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filed on July 18, MONJBORING PYRElEM COMERISDYE: | . Arno,
now pendi ng, whi JRFRAREDITRERVQREIE RETEGYOR0, 848 f or
“"Infrared Thernopile Detector Systemfor

Sem conduct or Process Mnitoring and Control"” filed on
May 8, 2002 in the nane of Jose L Arno, now U. S

Patent 6, 617, ' ' ] This
i nvention rel §I‘§§S§§ﬁ3‘g¥@a§§@ﬁﬁmﬁlﬁ®mﬁ%on ng
S . f. i grell [_’[Df‘];.t!:n i N “
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| THefrpRél DEBAS Gy sBR IRF BLBondid? Prdces MRRQINE Colbd@ERE on Tuly 18,
radi ation at discrete energy levels, so That when a

02063 inl thetjhsind of Fose Dl Arfb, @oWpasing,) viichiiSa exRioaS df 10p140,848 for “Infrared
infrared (IR) radiation of a broad wavel ength range,

t Themiopile Betestbr Syateny for Srsicendiatny Peoesp dMogihrifs inddfontrdlafiled on May 8,

conposition wll absorb a portion of the IR Iight at

i nfrared- based detection, by conparing energy spectra
of various known conpositions with and w thout
i fic. | R.absorbi ng conponent(s), to obtain an
Z%g‘(?)? F%)nﬁe"ﬂ%fi |l e or pattern that can be used to
detect the presence of specific |R-absorbing
d8MR8h ki invention relatay tqinferedhertopiis owhitdring systersl i scimiaoaducipr process
the concentration of the | R-absorbing conponent(s) in
It °P%%n directly correlates to the amount of
IR light that is absorbed by such conmponent(s), and
can be determ ned based thereon. 1

Description of the Related Art

[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 compositibn will
absorb a portion of the IR light at very specific wavelengths. This phenomenon enables infrared-
based detection, by comparing energy specira of variocus 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.
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I R gas anal yzers depend on grating techni ques or

Wi Bisp3ig7break R radiation into its indivigg 0
wavel engt hs (see Figures | A and 1B, show ng spli {Uﬁ2&41029383
lights of wavelength 1°1 and X2). The IR radiation of
|nd|V|duaI wavel engt hs woul d then be introduced into a

dronvegijonal R garangiyzess dagspd amgreting fephnigesor prigms tohiepk{fdiation

moa%@mﬁw%@w"f ks (S e A g é&% SRR o warelengn

;m% r Sf'hgﬁ{ l‘a@iaﬁl at%f%d? 1(31alu q ?le%g%mor 82 H%ﬁ%g SS o gas cell by

nmean corre

t B€and E% aeiﬂcﬁzgﬁaye Jh?éf)@lltur@m tﬁm &%E bf l.fué &i&ﬁ%@ %&u@ﬁsﬁﬁﬁ faa@gmg through

and produce energy versus absorbance relation

[ 80Q8]cell RouIPHd deeectRd! Siéh BWRAGIIR QhalfzBE ukh @Ié&rogﬁ%&fcbsgﬁgmeans to
di spersive spectroneters are the loss of radiation

| tuirelais itheyslitlapertire pasitioh iwith ¢her Bfcnaigy ic@ud adnitle kigdal &6t iti@Netector, and
the risk of total systemfailure due to m salignnment
ofrodubreenemgy eehugabperbanes relatims.cost and conpl exity of the
spectroneter apparatus due to the nunber of optica
conmponents (e.g., mrrors, Iens and prism, and the

SBRRE Zhe B eE RS o AOSTRISLLN LS, DUTEEOUS e tossof -

(%ﬂogé%t&g ?rg&aué %Tﬁﬁlgélg‘ reﬂthsS a&ld r%gacﬁg' ﬁl% slpgtc f}) ola a{?‘g "Ftture due to

sources. e oril

ORRAEARGELrHR RSN fasis, %Blcbgt ald thRplb MO optﬁ@%ﬁcu%ﬂlgte%p?ratus due to the

interference pattern 1s created by sending one"o
t Werb&ectNBptidal catifbnéht! (o @f, RAGS Clensy! Shd Srisa), dN aR §Hakd feﬁlﬁfement for
A laser beamis used to nonitor the |location of the .
n@vaaintodating the anmeaadus apticalicompments™istdr t he dual beami s
sent to a sanple, a sensor conponent of the
spectroneter device receives the convoluted infrared
Wehs] PadreL trihstof Bt (FITIRYbdebiroidRrs| M&MsperRRSipbdt@Mbtad, also use broad
beam That information is then sent to a conputer and
chaergyFosoutcesd Ths ioriginadly fgenstaited /TR thezamis fsplit int@tvgdehhdiand Bh énterforence
energy versus mrror displacement data is thereby
cretisreistoreaked bt sondingeng 9f thetwobsanzslis endowafehise |vsing amstablogairror. A
Such FT-1R spectroneters suffer fromsimlar

A t5are P@é‘seééf’ Bedter theloeptine pliharapygtlemingF atl dmes. After the dual beam is

lg ? %alrng: o Seél;:ﬂ% E%PPSOIB%/ ?ngle géegtgog% er flt?w;s ﬁ%ﬂ?lg‘ﬁ t)}xeoconvoluted infrared
R;Fa%! i)a ?m ?%aﬁh%tvﬁ%%}eﬁ%?% ﬁ%}t@%ﬁ%ﬁg tﬁi’z{i cmng:logllsztﬁén s€ Q%cl ahcomputer

| 0ss o ransm SsSi on

138 bRGHvBlie@Bsing a Fourier transform algorithm. The energy versus mirror displacement data

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.



2 WO 2005/ 034187 PCT/ US2004/ 029383 [0008] It is

anot her object of the present invention to provide an

W 2piapERt er systemthat is sinple and robusj

is less vulnerable to msalignnent. [0009] It dﬂ?mﬁﬂnmms
anot her object of the present invention to prOV|de a

Z@P@bﬁ" SR ot B R YR HRP FETHG 58 SR FbGrees it i
! Gl B BB L S inc B0 BREARAY LY fmd'fv' ng the
ona e ) ﬁ

ope accord O her objects and
advant ages of the |nvent|on wll be nore fully

E‘Ff’ﬁ?i}‘é”‘ bl opa h%ﬁe?ﬁ%ﬁ%wﬂ%@%@%&é%@”%%&%ﬁ%?@ for sbating
ULl B S S
tBﬁr wélﬁnﬁé]% tﬁen) er oﬁél%hecﬁl;@&lh a sanpling

reglo ter AN Thirared radiation source
constructed and arranged to transmt infrared

radi ati on through the sanpling region; a thernopile

d PO H} t @ther objexdd and advettages of thy ineaRgRCWill b meR Ellyipparthf Bdnede ensning
radi ation after the transm ssion thereof through the
séisrbrisicm andrapprinded cleimb. t 0 responsi vel y generate out put

e : Y
e

signals correlative of concentration of said materi al
and process control neans arranged to receive the

out put signals of t 58@@5% E@b@ ? ~and to
responsi vel y contro% .fB E{conditions in
and/or affecting the sem conductor process system

