé@n%ar@ﬂh aﬂ’@@ﬁlecﬁ%‘}’ﬁ"%}%ﬂts VApS¥ FEpEY; tl r(aoéﬁ/wot limited to,

egfu%ﬁgrgqx \Mgﬁnf asrllhcoxa ?%%orlde 1%Sn- toﬁ a1n1 0 I’%? cgﬁlg%utx)lds boranes,
%@Mﬁﬂdeb X%)HI?H I{égh}%ho': el‘f"ﬁ&oﬁﬁe, %ﬁ&lﬁe g&%@éﬁ Léxgﬁluoﬁ)fé: Ih?drogen chloride,

ore dep03|t|on cles

gﬁgrﬁﬁt Hanief stétﬁﬂﬁl&ﬁ@s%ﬁﬁrdcﬁﬁonﬁ Etrouk | AR, C&GH&M &Y dréden, oxygen,
of TECS in the deposition ef f I uent . Durlng

4dad, aed Badfuin) Giaf beaniyh@ Withd ®srmopileedeteRofl Bisefit diitheSpt &t Hvention.
measures the Si F concentration. Measurenents obtained
yiditibrel bdrsoale tsedht a1 ternyesterensahisnrs, ripwt deasozsl pressuwt trangfucers, ultraviolet
deposi tion/cleaning cycles are provided in Figure 4.
Fieetrdmefens; meesy enscteanicterse ed) elogirophvmicRsqaprst, ghayt leer prewifedper further
used to adjust the settings of the downstream scrubber
saspringothe £l9%t Bfsp 83 (OFPSHitoR ageh gonsprtration, pressure, and temperature of the

effluent, so as to allow corresponding adjustment of the operational mode of the scrubber unit.

[0045] The IR thermopile detector system of the present invention may be used to analyze the
effluent gas species emitted from a plasma enhanced chemical vapor deposition (PECVD) chamber,
in which SiO, films are deposited using tetraethyloxysilane (TEOS) and which performs chamber
cleaning by using SiF, after each deposition cycle. Therefore, during the deposition cycles, the IR

detector system measures the real-time concentration of TEOS in the deposition effluent. During
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[0046] For further reduce the IR radiation |loss (L h)
during the transm ssion, a transm ssion path with a
weoenstoa4i1sref | ecti ve i nner face is provided, whPC/US2004/029383
m nimze the absorption and dissipation of IR

radi ation by the surface of such transm ssion path.

4bfihg MBI 3l tRaMRAUeRetor it Bkdsi@s thé 8PS EnSchtr@ion PRledburements
is provided, longer path |l ength can be provided for

FhAined FitigRidaectadsgaenpiiiring the bltdridtingdbpasitioptaletming dyeles are provided in
| R-absor bi ng conponents of interest (i.e., which is

Fepedi dhk nformptontcaliected by the R photdanetsk yanrbe aisadrté arjusk trpysettings of the
concentration | R-absorbing conponents. [0048]

BewisEpagcyibbes yrHor ghptamens of FEQSand $iFyhe transni ssi on

path is characterized by a roughness in a range of

from about 0.012 nmRa to about 1.80 nm Ra, nore

BTt L F AL b R A R s e
Qi Q Smtﬁeﬂe% t}ndepﬂ@er 1s %i-brvfd@d: %vh{zﬁ}‘ml{nﬂfz& hen béaif%tl%m and dissipation of

characterized by a reflectivity in a range o rom

a RufationBYaeQuide o bt suS A msrkseh @bl y from about 92%to
about 97% Such snooth, reflective inner surface nay

be provi ded by electropollshlng or super polishing

techni ques. [0049] Figure 5 shows the IR signa

(@94 o e susk amooths dreflagtiveatrdnsmissiont pathnis ipreygied oneat peth length can be
havi ng nonel ectropol i shed inner surface, a second

Proxig OE@W@WZEaﬂW ah%)mtlﬁlg ofrFBdwaé%Px/th@ Retbsprbing Fouiqaepts of interest
|nner su face ans ssi an ath havi.n

S seerert e

g PR HP YSIH‘E%F‘ Bt egtu/,e AW %PP?"B‘EF?“P -absorbing

mavelen ths (Channel 2 3.88mm Channel 4 = 4.65 mm
HH’Eﬂ%hnel = 4.2 nn). The path length for each

transm ssi on path is the sane, and the sane IR source

and thernopile detector are used. 12The neasurenent

S Sl 58 s
S QB e e BREE  & n RR RS BREY g gpogt 40 om Ra o
Eﬁ{u{ bg’é E n R, ehgré tgg&g‘r%l& i aﬁ&h EL (ﬂaq§ akfog{ 3 ;’LrR E n?ﬁ[ch inner

orm pa Its ansm ssi on pat

tsaacé Ray Afhabt aﬁractemea By wréﬂectaw ﬁlrepraﬁég%f B a8 8d% R about 99%,
d significantly reduces the radiation intensity of
tph:&rdb@ fecnelabatii 0 th BBYAS MMi%.t 8Gkh smooth, reflective inner surface may be provided

by electropolishing or super polishing techniques.