[ P07 ]Th§?1%§énf h@eih&ﬁ’ in ohd'RpdoPfelaft &Fh hRbndufigi R5d-Q r&{étéel:z dadapted for

such system of the present invention is transm

aprodRgsing of & RUREHN] GiSte[in RBIH the Batemi csmSishst anti al |y
linear, while both the infrared radi ation source and

t he thernnpl[e detector are aligned along the
transmi ssieoplingaediondpr teepaeriahf rared 3

an infrared radiation source constructed and arranged to transmit infrared radiation

through the sampling region;

a thermopile detector construcied 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
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linear transm ssion path for the IR radiation

wonooseaas7 refl ection and refraction of  such IgRrws2004/029383
radi ati on and therefore significantly reduces | oss of
radiation intensity during transm ssion. Such |inear

o BBRE s Pt Preamidaie e TR s S iehtsigh ot of

Stk SRl O
ekidiiinat &Mm ﬂéﬁ%s[d@ Ot dye iERRRRRLP B, e ﬁnﬁt&tﬁi which
radi ati on through splitting and grating are

e seufiiécs dhe SrQndrh dBAGY SRy BN @leciitic Ifizﬁﬁhéiﬁlﬁﬁ o AR FAdidtih of a specific
spectronmeters. [0013] The loss of IR radration

| meeleagt, yheedine alirsioating thearepiranknts dod Meiocliraiokaing REBCR tradiationihrongh
or in addition to the use of linear transm ssion

pentifing g eratiogthatiaregpssential ta the wonyeritionnl gispreksivie tund VR spestrbagies.
that is sufficient smooth and/or reflective, which

m ni m zes absorption and di ssi pati on of the JR

P e R bt i‘gﬁ%ﬁ'ﬁ%‘ S 8 e rkbed, P Rfep depentent from or in

ot %%gmgﬁ@g%ﬂa t{aﬁsgﬁ%?ésa% Bl b ggga?s&%gl ,gga .ﬁ%ﬂﬁg?epsmface...__

Ph&fie hitflicnt fhddm ﬁ@%i" Tefiktitd) whkth %ﬁ&e%&%& 44 dgﬁ%aﬁen of the IR

and more preferably from 'about 0.10 pm

OradifXion by Bech iDi4€ Burfabe 6N thés ttdnkraiefonFath, fSpedifi@lly,R8ch inner surface of the
characterized by a reflectivity in a range of from
abaerhissik@ Yt ds chibmcteriZe® ¥y a pghness dbh yenpe e froababott (ORYqunRa to about

~about 97% [0014] "Ra" as used herein refers to the

al& iy Ba.ireferable from sbent Ole ém Racta lebout AG0 vl Rag pd mére greferably from
syrf ce fini sﬁq] [ 0015] When the material is subjected
O

°‘r* ADettt Bt $0FPoPr- 2 Ramspshrigner syfasn ey fthey by @racterized by a
SRRV T R i prel AR B P e o shout

deposition of particles around the 1R radiation

SPB14] 8R&M as h‘!}@ héB8 FIRPL LR a%%g@ GiQbencel it lin gi@ag% 4 VARG bE 2 surface

significantly reduce the anmount of IR ra I on
tfirgasm tt ed theret hrough or conpletely block the
transm ssion path. [0016] The present invention in
such circunstances can be arranged and constructed to

U0015} Féhes the Riafefidl iOMBjedted to IRMaGitig ik ]he sdniplifg fepioh ﬁ'a process gas, such
spaces between the sanpling region containing th

pnatembmaygampnarpdrmheod Ue snsgefitible itw partude. foematias, mltilng isdeposition of
bet ween the sanpling region and the thernopile

crattisles gpund 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 artanged 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



Such purge gas can be passed through porous nedia into
the interfacial spaces, to.-forma purge gas 4 WO
WwOORsA3A4487 PCTI US20041029383 flow that novepciizoo4/029383
particle deposits away fromthe IR radiation source

and the thernopile detector into the sanpling region.

AL ternatively, rficle deposit nmay. he reduced hy .

p RN ey Wf@jﬁ%ﬁﬁe{y ey Jev%ﬁsearw from the R fAdiation squrss ] the iljermopile detector
| east a rtion of,.the. | R trapsm ssion  pat 0 as.lLo

o T e St rion AlPmivelty ot oot ey, P8 ey i extermal
t ' . [ .

t BBkl 1 WGP S St foin o 1 1 R, B 0ot ot
S Yadie b Qkat L A HRRAGD the bANEE Y b0 MRMntERITRirk2SE 01 Phe transmission path.
scrubber unit for abating a sem conductor process

ef fluent from an upstream process unit, with a

s E001T] | Thy semsiginduntor arocaangeidmod e prdsert invdnitn My SdPhise a scrubber unit
scrubber unit, so as to enable analysis of the

efor phatingta sowicondactorpgocess efflyent from an wnsiedamiphesess gnity Iptifk p sempling region
unit, thereby enabling the scrubber unit to be

r SEPSASPY 81693{*6 FEtueh serrbbes gRih FeRsiigerphle anslypip et sByenidrefore its entry

ot Soff; s R eroite e Pontehart s [ rgmiiovely oprted
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Figures 1A and | B show conventional monochronat or

smet% Other @dpecis) Fafutel Bl ABEIRIERS dfG ihvantioh 3 B 4GP fully apparent from
[0020] Figure 2 is a schematic view of a sem conduct or
ptheansifg dychhesmndapgenided clainsa | i near transm ssion path

for IR radiation, according to one enbodi nent of the

present invention. [0021] Figure 3 is a schematic view
of a seni conduct BRIBFASSERFTEYN OB HHEIRAWRIGSg a

scrubber unit having an IR radiation source and a

lOBH) R A i B R o BBt SRR g ppegpatos
o%ﬁﬁﬁﬁh scrubber unit, according to one enbodi nent of
e

t present invention. [0022] Figure 4 is a
time-concentration plot of tetraethyl oxysilane (TEQCS)

aJ00R0% iFigukOD if 8 tsthRinhtitOvitwl ®f a(sBinfcddduater FrEREUEyEE @mplidi a linear
process effluent from an upstream pl asma enhanced
clreosriissivin poth f 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-conceniration 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.
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deposi tion chanber that is operated according to

al ternative deposition and cleaning cycles. 5 WO
wOQfs3fisp 7 PCTI US2004/ 029383 [0023] Figure ?C;rﬁjsi‘ommwsss
graph showi ng the IR signal responses neasure or a

first transm ssion path having non-el ectropolished

i nner surface, a second transm ssion path _havin

nE?B%ﬂ aﬁlms is @| |28k Phowine @H% algp'% FREPODSSS mrepsred f‘%ﬁﬁéi“‘g trangmisgjon path

S v?'gg}é&s gbg%\fé‘%?n gl {’el egﬁtﬂr&g%gl I SI?‘% S]?aglgg gmoderately
aa&ﬁégﬁh% H&e?&%ﬁée', i Vgﬁ%&fsgaeﬁn AL PUBEERGohed inne

p&ﬂg@,gq&uhgﬂ&ﬁgﬁ&@mpartlcIes fron1the |nterfaC|a
spaces betwee sanpling region and the IR source

as well as between the sanpling region and the
t 0024 (Rigukes 6 268 T 1@ perEpectlve9RMS offse@idbrRiudion pBocass BR IRl Cdlprivig purge
vi ew of sem conductor process system conprising purge

gges inleid for stroduping b e By taresivegiakticlss frpmtigpeinigdmiahspaces Hetween the
the article-containing process effluent in the

fngrrggwlr ang; thh IR pEmea(es WEll BESOREeR TheGmplingTigfon and the thermopile

I NVENTI ON, AND PREFERRED EMBODI MENTS THEREOF [ 0026]
Tﬁ@mﬁFesent i nvention provides infrared thernopile

~detector systens useful for sem conductor process -

TS it PR PRt By oo ibhoon e bl B ol

AP Brhidg b BERHHRE Fnﬂrﬁeegas Ial%{uﬂ e Fa\ftlcﬁe@éoﬁtraﬁﬂlg %rdc&s bfSent in t%:tlaq sampling

entlrety for pur poses. 027] As used herein,

tegion. " sen1conductor process"” is intended to be broadly
construed to include any and all processing and unit
operations involved in the manufacture of

sen conduct or DEFATHIR DESCRE TSN IOFBHE DN VENEIQN,i ons

i nvol vi ng t r e cANPRREFERBEPISdBOPIMENTRATEHRELIS used in

or roduced by a sem conductor manufacturi ng

f18036 ﬁ) i Hhg Pr&@nvanhag BfP‘{ldeé pifeed ohermepiler deleptasueysiers useful for
conpection wth the, se F&uctor nanu cturi

oI PRAIOR RSEEess B IR LBVl thgrRFBICARRPig No. 10/140,848 fled on
May 8, 2002 in the name of Jose I. Amo is incorporated herein by reference in its entirety for all

purposes, ¥

[0027] As used herein, the term “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 \;vith 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.).
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(exanpl es include conditioning of process equi pnent,
purgi ng of chem cal delivery lines in preparation for
oaelmd/a3aiyy etch cl eaning of process tool cha SUS2004/029383
abat enent of toxic or hazardous gases fromeffluents
produced by the sem conductor manufacturing facility,

e ...6 2005/ 034187, PCT./ US2004/ 029383 [ 0028] .The .

© N8y, T, e Rper AL PO G S PRt oo & infrared
[ | nprd n.ipfr | radi atj.on

sg%if@,&el?ﬂjo'ﬂ SRR sa%éli%g I 51011 E(II ]pgﬂ;ogge%(a xglate@al ot‘%ﬂerg@% gaf%., g'prog?ss gas) to IR

a sanpl’ IO posing a ma

| 46k : . ta | A Ak | R dhd
therngg%?egég?g%@%Pagﬁggghgﬁ§%? gmfgé??%g?a iatloﬁﬁas gh the
t mRRE4TOF infebst e wﬁauﬂgh@%om&]ﬁmr@h pfabtick 0f 86 @%ntiod MGy comprise any
sanpling region in the broad practice of the invention
mayitabie thakpatiRend PissagSidly badHamba Nt pdich e Miaterifl a6 Begaigey issibjected to
chanber, in which the material to be analyzed is

s pisfage bEIR light thpyeibowgldorche pURpdse ghisinglie 1R tbrotbanph-détemmittefl @utput o
purpose of using its IR absorbance-determ ned out put

t genergiscaptel & gr process gentariag afdpontel.o s sheprpnpile detecipy generates
and coptrol,. The thernopile detector nerates smal |

v mallygiages e e’@ﬁﬁs@ iodt gl (qrient b R@wgﬁ gegime)- Theypgtopt sjgnal of the

s %%ttog,@érqe@ag(irig%@ofng%%go ,«gftigeé@!a%g@o'& é,g;heglg{gﬁmg;_pgrn__rrg_g_i_ le

the detector. [0029] Thernopile detectors enployed in
the preferred practice of the present invention nma

. . may,
hE02] TErerppils dsicators employedin e pigioredpracticsof i nuesert dgvesition may have
unit . For instance, in.a dual,elenent detector, one of
¢ Rl Al gt e iy 8 S Gl it tsbr, o of
ref 5 AR] ILR.]] in range.in Lch . .
<o SheRRe BEAR M Pl sdeBehl Bl m by e i il
Ofsubéltmﬁ)iglly 1 B occm%.g.,eﬁ%féné@ of AHP4 @2 ,u.gﬁt &fd Qkond thermopile
elenment is coated with a filter that Senses | R energy
| BetdchoR clSRAE Islcadted vAMGEHIRF thhtbRESIR endrBrlihe spRAGI AR of interest (such
range depending on the particular material to be
neprettabraegt )depe@bngmiitiepanticuidr niategialdo b reongimeds Comperisdneof the differences
vol tages generated by the reference thernopile
d i thec olirgee paampiad bithel refurense thyaepileadetsgtongienpanand those generated by the

thernopi| e detector active elenment(s) provides a i
c BFFEREPHC dSter BT PO SR PP Vid 98 CoRePRREOR R FaRPToPn: gPetgptors with up to

t Ll e detect | t ) |
ag glfremtﬁ’fl% faefifg";’ ¢k I)?o“ﬁﬁlg@’% r%%eﬂ cog%ﬁe&%%@é%@blgg oL, C)iqiolllp e %‘i 3 fl—element
? ec%ﬂ;ﬁﬁit it é@%&% = ?gmct tz irseé‘ﬁg*lcg/)f@ g Qstef@reﬁc%faﬁp ﬁ%}g%ﬂ?{%&g 3 detector

e renal ni ng_ [.61 ecl nents ar e. uti
NEaRdAE@RRAliR d? niddshrbREBITh dRRRAL splral kQfHnO NS -