[0049] Figure 5 shows the IR signal responses measured for a first transmission path having non-
electropolished inner surface, a second transmission path having moderately electropolished inner
surface, and a third transmission path having highly electropolished inner surface, at various IR
wavelengths (Channel 2 = 3.88um, Channel 4 = 4.65 um, and Channel 5 =4.2 ym). The path length

for each transmission path is the same, and the same IR source and thermopile detector are used.
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[0051] The present invention therefore provides a
purge gas near the interfacial spaces between the gas
weanpling7regi on and the IR source as well as BerTmwsznm4/029383
the gas sanpling region and the thernopile detector.
The purge gas flow provides a sufficient force to
fﬁgﬁ?e rdnfdf DR 1h&1:a?e A8 BRI BM@Yd é&xgﬁbsﬁcﬁ%ath ovfdbl &h stronger
ernopl | e detector, so as to prevent such
%ﬁi sltrexlg@ﬁhafnrtmbf i xﬁdsd‘e@felmhma indtnB@palisied GrbasRiksipl LRSS .
052] Figure 6 shows a gas sanpling region 210 having
an inlet 212 and an outlet 214 for flow ng a
[0650] i Rrbcess@avthaticoritainy pprticleeerds syseoptibio pmrlestfbm@wgmayﬁwn particle
I R source 220 is positioned at_one side of such
deapsith plong the dieesmmission pafh ef fhe IR sestiaion ridherillRburh By 9%Fﬁdlat1°n and
interfacial space 232 il thernmopi |l e getector 240
?1@1%6@}3’??"6‘&"@ (9165%‘1“1“%1“%{‘%@ r°f g‘f’ ﬁ%’a@)‘f‘tmg EHYRE sanpl i ng
region 210 and is isolated therefromby an interfacial

E%B?li e%h% gr nﬁnpelﬂ{l&e[h%%‘gre ﬁﬁ)%ldkéséazdu?%e :%Qﬂfég‘rqge ih@&é%ia? HJQ&S between the

aces m a purge gas source
%ars] %Emﬁh@vi’@gwn Qt{delfh@ rIﬂ Qt)l)’rcé B QEERs BedOnOMS oHE SinliKdrbgion and the
or formng an uniformflow of purge gas that noves
Avwbpild Rt eThk FurgOghs E6w 22N dasdsutiitent foRE PP the particle deposits
detector 240 toward the gas sanpling region 210. Such
iwawiranh tiRUIR)eougrasantl hd Hermogian detediars sov ac toupreeent susk particles from
dead- end spaces near the IR source 220 and the
inteefenngpiithéhedieteetion oroc@6l0, so as to force the particle
deposits out of such dead-end spaces and di scharge

[?Oggﬁ o?g:%g?)%‘f’r:"??r ors‘?ﬂi‘ﬁg %glio{},; él%ggl in : h%ﬁ%q? R ragglltieggm for flowing
%iparrg contalntuﬁ a{)trocgs% ggs E%ge%on\%ﬁ Aﬁ"i‘lg (ﬁﬂ?(t% 2% Q%ﬁﬁ‘oned at one side of

I'S SU stanti para

cﬁ’%gsséaﬁ? ﬁelgfaﬂv 21030 ﬁ%@latéd‘th@eﬁ% &yOm ﬁ‘i@ff&'ihl 58 232, while 2
oug

such intertacial spaceS into the gas
HRmRbild8ktdeRE AN sbltidndd at Mk @6t §i@Noft eH gds Ssampllng region 210 and is
substantially perpendicular to the process gas flow.
300 héiefrbrh gy ireinirisdud whca52alAt wrgeabs 262 ivinbaiitedsnd swh interfacial
the present invention, in which the purge gas is
bmatas G3IaE@S2 fivw atpuege igast sowta@tadhowp apreferady threngh) 2 Borpus mpedia 264,
a direction that is substantially perpendicular to the
fr derming ayauniforma fow i peree\ees et BAEs At fomhe iR s 220°and the