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

media, etc,
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[0030] While the ensuing disclosure is directed to a
process gas as the material being subjected to IR
wodb@lobaey it will be recognized that the invepthflodiRioiss
applicable to a wwde variety of materials, e.g.,

solids, fluids (liquids and gases), multi phase

materials, nulticonmponent materials, supercritical |

PH, Thedctal logs efghe IR apdiatjoninignsitpeaferied dpmasinasd 38Qis dptgoripeft by both
t ot l.oss .of the IR radiation intensity (referred . .
s 2, s sty o B et G ey By i onaission

Fh B8t BT BRR Y ARIRS 3 W pion i
gﬁ% t% Elgsor?f?c;n' b‘} El!l#e Ilﬁ-%g%%gd&@;ﬁa%eﬁalrc& fin%rés? ?eif%/rped Erﬁﬁee?%iﬂlo asaf'm;B, e)ccording

0SS 0 tron 1 ntens
aRy Bldwitd chtibie | R-absorbing material of interest
(referred to herein as LM& |,J, according to the

foll ow ng equations: Lratgl=EdFaL0h,+ Late w [ 0032]
The thernopi.le IR detector has a m ni mum requirenent
for the IRradiation intensity, in order to

teLOb%} tjny gleﬁncﬁgﬁé AE lethdE Rad Bnﬁm&ﬁ@men-{% " dﬁ%lgdl?tﬁ‘tel %P?gsity, in

e intensity of the IR radiation” generate

id
s

S OErGS eff @AY Gt DAGh B kadialifl TeRford)thed theliftcd¥RY BF Ak Methdiation

at a level that is equal to or snmaller than a nmaxi num

| gemertted ky thaTRaowde@ rethainsenmslzhip thel Bf.g Bdsitobe rdfintdifed at Revel that is equal to
radi ation by the thernopile IR detector. On the other
hefnaalleri thanea pasimumnlieihLs in prder tofensblre ddiqRtierh obthb TR gradiation by the
g@%erial of interest directly correlates to and is

e R deteriory e fhecpiier hagdsings theconeniresion pishe Brshsorbing material of

RICER S Sty 5 PPN 5 g QBT B e il morii
PABLER! el of GYRGONGEAL LBl Mol BARBR FBL AL Riatyuis of
R

€ present 1 nvention a e goi

WioBHo&dEbn iR ofbfhe Walekifls, MBI Nt ai ning Lra,, i at or
bel ow a maxi mumlimt Lo, by reducing or mnimzing
Lp,, according to the follow ng nethods: [0034] Wen
the IRradiation is transmtted through a -
siiB33f dibe pradehtyinventivp achid¢vesths goalof inaximzig Lyf.f.owhile nlantainig Loy at or
source to the thernopile detector, w th mni nrum anount
offelomer ez ingit Ipriy recuping enmiinimizing few.abrerdingdnthe fiflewing methods:
of radiation intensity is effectively reduced in
conmparison to that of a non-

[0034] When the IR radiation is transmitied through a substantially linear transmission path from
the IR source to the thermopile detector, with minimum amount of reflection and refraction
therebetween, the loss of radiation intensity is effectively reduced in comparison to that of a non-
linear fransmission 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,



linear transm ssion path that requires multiple
reflections and refractions of the IR radiation, as
wowesosmsti gures 1A and 1B. [0035] Therefore, IICHﬁJSZOO4!029383
present invention constructs and arranges the IR

radi ati on source, the sanpling region, and the
thernopil e detector to provide a substantially |inear
transm ssion path for the IR Iight, as shown in

Lec. PR e PR Cp e set 0ot F Sgblpe roson
L e%?[ni’eli)llﬁ/ arfdt ag§3§ ?ﬁg{?& %ﬂ&%g%sgﬁ{egg S ﬁf’ ggw %u.pa tforo i%low ofa

and a gas ou con

éy%}ﬂﬁ@&kﬁ for flow of a process gas

et hrough %%037] The IR radi ation source 20 is
p03|t|oned at one side of such gas sanpling region 10.
Specifically, the IR radiati on source 20 conprises an

| ROZH The dR r@dfiatiom dovacepd)y ialposifianedratr enersid@ 4f shiahr gas sampling region 10.

prOV|d|ng a parallel beamof IR light 2, which is
t Seepiipally theiRepdiztign sousg |94 comarisesanyR pmifier2 and a parabolic mirror 24, for

transm ssi onpat h t hrough thegas sanpling region 10.
| DO9ATS T bebmpt B deiich Ghou b TS cioth ety linca

The thernnplle detector 40 conprises an |R detecting
el ement 44 having one or nore IR radiation band pass

f jo H)SS? Fhe HREmpd Sbdciol B ¥ po&tﬁcﬁl&?ﬁ]ﬂetdﬂﬁgm@e R %35' sdlptidd Reion 10

radi ati on of a narrow wavel ength range tha

- efE REREESMAE adalying AP GAkRTEOIR HNBMSINE NTHe hetdiiplle ddector 40 comprises an

characteristic to the I R-absorbing conmponent(s) of
i I detexting elemtrbheld lprving ess ogamre RO ridingion bhel pee ridiass efor Belectively
out put signal generated- by such thernopile is directly

r@ﬂnaftné@gtadmton@f dreolBrradigtion| of far rapren vabsioeibtipees thay endpmpasses the

rrespondln component (s), of interest. Preferably, but
orpiyps e epethy tat ig plaraptestip 4 he JR a?fpﬁbglgfce@a@g@ 93/ igferest in the

P SR e BB PPy A5 s
iy mﬁd’bﬁttcﬁ ﬁf&aﬂeﬁ‘gds%{'gtgn &e@ﬂo ﬁ%é %gg neqt ?Mt £t %ﬁﬁﬁy but not

including refere tere or
OhtSestakilyl e QR Tight 4D i%WoEu@@' B3 S foctbin end BE befhr@leh®fing the IR detecting

filters being gas-specific for sensing of the

Sed¢tienD M U Theo theg@BilS detictof) asit BONRMIGHA  BayOfurthed tihs ta multiplicity of
absorber areas, including reference (unfiltered) absorber and gas-filtered absorber regions, with the
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,

________Oéher S.de ﬂ% %ﬁglp %%%ﬂ’ﬁ?%%gﬁws%@t?gdlﬁ" }cloght b



(e.g., arsine, phosphine, germane, stibine, distibine,

sil ane, substituted silanes, chlorine, brom ne,

W 9Rasgsal | i c precursor vapor, etc.). [0039] Pg Ris8R/029383
sanpling region 10 is separated fromthe IR ra aglon
source 20 and the thernDplle detector 40 by

interfacial spaces 32 a 5 ich formparts of the . |,
| RIgh CORRE PSR W%%c%%ﬁr 34 éﬁrdéﬁaﬁbg?w and geplingy eeampelditofhe Iadistion

gga‘:ewg% SRR A ko0 0 S tBBE 7 (ol o i
L AR SF Aot hn TS B 081 o eiE SRRty

afThgry" conn G sour

aan§ eésﬁ%v San&pd tweggqmlﬁﬁn sa%wdgaar cer 5818nd OLES RC] ﬂch weld

space IS connect to the e detector 40

| gnrRct&ei .64l smmn&ﬁngnm GHinsGAEIR ka8 fs ald\ﬂek&or@fmﬁ @ @érén of the IR
54 that is detach and sealingly connected to the

| thngnéidioapatin sour ce by a spacer 55 and O rings 56.