spaces al ong the s
thgrmoplle detectog 240 towardn%e gas sampling region 210. Such flow of purge gas further

generates vacuum at the dead-end spaces near the IR source 220 and the thermopile detector 240, so
as to force the particle deposits out of such dead-end spaces and discharge same into the process gas

flow in the gas sampling region 210,

[0053] The purge gas may be introduced into the interfacial spaces 232 and 252 along a direction
that is substantially parallel to the process gas flow, as shown in Figure 6, which then flows through
such interfacial spaces into the gas sampling region 210 in a direction that is substantially

perpendicular to the process gas flow.
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direction into to the gas sanpling region 210. [0055]
Further, the purge gas nmay be provided to forma gas
wehew@tod4sar r oundi ng the process gas flow, S0 aBCTWS2004/029383
prevent particles fromescaping fromthe gas sanpling
region. Specifically, Figure 8 shows a purge gas 362
to0sd) B"‘iFﬁré‘ﬂ? sidws 3R Alttrfivesdidadiferd 66tha prostAtintdion, in which the purge gas
particl e-containing process gas flow. Such purge gas
issinfrbdnesd it tike dhiterfacibli gpaces N3 ard 82nid weditectivint thatt f3esubstantially
process gas flow and is therefore discharged of the
paendiawhp] to e preggisogas 4109 and Jewvhthrough sush tiierfapiplotpacss algagsthe same
0056] Alternatively, external heating devices can be
esterciaig t¢ the 2as sammlingregien 1@ast a portion of the IR
transm ssion path (including the IR transm ssion

Ho36) Mo, 7R i R oS 28 Rt iefor B 1Bk SRR AnaRE s GRcoss s

Ion preven S

pﬁg,%% 3 eag,re@&sé mpgfﬁa&sflo&ﬂ é@%pﬂl? flofgnd gt ﬁ@%%é%{gﬁé agBcifdally, Figure 8

'R transni ssi on pat 0057] “Al
5HAWE Bhin@0 3382 DRSO af hiddB} sheath 565 B84 thB BABEIE cOMaliding process gas
reference to illustrative enbodi mrents and features, it
Yibw. She papiereacis dloeed fnhadiretitva tiearixomnfiient wittauhe pfoest paseow and is
descri bed herei nabove are not intended to I[imt the
ihanefond dighgrgeanditht batsamgilingregivm s 10abgethaswithtbaprbdessagps. ons
and ot her enbodi nents will suggest thenselves to those
of ordinary skill in the art. The invention therefore
[0958]0ARR2n AN Ckt¥m B B&IE USkbes &AME bRvided foMhdatingtah Rast b @briiBn of the

ereafter set forth. 14THE CLAIMS What is clained is:
R trésmdbrogitdiireiudihg fhe R easmiyisd eimlevdy o ediofgarerate a thermal gradient
processing of a material therein, said system
coeptr flugj wigieh fanctiangsb prevent thg puticlésdront deeesying and ideftositinghon the internal
infrared radiation source constructed and arranged to
srfapasofithe IR frppsiseign paHi at i on t hr ough t he sanpling
region; a thernopile detector constructed and arranged
to receive infrared radiation after the

[0057] Although the invention has been variously disclosed herein with reference to illustrative

embodiments and features, it will be appreciated that the embodiments and features described
hereinabove are not intended to limit the invention, and that other variations, modifications and
other embodiments will suggest themselves to those of ordinary skill in the art. The invention

therefore is to be broadly construed, consistent with the claims hereafter set forth.
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transm ssion thereof through the sanpling region and
to responsively generate output signals correl ative of
weabw/osaser i al ; and process control neans arr aRQEMSE@®4/029383

receive the output signals of the thernopile detector

and to responsively control one or nore process

conditions in and/or affefﬁ%gﬂ%Pﬁg sem conduct or

process system wherein red radiation is

transmtted along a transm ssion path that is

substantially linear, and wherein said infrared

&ﬁ?iat'ondsqurce and said thernopile detector are
WR&HF™Mi9¥g the transmission path of said infrared

radi ati on. 2. The sem conductor process system of

claim1, wherein the thernopile detector conprises an

itnf r ap Qehit @b PReRANEEnPRIESed fof pretesditpadr aSRh@al thit6ih Ysaid system