Such weld connector 34 and 54 both conprise IR
transparent materials and therefore forma portion of

the 1R transm ssion path. [0040] The |i near

t[PO4ATs Fhes lincah trppamission pahef for defliagion 6??‘“?3@ d%feessw loss of radiation

unnecess ar J.oss of ra |at|o nt ensi t ddi ti.on,

i B o “efd*%’osuée A g o o
qgsflsltag&eelggmstﬁlggigg;ﬂg@ce agai nst msalignnent. [0041]

an integrated circuit board 62 maybe
p05|t|oned behind the thernopile detector 40, for
i mredi ately receiving output signals fromthe
(D bihes aidtegrated circdid boagib2asay bepdsitivhdddehindibe th@mbiile detector 40,
footprint and mnimze signal |oss due to renote

- dorimaedistgneceifigatdiot dignals fremitie|thesrhopile dageston A eeldsriefirthey feduce the

the invention, the thernopile detector systemis
Jeqtpriv and minimiza FizneblassaHBiRFemOGAONREE .ol | er for an
abatenent unit for treating process effluent produced
in a sem conductor nanufacturing operation, or other

C;&?l%}g ﬁnréng Tl aﬁ&ee bdi;.lﬁgl{t oftH eBHJHD B3 ﬁ'g't' 'fi;{ "I% ngeE&SJ s?ﬁ&'x is Gtilized as

or Sys eous IS

0| 2B iterfthit {ola? cﬁgale? &t éﬂﬂbrﬁent ‘Mﬁ? ER telMhg e SMRIREt produced in a -

apparatus receives the effluent to be treated In such
Serhivondeeior t ighufabiatinED Peta€io] edrecsmsa lindustrial process. For such purpose, the

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
pnit, by way of specific example, is useful_ly 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

10
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systemis used to sense whether or not an upstream

tool that generates the effluent in active on- stream
wWpShedd3eizy 1S in an active operating node, or PCTfUS2004/029383
alternatively whether or not the upstreamtoo

a non-effluent- produ0|ng state, e.g. undergO|ng

o S5 . PEESIE. S ok o

a IIe uent scr

o OB ok QoS bR SfferdRs o ooy AQVRESopRHIRY o't ahicved.
wher eby the presence of the 10 WO 2005/034187
PCT/ US2004/ 029383 thernopil e detector system

t (oongf BEaES3 ks & SomidelRitiol fbc@ss BysteRI RO ke nﬁﬁﬁgb%&bétﬁﬁt 140 having
enhances the efficiency of the scrubber, | owi ng
c o psdiletati? anl ahs Sufisds. CAG IR(domwer20 @@msm&ﬁiablﬁfd)eteét& 18@ are provided
achieved. [0043] Figure 3 shows a sem conductor
pricwthssides pE4 gar stiffling oagjoni 130 mgr the gasrinbbBI2 ofsich sdrdiber unit 140, for
having a gas inlet 142 and a gas outlet 144. An IR
s abveiag the gorepeeition of thercfivpit leweddnte the ovrubb8 The euipnt igialigaerated by

bot h f 110 t he
éae s o7 13Cia dimuded IR prbasn §5o £ 5o  microsencller 150,

g Si#ﬂﬁ%ﬁrg{iﬂ ﬁﬁg?g%b%tfﬁﬂg f Lhe @g]%%%go%lgﬁgvigﬁ ém{*,,.esponswely_______________________________

i S
NN 6C AP bRbIRE tokBOIRERRIR 6f RUileGs REAthRi N Medi um

sources 160 and responsively adjusts the amount of
scrubbing nedia (preferably fuel, water, and chem ca

addi tives) 162, 164, and 166 input according to the

CI9AHI0 sVarioesn abitalild ecoapérientenin dise mffisoly edicludifJbl} not limited to,
Various abatable conponents in the effluent, including
bigtrasHigtoxysilases dlgue, @ilicony fé‘fqﬁa@tdhyﬂﬂmyg@ﬂltm Orsﬂlﬁcmomds, boranes,
SI|IC n.tetraf| uori j.con- contalnlng Qr gani

© Hhgih %&nggéil ilgfmd& Brygrene; %%s HerafimFie ivdogen chloride,

o 8ol oo RS BB RERRIRT b Fo, oen
P&Ed! mrﬁaﬁaﬁ,qea}soe ,Lza{ufmgﬁe @8@% )&.ﬁm ﬁ%opg&@m invention,

oxygen, argon, 'um may e ana

t A@EtRRI @0l ChHRR E@ CerpotBin@ Meddbes, | MR RAGRE Eﬁesduﬂ:viﬁﬂﬁdu&% ultrawolet
Addi tional sensors, such as tenperature sensors,
SIpESIoMmsters,PmEsS Spcaotiigt@s) Hald @REtfochatlidal Sahk@é, ahay be pI'OVlded for further
spectroneters, mass spectroneters, and el ect rocheni ca
sesesusing thenfigw lsate, (pro vinghesitidnoand feamcekietion, ipeass; amb)tetopeature of the

P

_fIOM/rate E S conposition and concentration,

Bisat, soas t cerppropding adiustgpnt phile 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 810, films are deposited using tetracthyloxysilane (TEOS) and which performs chamber
cleaning by using SiF, after each deposiﬁon cycle. Therefore, during the deposition cycles, the IR

detector system measures the real-time concentration of TEOS in the deposition effluent. During

11
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“Seesgoe

effluent, so as to allow correspondi ng adj ust nent of

t he operational node of the scrubber unit. [0045] The

Wi doéssigpi | e detector system of the present iP@fﬁ%tzﬁogsz%ss
may be used to analyze the effluent gas speci€s

emtted froma plasma enhanced chem cal vapor

deposidd §0{ PEGVD revear L WA [ O2 fil

cna b oy R i TS BORTH el e s y?nawaﬂ' mwﬁéﬁammeﬂfs
i ' I.E4, af t, ea f g s

G S RURRor o Mol ot B Rl povited i

CYiduRS, Thb frdntfitiof BSIBGLy tRYRIAGLMBRE I l%%s%dlfjcﬁ a(gﬁs?hlbtmj:tﬁgs of the

concentration of TEOCS in the deposition e
DudbwiidgeainlscV¥Be @ ForQ6dehR At JSTROL ARG/ 029383

alternating cleaning cycles, the IR detector system
measures the Si F4 concentration. Measurenents

obtai ned by the IR detector system during the

all404¢Intar ifingerdedyersihe IRondiaticndest Hgukuehete tasmissioy b dregbmission path
Fh%ﬁre 4. The information collected by the IR o

p ok 8 Aol retlsgiive lings deog is Rsovider. dtichimipimize thejabrgeption andrlissipation of

SEEASAEGaT s B F ot RSB e | R rai ation | oss

(LP" h) during the transnission, a transmission path

“WTH 3 Siooth, reflective ifiner Tace i's provided.