transmits at |east a portion of the infrared radiation

char acin@risigged by a predet ernm ned wavel ength range, and

wherei n said predeterm ned wavel ength range

enconpasses an absorption wavel ength that is

char act esiaplingregign f5fhg maigtidr i al . 153. The

sem conduct or process systemof claim1l, wherein said

infrared radiatian. | lic i N
For pr odt A St CARE PR SRS PErBRLa o ik fadation

infrared radj ati o . 8. senm conductor process
systen1of‘%ﬁggﬂ$%£mﬁﬁ§f%?h’said t hernmopi | e det ect or
conprises a focusing lens for focusing the

subst antyitrhdpilp Aetadtdr&donddaaEd At atrhiged te@cdiv@dhipdrdddadiation after the
after the transm ssion thereof through the sanpling

regi on. 5.trahingsstoantheresfdhrotghr thi soapdiss repyomt @ tofrespbrmively generate
1, wherein said sanpling region is substantially

i sol at ed faqutpr signald correlative o dai¢ meleréliianh source and sai d
thernopil e detector. 6. The sem conductor process

systemof claiml1, wherein said sanpling region _
conpr i s89°FS FAP! B0t g et e i Pyt el 35‘1?16 theopileyletector
process gaa%d Itosregplogmv\lleegy' control one or more process conditions in and/or affecting the

semiconductor process system,

wherein said infrared radiation is transmitted along a transmission path that is substantially
linear, and wherein said infrared radiation source and said thermopile detector are aligned

along the transmission path of said infrared radiation.

2. The semiconductor process system of claim 1, wherein the thermopile detector comprises
an infrared radiation band pass filter that selectively transmits at least a portion of the
infrared radiation characterized by a predetermined wavelength range, and wherein said
predetermined wavelength range encompasses an absorption wavelength that is

characteristic to said material.
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7. The sem conductor process system of claim6,

wherein the infrared radiation is transmtted through
weabwd/saispl i ng region in a direction that is PCT/US2004/029383

substantially perpendicular to the direction of the

process gas flowed therethrough. 8 The sem conduct or

pr oceﬁﬁ SURLERO pobedd Hsbm YNQLRI 1) WRleth RiPERERA radiation source
control means conprises an integrated circuit board

that dofipAdet angesholid nlirforedi @foRidsie O albst@RRY \phiiallel beam of infrared
relationship wth said thernopile detector for

m ni niadibteg. si gnal | oss during signal transm ssion. 9.

The sem conduct or process system of claim8, wherein

said integrated circuit board is positioned adjacent

fo salh serpigandisir Peocere BsEmAf clain, Whesen sidepprily detegtor comprises 2
process systemof claim6, conprisi an abatenent .

Ui ¢ POFLIEE Figouemg ARt b GBLNARE of Oaie] aiaion afer the
process _gas subseguent.fo its in an upstream unit

of thtéaniygstloé%weé%@mu etP %?aﬁnpfé%rgg%%anpl ing region is
constructed and arranged for obtaining a sanple of

sai d YQeRSsdBAT pRRED ERtemlod cIBIRL I, Whiréth Shid ABpAIRAE LB ubstantially
unit. 1611. The Sem conductor process system of claim

10, whk@itel fonsaiddnfebaliradi®idh sdufte bndosaidiiictfopile df@tonr NMor e

scrubbers selected fromthe group consisting of dry

scrubbers, wet scrubbers, and thernal scrubbers. 12. .

Fhe sHrisewicehduttorrprepescusien of daimnh, wherein spidrsapgplingifegior cpmprises 2

sai d process gas conpri ses._one or nore, conponent

sel echag@! the SaV ety taReh obich A BTorgigeas fs flowed.

tetraet hyl oxysil ane, silane, silicon tetrafluoride,
ilican-contalining or i C o . 2N .

R B R e S

t ungsmﬂgh St dn) Bhs g%ionhi}{da[ QAL R0 BhOfs! Qﬁstmﬁﬁiyoﬁérﬂéﬁdiculm to the

titaniumtetrachloride, perfluorocarbons, nitrous

OXi degireBBARMIhb PlocdIy £hs AEEA thedteRA, argon, and helium

13. The sem conductor process system of claim 10,

further conprising one or nore tenperature

8. The semiconductor process system of claim 1, wherein said process control means

comprises an integrated circuit board that is arranged in immediate signal receiving
relationship with said thermopile detector for minimizing signal loss during signal

transmission.

9. The semiconductor process system of claim 8, wherein said integrated circuit board is

positioned adjacent to said thermopile detector.

10. The semiconductor process system of claim 6, comprising an abatement unit for abating at
least one component of said process gas subsequent to its use in an upstream unit of the
system, and wherein said sampling region is constructed and arranged for obtaining a

sample of said process gas before its entry into the abatement unit.
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sensors, flow sensors, and chem cal sensors for

nmeasuring the progress gas before its entry into said
wahetis@seist unit. 14. The sem conductor processPEYAISEIoH/029383

of claim 13, conprising one or nore chem cal sensors

selected fromthe group consisting of ultraviolet

t . i cal.
ypec f&%ﬁB@ﬁW&eﬁ Rt BTRES E wnde] s§h %Ie&%?&ﬁﬂdg?}%ses one

sensors. e sem conductor process system o

10, vwheh& s sHRR1ch BRMRY Q6HIDnsiRh 1‘%1_%;{: Rid scrubbers, and
chenicaI&tgggP&deposition gﬁanber. f%? e BRES, ot

sem coaeidcdcabbay, ocess system of claim 10, wherein the
upstream process unit conprises a plasna enhanced

chem cal vapor deposition chanber. 17. The

dami cBecawicordugeroessss sydjest efiplain 16| whenginBaid pygkess edsigomprises one or
process control neans controls the_ abatenent unjt

accor @PH Foreene deleripdfipm e greup songishingrod tdigethyjoxptilane, silane, silicon
t her ile.detector. .18. A sem con tor proce . .
et o Srdee AP G LB S bR b ISR, Phosphine,

R N

i
adi at1 on so cons

and affaRgRek, HahdaRDBhst nitbhy AiRJdahatiRl, iH9@odd! QYEA. argon, and
the sanpling region; a thernopile detector constructe

and agdliamged to receive infrared radiation after the
transm ssion thereof through the sanpling region and

to responsively generate output signals correlative of

$3i d Heetsemiceriducterpebegss exstemot elaint YOofurthas apreprising amregpe thotedemperature

receive the output signals of the thernopile detector

and t BNYoEs By S0, W%‘%?ﬁuﬁ% Isengere fop pegppiing the Rypgaess gas before its entry
conditions jn and/ or affecting the sem conductor

pr oc el s& abatsmenthnily oi n said infrared radiation is
transmtted along a transm ssion path that conprises

38 The semiconductor process system of claim 13, comprising one or more chemical sensors
selected from the group consisting of ultraviolet spectrometers, mass spectrometers, and

electrochemical sensors.

15. The semiconductor process system of claim 10, wherein the upstream process unit

comprises a chemical vapor deposition chamber.

16. The semiconductor pfocess system of claim 10, wherein the upstream process unit

comprises a plasma enhanced chemical vapor deposition chamber.

17. The semiconductor process system of claim 10, wherein the process control means controls

the abatement unit according to the output signals generated by the thermopile detector.

18. A semiconductor process system adapted for processing of a material therein, said system

comprising;
a sampling region for the material;
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i nner surface characterized by a roughness in a range

of fromabout 0.012 mn Ra to about 1.80 mmRa. 19. A
weenismanduct or process system accordi ng to cl aPar/a82004/029383

wherein said inner surface is characterized by a

roughness in a range of fromabout 0.10 nm Ra to about

0. 80 MM R&faRd radhtiof RhFRNBEEGE] RIdOSRSSdSY HafHhit infrared radiation

according to claim 18, wherein said inner surface is

char act er itz66bhi®e sanfldgedaioess in a range of from about

0.10 nmm Ra to about 0.20 nm Ra. 21. A sem conduct or

process system according to claim18, wherein said

i nner  sarffeanwile detator tepusiruciddAng errengpdz i9credsiye dnfrared radiation after the

reflectivity in a range of from about 70% to about,

09% 22 ARSTHOBERIY SOy e S8nPLYS, Fe8iop 8¢ P dFSPRpSiyy generate

cl aim 18, mhereiq sai .in?er S rf_cgiis further

char act er i W®H $Ep2ls Cqrstive o 7aid ??L}erfaﬂ  range of from

about 92%to about 97% 23. A sem conductor process

system k{&&lﬁywnﬁa hda@WrGhde8 W bdeWe RIouPhQSRSS bite bmBpile detector
material therein, said systemconprising: a sanpling

regi on f oran§ ReredfBhislely@brtrol S@br midtd R6REk domkick irCdd/or affecting the
source constructed and arranged to transmt infrared

radi at i on skhicoidgdiortpheeess &3l Ng regi on; a thernopile
detector constructed and arranged to receive infrared

radi ation after the transm ssion thereof through the

sanpl Whegein exid fraradh srdiationyis fpnswitied eloge ybipremissien Pl hgjrcomprises an |