WU0gH) Whedl FHEZ §adohh reBBIIOE ﬁ%sﬁﬂsi&ﬂﬂaﬂg 5333?&/9@&,' lgl%egga*ﬂh .ieﬁgth can be

radi ati on by the surface of such transm ssio

[ Praviddd iYieRinGLisd theiR@ptin of BY Ja@iiloh V@ tht MANRGHRE b&ﬂ:o%‘srbf interest
is provided, |longer path length can be provided for

M, Ba.2i wigehtihepahiip nploitan fop bffckivetyatkagikih®ldwityndeition IR -absorbing
| R-absor bi ng conponents of interest (i.e., Lo,),

wemphaeals. especial ly i nportant for effectively

nmeasuring | ow concentration | R-absorbing conponents.
[0048] Preferably, such inner surface of the

transm ssion path is characterized by a roughness in a

r B04f Todferhly much et suffac bR thertriR@missionafathid chara@6hized by Sroughness in a
nore preferably fromabout 0.10 mRa to about 0.80 m
Reange o §omnabont 912 Hey Reotp wbdut bBY b Baitmeke préferablRrom ebaub®did pm Ra to
0..20 m Ra._Such inner surface HHK further be

cPAr A0 dim Be gndgpostprelaiebly domabeys Oilh ra Radmehouiod 20 o Re. Such inner
t 709 bout . 99% ferably f bout 92% t

R A L R L BIRA  A S

bﬁ'e %ﬁ}é Eglglgboup%%e{o%&% 9’)@9.' 'Sﬁm éﬂl%otg,rretfegtgv%rim%p sl. ) c%lrgag be provided

t'echni
by electropolishing or super polishing techniques.

=h

[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 = 3.88tm, Channel 4 =4.65 ym, 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,

12
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[0049] Figure 5 shows the IR signal responses neasured

for a first transm ssion path havi ng non-

woeiy@ap@yi shed i nner surface, a second trans'dﬁﬁ

pat h havi ng noderately el ectropolished inner rlgsur 52@03{029383
and a third transm ssion path having highly

ng ct r opol 'Iésr%%gf‘a‘h ner sle glg@gml ﬁjq\éi%%é?sgl%éﬂwr@@d:ﬁpmhsﬁonger
%ﬁ?ﬂ%g Wi taple méﬁ%ﬂﬁtdv?’g‘lm AR R e

and thernopil e detector are used. 12 WO 2005/034187
Pﬁ&@%@&@@g&%ﬁé Sohtaink PEtiERAR W s8R INble E@@H&k?fohﬁmib&ﬁiﬁfonn particle

t "the highly polished transmission path provid
M bsits blo@Be transfisgitR batls bf B8 O rdlalieh) whidRvilDfbsdih @he IR radlatlon and
noder ately polished and non-poli shed transni ssion
pegifcant[y@ah ek therdesasinigastty bftht IRaaiition aspiasd i cl es or
is susceptible to particles formation may form
particle deposits along the transm ssion path of the
| Wﬂfil& dfitis prewsHt invgptioarhopgfore pravides e pumehess ReRr the imtesfdia) ﬁpasﬁs dotween the

nlflcan d 5 the rad|at|on|nten5|ty
s8I %ﬁtﬁynt i 60 0BT D e h TG mgroarﬁnd tho

er ef. l%rde °ren ‘?ﬁ‘%ge g&p 5‘8%‘3% 22 5‘%@ 181& g%ge 5%%%%{?3% fhrticle deposits

Sﬁ%%ﬁg&e"ﬂ el[omgé aﬂ?‘ﬂ{éﬁﬁél?oﬂﬁ i8S PR | 't?%re(r&lg' v?cg eﬂﬁﬂlss from

r Nopi etector ne purge gas fl owprovi
Sitfef fbrfaly ith thb Qét6@od fodegyOVE the particle deposits away
fromthe IR source and the thernopile detector, so as
to prevent such particles. from interfering with the
cl80%% thigure rhowsesss sapEateidn 20 heying as nbngl 2andymsutlet 214 for flowing
sanpling region 210 having an inlet 212 and an outl et

ﬂm%wﬁtmm Rgoesygds 27 thetetdopghn 4 IR sageepi28 mﬂg&é atxgy side of
rethro squrce, 220 i s 05|t|oned at on

sﬁ“ g%ﬁfs ﬁ%m@@ |f ﬁ@laf%gﬂl%#o 267 aipterecisl SpeR 287 whie 2

PR 20 it B B SR 65 82 et 4 R agon 210 and s

%hﬁﬁeﬁﬁer@ﬁb%y%%ntm 51)92 £ gA g&%@%gzé‘ﬂ% llrﬁducédsiﬂtlo Ad glbterfamal

therefrom by "an i nterfaci a purge gas

%ademiﬂchﬂdl 52ckrdnDd PurBdiGal sdubde QﬁJt SHoked), pre&%ﬁ@ﬁmf?ﬁ% P83k media 264,
252 froma purge gas source (not shown), preferably

thor fonging an peifemsiiove df pur@bds thdt afovéscdwily igmathe IR isbu@¢en220 and the
fl ow of purge gas that noves away fromthe IR source
2Ap@mepild detecior 20eipwaspithieegasl etrapding regivd (21¢. 0 Sechoflavhef gues gas further

sanpling region 210. Such fl ow 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 ihen 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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generates vacuum at the dead-end spaces near the IR
source 220 and the thernopile detector 240, so as to

WO bdS0idig particle deposits out of such dead-g, eflfp 2004/029383
spaces and di scharge sane into the process gas F

in the gas sanpling region 210. [00531 The purge gas

Y48 g R orBii®e bl B 1 B BRI p S e e
Een f &ﬁ%ﬁsﬁegﬁ’( facfap\cé:#acés.?:ﬁh?ﬁﬁg?’ﬂzn Fbgdi'xre@tlog ﬂams Jﬂhstantlally

ows throug I nter Ial spaces 1nto the
%ﬁ)eﬁ‘t@dﬁm‘ kd Wl pREUsO Bas 3R dnBl fldwSl kik: &gﬁ bR ididMaLiall Paces slong the same
substantially  perpendicular tot process gas flo
1rebiion FHH0 A3 B4 BipliRnERebiclS2(004/ 029383 [0054] Fi gure 7
shows an alternative enbodi nrent of the present
i nvention, in which the purge gas 1is introduced into
t[6R55] Aothret, dlsi patge gpromayDeIBWidgh th BBPa g3y sheath smegindion the evcess gas
IS substantially perpendicular to the process gas

fﬂW%ﬁ‘id" PPYSatipleoiRghessaping fomt ey saaﬁwlmgga@@e sSP%ﬂIf@ﬁ'@’ Figure 8
di t th