signals correlative of said material; and praoce
cont r 7T fKRs chaprtarigd Y ¢ EPUplEEsiiy R raelﬁeeofg‘{%%f’uti’r@ﬁ fpdRa to about
of thfsigﬁggnpile detector and to responsively contro
one or ‘process conditions in and/or affecting the
I sem conductor process system wherein said sanpling
[ ﬁ@g' OR égﬁicblﬁﬂ!:t@it ficely Qe AcsbrdinY fAEIRE 182 WhdleinORAidSiBAHE Geiface is
and sai
characterized by a roughness in a range of from about 0.10 gm Ra to about 0.80 um Ra.

20, A semiconductor process system according to claim 18, wherein said inner surface is

characterized by a roughness in a range of from about 0.10 um Ra to about 0.20 um Ra.

21. A semiconductor process system according to claim 18, wherein said inner surface is

further characterized by a reflectivity in a range of from about 70% to about 99%.

22. A semiconductor process system according to claim 18, wherein said inner surface is

further characterized by a reflectivity in a range of from about 92% to about 97%.

23, A semiconductor process system including flow circuitry for processing of a material

therein, said system comprising:

a sampling region for the material;
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thernopil e detector with interfacial spaces

t her ebet ween, and wherein a purge gas is provided at
weoeabd/saser f aci al spaces for renoving particl eBCT/US2004/029383

contai ned by said material and preventing particle

deposition thereat. 24. The sem conductor process

system gf infh8d MaBon Soifck REHstrERIAPIY SirBthe® RE rfsm{Biiffired radiation

purge gas sources arranged in fluid conmmunication with

sai d i nt epf@gh Bk sapisesgbagr flow ng the purge gas

t hrough said interfacial spaces into the gas sanpling

region. 25. The sem conductor process system of claim

24, whes thiemnopidd dbtastoe canstrustse @nrrageedge secaiye indigrgd radiation after the

conprise one or nore porous nedia, through which t_h?

pur ge gas TRRSIiSEIER é‘!ffeﬁg fhsqugh thessagipbing regip gng fppresponsively generate

interfacial spaces. 26, The.sem conductor process
syst em of “EPYSIE 4°,°“§\Jiﬂtévre8F Sﬁ“@%ﬁte&a‘g ling region
conprises a part of the flow circuitry through which a

proces S%rg%§s Joﬁtr{1 L QU %m&%o\i‘a%@{hg |o§t9ﬁt Qigﬁan@&f%l%el&haﬁ&pﬂe detector

contain articles or 1's susceptible to particle

for mat i 0N an@if.reshhifdivelR AorkONEH G Dbre[PidRER S6ndtIEE AMMDE: affecting the
claim 26, wherein sald purge gas flows through said

i nt erfaci admisqnands proddsosystamd sanpling region in a
direction that is away fromthe infrared 19radi ati on
source or the thernopile detector, and is subsequently )
di schehersindsaid exmpling epgion riplisoliyd o s fiprgd (rprltatign geneesand said
gas flowcircuitry. 28. The sem ﬁo%}%uctor Qr‘ﬁ%ess .
syst ehsrepile| deferton ith {pferfasiah sragss Fggehelirety A8 SHER 2 PHjeg 82
interfacjal spaces.i.n a directian substant.i.al : .
par al Hr‘%ﬂ“leﬁ gt faﬁcgirngﬁffm{f KB %f: &8 §Vné%g"$$eosvﬁon%l H%d %’I Bidmaterial and
hr 0Ugh 3k Garkill 84k Hapaces Into said sanpiing
regionin EPHI Y ecE on subst anti al | y perpendicular to

that of the process gas flow 29. The sem conduct or

Pf OCERS seiisdrAMiepréctaisyiedi/of il RE ifiithsBdothppsififéhe @AMore purge gas
enters and flows through said interfacial spaces in a

di r ecdoinOs agrtiyed mnfvidddnynupiestioe mith said aterthaal tshraes fof flavieg the purge

process gas flow _
gas through said interfacial spaces into the gas sampling region.

25. The semiconductor process system of claim 24, wherein said one or more purge gas sources
comprise one or more porous media, through which the purge gas is passed before its entry

into the interfacial spaces.

26. The semiconductor process system of claim 24, wherein said sampling region comprises a
part of the flow circuitry through which a process gas is flowed, and wherein said process

gas contains particles or is susceptible to particle formation.

27. The semiconductor process system of claim 26, wherein said purge gas flows through said

interfacial spaces into said sampling region in a direction that is away from the infrared
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30. The sem conductor process system of claim 23,

further conprising one or nore purge gas sources
wano@nged7i n fl uid conmuni cation with said i nt ectaszmh/029383

spaces for providing one or nore sheaths of purge gas

that surround the sanpling region and prevent the

par t i gdifen fsh@be SN rthddbofiletdetebthie ahd isehubRGueailly IRGERSEd from said

31. The sem conduct or process systen1of cl ai m 30,

wher ehmplsgirddios aipiht pocdsegk Aow cieifryi ses a part of the

flow circuitry through which a process gas is flowed,

and wherein the purge gas is flowed in a direction

hat The cwivhidueion prapash systeen pf eleios 37.gukerdin sHd amgef@ﬁ rpgters said

an annul ar purge gas flow that enconpasses_sali

proc e1§f§ff%35‘§ STRFEW: & QQE"U%‘ %W@Wd@&”&lrw dhebekiée P@?‘%“f g3 flow, and

| f
t her dioys Yuanel Sug Sttt aset bioRgs Sinshef o BRefin fopensaty
t he natenﬁmﬁ cﬂﬁto{me 0%% gﬂhgtlon source constructed
R i

and a4 ange ran red radi ation through
t he sanpllng regi on; 20a thernopile detector

SPNS tFid G RkordMor s8R G9dknt OF d8HEN7VRhdrdit kil Rllgd e ieikbrs @AY flows
after the transm ssion thereof through t he sampling
r egi Ofiroaghdsaldointeefaq npaceeinya gieevaom ubstantibiiyuperpandiodhrsto that of the
correlative of said material; and process contro
nmeansprevess@agflaal. t 0 recei ve the out put signals of the
thernDpiIe detector and to responsively control one or

nore process conditions in a d/ affectin
&nic &Efelfg\duc‘gqré)&o@gsg Sgsyig} ug\lgglf@'fhﬁr ORI ?ﬁ?ngroéamre purge gas

di at t f d
our B85 et ROTbpE st A AR plobigg one o
pat h, m&e gh XYP 'ul%e tg&téqﬁaqgljrroﬁl{hetﬁg bﬁng%g%ﬁ' agg gret'éﬁf the particles from

heating at a portion of the infrare

t r ansgiesigd o ﬂ&a;ngrfac&ﬁspa&s nmet hod of operat | ng a

sem conduct or process including processing of or with
a material,

31. The semiconductor process system of claim 30, wherein said sampling region comprises a

part of the flow circuitry through which a process gas is flowed, and wherein the purge gas
is flowed in a direction that is confluent with the process gas flow and forms an annular

purge gas flow that encompasses said process gas flow.

32. A semiconductor process system including flow circuitry for processing of a material

therein, said system comprising:
a sampling region for the material;

an infrared radiation source constructed and arranged to transmit infrared radiation

through the sampling region;
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said method conprising transmtting infrared radiation
generated by an infrared radi ati on source through a
wean@lisag7r egi on containing said material, receCviusgn4/029383
the transmtted infrared radiation with a thernopile
detector, generating an output fromsaid thernopile

det ect of tﬂeH‘?ﬂpﬁ@ﬁ%é/c?or %nsﬁ‘&%%ﬂ& aﬁﬁﬂgwto(}F effe Meﬁ %hiation after the

conponent o0 materi al, ntrofi I ng one or

mor e condighh AiRGioh TRl /t}QSugﬁftflee Sdnlplifh fd3fn S8MHE Qéggdﬂﬁtzél’f generate
process, in response to said output, wherein sa

infrared raghtalchQficonslafiveansid mit@dl; ahdng a tr ansm ssi on

path that is substantially |linear, and wherein said
infrared radi ati on source and sald t her nopi | e det ect or

are al i groesss eontsel gneptsaranzadh orrposiye dhe optaetsignalsiof the thermppjly detector
of operating a sem conductor process including

pr ocessi ngndio EPoRgVElY coptioheng or Fore RIS °ﬁ‘§’tltl‘?6§jm and/or affecting the
conpri sin tragsn1tt|ng i nfrared radi ati on, generated

by an i nf rEPEFPLAPRETON SBur ce through a sanpl i ng

region containing said material, receiving the

t ranspitdiehe! infdra Rdati@dis Z'Hahéﬁﬁtté@' frdin Fuet ﬁlﬁirgppédlaﬁon source to the
detector, generating an output from said thernopil