Ao (e s 46 Pel e p ﬁ‘g’%?’“ﬁﬁﬁ a%ia?wi% ot w ipsppocs gas

ff?own ﬁtcfg ﬁlsi'%e %@ %ttjpow%éj } r O g secogﬁuoegtes ro%eﬁs gas Wiiow and is

SO as ent par ron1escap|ng e“'gas

_____.gas " thﬁlg&i‘?g}e o agﬁgiog)r‘mstﬁeatg{ﬁﬁ% Pg‘%g&’%gat e

‘particle-containing process gas flow Such purge gas
i,S

ol AUt By o g St g PRV s Bl By ?P]‘E“"n of the
75 ek B SRR o438 o BERDE o B BLARI RS e

R Ak fed whiek sl@Rhd tBQre%nt {ng patic1as Rl atcbe@JthBd B8sitidgRn the internal

transm ssion path (including the IR transm ssion

winfde vithe IR3QnsAfissioppggener ate a thermal gradient or -

heat flux, which functions to prevent the particles

from accessi ng and depositing on the internal surface
qhostP Archdugh BRASEARA 'hQJ‘be@@%houldP Bl dse I AOWAR diddnce to illustrative
i'nvention has been variously disclosed herein wth

lefob i fanid CFedttrésyl Rt will the \Ve@pre@4TRD SibtBE biibodintbntk @ad Wafes described
it will be appreciated that the enbodi nents and

fherminatrors and ascinfeinted to lieit dienatzotion, axdghat other vatiativdsg dnddifications and

limt the invention, and that other variations,
oiher eplodiments avill pugeest themselves to those of ordinary skill in the art, The invention

therefore is to be broadly construed, consistent w1th the claims hereafier set forth.
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"ot her enbodinents will suggest thenselves to those of

ordinary skill in the art. The invention therefore is

to be broadly construed, consistent with the clains

hereafter set forth. 14 k THEAELLIME MS What is

claimed is: 1. A detector system adapted for.

processing of a material therein, said system.

GRS 1S RJaimddSasgpl i ng region for the material, 'the
material conprising a first gas; an infrared radiation
source constructed and arranged to transmt'infrared
radi at A@etectériytdhgiapio®rod Leild Qs § ﬁ&brﬁﬁhef@iﬂ,%giﬂts%stem comprising;

thernopil e detector constructed and arrange

recei ve PATPRIPEEPeionderdhe mpaerial hematoyaheomprigingsafirsisinn N
t her eof tahfidt@d rhdiftioh astRdel PBsLRGH £ ed 8 transmit-infrared radiation
responsi vel enerate an- output signal correlative o N
oé‘g‘f%?g’ﬂpf‘?ﬁﬁ‘?glf”ﬁé“%anpl ing region; wherein the- |
infrared radhatiopife defector @ngtttd B a@dn@iT0 Rcliv ARRILEAHAN after

path that is. substantial i near, and wherein said
i nfr artlgl%l tt?%&i“ﬁ‘f’? g}ﬁ’r@gﬁﬂ“gg}l ﬁ]‘?d"a@@}“& TEER WP 7 Fegponsively generate an

~ det ect @rpuasignabdongltek ol bdtigatbrhbwitiphe fHinpigaegigat h of

said infrar tagdi ati on: d wherein e systemi.s .
char act eri ngh rebnyggr'fi/jjr aé?% ?’%%mf‘ bl F‘B’\?\ﬁ“’ﬁ@‘f ‘E‘lf‘%) d Hanspoyseier, path that is

“Cont  Glubsntiallyckihen sind Hidhomint il infhrgh aldialiorosoutcend said thermopile

fromsaid infre _ rcers a
heat at | edderchn thetstenis diradtdriged tyameofitedolbwingat h; (c)

sai d transnyssi QR RO 8RR el e ARG si !fﬁ%&ethg thermopile
characterized by a roughness in a range o rom apout
0. 012 pm Re€HEbout 1. 80 pm Ra; and (d) at |east one

gas introdysy i oM KRa@iEimehiSdiskhdt HKOASHd irifraled tHaRANCS ue is adapted
second gag.'tl)et en the i ntff;ar ed radi ati on source and
? eé‘ n of ¢

the therno 'Y epii@pgytion of the transmission path;

(c) said transmission path comprises an inner surface characterized by a

roughness in a range of from about 0.012 pm Ra to about 1.80 pm Ra; and

L her MORickr arlAIRE St fWenBuBEADDGH 5 SHRAL L 06"

{d at least one gas infroduction element is arranged to introduce a second

gas between the infrared radiation source and the thermopile detector.

2 The detector system of claim 1, wherein a process controller receives the output signal

from the thermopile detector.

3. The detector system of claim 1, wherein the process controller comprises an integrated
circuit board that is arranged in immediate signal receiving relationship with said

thermopile detector for minimizing signal loss during signal transmission.

4, The detector system of claim 3, wherein said integrated circuit board is positioned

adjacent to said thermopile detector.

s. The detector system of claim !1, wherein a heating element distinct from said infrared

radiation source is adapted to heat at least a portion of the transmission path.
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2. The detector systemof claim1l, wherein a process

control l er receives the output signal 11 fromthe

thernopil e detector. 3. The detector system of claim
1, wherein the process controller conprises an
integrated circuit board that is -arranged in

i mredi ate signal receiving relationship with said
thernopil e detector for mnimzing signal |oss during
signal transmission. 4. The detector systemof claim
3, wherein said integrated circuit board is positioned

agl] aceme deRctdRbfiehn& ARRI 1, Swillfine S dCkansaissio h}?ﬂg?iﬂﬁ)ﬁgg Man inner

systemof claim1, wherein a heatin enen nct
from SHiRpe pharacieriend b Y@awghqeﬁma%m@gom@bwaptm Rapto about 1.80
heat qimkgast a portion of the transm ssion path J5

6. The detector systemof claim1, wherein said”

transm ssion path conprises an inner surface

Char adhe detz@ét shiendof @&hﬁ NN RERer |c&nﬁlsﬁ§ﬁgﬁastqgw t%&sQ{HtﬁE’éﬁHﬁ element
e aetector