dete Cth&fnolblfé Glee@br N g @firafsANERA bitRLah® Wh&bin TheBRS bl is prov1ded for
conponent of said material, and controlling one or

nor e mﬁm@mikﬁﬂﬁmtmmaﬂmémﬁmﬁﬁﬁﬁﬁmkﬁguhﬁe sem conduct or
process, in response to said output, wherein said

infrared radiation is transmtted along a transm ssjion

pat h A matio@aicaperptinggegmisendpeiorarocsss inchidias eresgsting ¥or yilya material,
by a roughness in a range of from about E ﬁg 8
about saidgiethadh cRaprising trapsnyiing, mfrarg fa&BB?*h%?“?fgte% y an infrared radiation

Ze ?&f Sg?ﬁ%§| ﬁr8|£g3p ;O e? ﬁ% Iaenggola%lp n% n% gsa* ?%%tlgr%, t Eecelvmg me transrmtted

i nfr a1 § c[ ﬁgia \91ﬂl gﬁgx%{oghéa’ ﬁleté%%r aégnérc#n%% %gtpﬁt g@gallcp{ﬁermoplle

source %ﬁrou regi on contafning sa

Mat er jeilior M@CRY bfn:gnc'éllﬁﬁu&f SRAikd Sfhpbith! FEAEmABGH,3hd @Atrolling
with a thernopile detector, generating an output from

sai d éndeF MRl dordifital &Cindor amadmngahd wmicofiduclonmredets; it repbinse to said
of a desired conponent of said material, and

cont r @itguk, nghemimesadt infrared raglpwiol isi tomsmitted aomdy o ramfofssion paily that is

the sem conductor process, in response to said
substantially linear, and wherein said infrared radiation source and said thermopile detector

are aligned along the transmission path.

34, A method of operating a semiconductor process including processing of or with a material,
said method comprising transmitting infrared radiation, generated by an infrared radiation
source through a sampling region containing said material, receiving the transmitted
infrared radiation with a themopile detector, generating an output from said thermopile
detector indicative of concentration of a desired component of said material, and controlling
one or more conditions in and/or affecting the semiconductor process, in response to said

output, wherein said infrared radiation is transmitted along a transmission path that
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out put, wherein said sanpling region is isolated from

said infrared radi ation and said thernopil e detector
waeizods/3aser f aci al spaces t herebetween, and whePeTmS2004/029383

purge gas is provided at said interfacial spaces for

renoving particles contained by said materi al and

Pr eveRtdphgs Rtinhd: Ghrcs@paaeizeObY 4 R8HaakE in a38nge Af A®H liddt 0.012 um

of operating a sem conductor process including

pr oc essto Agpudf.80gm M.t h a material, sai d nmet hod

conprising transmtting infrared radi ati on generated

by an infrared radiation source through a sanpling, )

Begi ohmsthnd of epemaipesasericprdndoripaeess inshding progessipgof or With a material,

transmtted infrared radiatigon with a ther ile, .

det ecisrmetepd femarSIgraaIPILDg Pireret PO h e ?wmnff@ed radiation

detector indicative of concentration of a.desir.ed .

conpoitdiie typuelo Fmplips e, coﬁﬁﬁllngosf?{hr WptpLigh regsiding, fhe transmitted

nor e n [ - [ : :

or occgue o b ERRk I SR BHrkdlE o SRR Gl emopi

i nf r agediol At OtohRnttia St AIdbdir8@lcdnipOiBnt $¥8aill Rhied1, 26 controlling

radi ation source to the thernopile detector along a

t r anS#He o8 hdfe ddadifions ahdoh eifeeling thd\@fiidhdueld prgyesd, $h response to said

provi ded for heating at |east a portion of the

i nf r agugoht,t wigrehaid sapplipa tdgion 29 isolated from said infrared radiation and said

thermopile detector with interfacial spaces therebetween, and wherein a purge gas is
provided at said interfacial spaces for removing particles contained by said material and

preventing particle deposition thereat.

36. A method of operating a semiconductor process including processing of or with a material,
said method comprising transmitting infrared radiation generated by an infrared radiation
source through a sampling region containing said material, receiving the transmitted
infrared radiation with a thermopile detector, generating an output from said thermopile
detecfor indicative of concentration of a desired component of said material, and controlling
one or more conditions in and/or affecting the semiconductor process, in response to said
output, wherein the infrared radiation is transmitted from the infrared radiation source to
the thermopile detector along a transmission path, and wherein thermal energy is provided

for heating at least a portion of the infrared transmission path.
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