0. Olzﬁg 5@ to a?out 80 N ,
syst e 1L e “cef"ljﬁ‘?f@rgaé&ﬁ%’f”rﬂsﬁaﬂgm%%fcq e4igtiongspurog g8d said
i nt r odhwehbpila detbedsient  arranged to i ntroduce a second
gas between said infrared radiation source and said

thermopile detector. 8. A method of manufacturinga =~

9)

- eni covmetbedart moienfaatieing b kenicontilead devieic rﬁdﬂn»g comprising:

opera rocess inclu processi ng
or OpnR S BGOSR oo g itz oo
o nt r ehY ¢fwepniiering apd @m@@hngﬁsxdmgactshwméteelewor gy efeladd 1.
claim1. 9. A detector system adapt ed for processing
therein a materi al nPr|S|ng a first gas, the system
Conpr Psfgigior éwgeghfﬂapfﬁb o @Epicesping therein panavgiplegongtising Hérst gas, the
sanpl kpgnl @eipBknglef i ning a radiation transm ssion
pat h; an |nfrared radi ati on source constructed and

arranged td SERRING; TR fou dhg Higterali B sampleg ragion dsfiipd b mugfiation
r egi Omansatidion path;

an infrared radiation source constructed and arranged to emit infrared radiation
into the sampling region; and

a thermopile detector constructed and arranged to receive at least a portion of
said infrared radiation following passage thereof through the sampling region, and
arranged to responsively generate an output signal correlative of said material; -

wherein the system is further characterized by any of the following:

(a) at least one gas introduction element is arranged to introduce a second

gas between the infrared radiation source and the thermopile detector;

(b) the radiation transmission path comprises an inner surface having a
roughness in a range of from 0.012 pm Ra to 1.80 yum Ra; and
(c) a heating element distinct from the infrared radiation source is adapted to

heat at least a portion of the radiatich transmission path. '
10. The detector system of claim 9, wherein said system includes at least one gas

infroduction element arranged to introduce a second gas between the infrared radiation

source and the thermopile detector.
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rkin,
b

" a thernopile detector constructed and arranged to

receive at least a portion of said infrared radiation
foll ow ng passage thereof through the sanpling region,
and arranged to responsively generate an out put

signal correlative of said material; wherein the
systemis further characterized by any of the
following: ~.° (a) at |east one gas introduction

el enent is arranged to introduce a second gas between
the infrared radi ati on source and the thernopile

dﬂt eClTHe; defebibr $yo@m!ARHad Q%e}én?ﬁé BtbP BarRlon %)ath comprises an
r| .Ses L}?’g i nner Surface avi n rougnness

r ange iger yriges o ving ooy ghopss in Bda’]g%gﬁ%{) i FHBMO(I@ v Ra.

heating el ement distinct fromthe infrared radiation
urc s, adapted t heat at |east a portiaon of’ the

@ﬁlaﬁvﬁ ﬂp ?6

of cl ahdfatin soueragd dilaptad @ hény &l QRPaipoMSaR: radiatof BdsmRA6n path.

gas introduction elenent arranged to introduce a

second gas between the infrared radiation source and

the t ﬁ&bm@ctbﬂydeheﬁtclafm 10, vlﬁreﬂﬂsmd-rﬁ}ﬁ e bdkiods paﬁﬁsiesembject to
SSI 0N,

of cl erein the r ion trans
conpr ?’SQ de O\lggﬁl’({rlne?r %rb?l?yaﬁ (‘f? Y spueg %ﬁaé’éf%mg ﬁe%°“= and the

~

det ec ri.sing a,heati

P e kg LA o IR R G2 pptneein,
and adapthethermeppileddtectsr. | east a portlon of the

radi ati on transm ssion path. 13. The detector system

of claim 10, wherein said first gas conprises
d4r t i dibe Setesinyj ssiem phelp Wy wiepin siid edledshongraapintradvgtiaat element is

the i nbidpdsdQsl inkOWIcE Srid deBshd SAIIMnz AQNiE &R AR is ASadublfy perpendicular
thernggg?%gdet ctor, and said at | east one gas
0

intr heasflgent i s adapted to reduce formation
of or renove partlcles in or on any of the infrared

urc t regi and t t her no
3gtecﬁge££%or mnaeg H&or“@?@?éﬁ?SEE%‘%Fﬁ?ﬁ “Dﬁﬁ%?%ﬁﬁmmtm
sai d atlapledds introdime gpissecantl godiliot: ia dlivecibietmrid subSantially parallel to the
first gas flow.

16. The detector system of claim 10, wherein said at least one gas infroduction element is
adapted to generate one or more sheaths of second gas that encompass a flow of said

material through the sampling region.

17. The detector system of claim 10, wherein said at least one gas introduction element

comprises at least one porous medium through which said second gas flows.

18. The detector system of claim 10, wherein said first gas comprises a process gas, and said

second gas comprises a purge gas.

19. The detector system of claim 11, wherein said an inner surface has a roughness in a range
of from 0.10 meatoOSOmea

Hmpatempriging a hepdngleleracat Giptingyfeone e infrared

T ange thﬁ IllﬁMblﬂﬁ@Gt@‘lﬁldpmndRaleMOﬂﬂ @@HWI%H ela?nenﬂib@dapted tO reducem .



adapted to introduce said second gas along a direction
that is substantially perpendicular to the first gas
flow 15. The detector system of claim 10, wherein
said at | east one gas introduction elenment is adapted
to introduce said second gas along a direction that is
substantially parallel to the first gas flow 16. The
detector system of claim 10, wherein said at |east one
gas introduction element is adapted to generate one
or nore sheaths of second gas that enconpass a flow of

id =1 t:h apl. | egion. 17.. The .
T e apBLAR syl S HAn 1SRRI el §8 8 s ¢ feged P ranee
gas i of fipEURYi0P%| ement conprises at | east one |

porous nedi um t hrough which said second gas flows. 18.
The detector system of claim 10, wherein said fi'rst ‘
das ¢ cTﬁ‘f) Agtecar systant ofcdaig Igukereimspal radiatin tramsodmsidn gallsis substantially
CONPI iliG&S, afd RHEER sBPRfrardPradidttD sOELeSEd Qd l‘ﬁéﬁ%{)}g@dagctor are aligned
claim 1l, wherein said an inner surface has a. :

r oughAEEE OFPRSIBE Gudi¢fgaid sxdiatiergrangnissn paiRat 00. 801 unRa | ~
20. The detector systemof claim 11, wherein said
iLpner .surface has a reflectivity in a range of from

7% t 41689515 £Ysiem af elepret (Bprely BilemBing v eybstantialy isolared

“wher eifromsaii thifafed irailationsobfca AGIEhiS BieAbpilddeclos

substantially |linear, and wherein said infrared

radi ati on source and said thernopile detector are

3%.i gndtle dedctm gystppatiaiy ecdsnuaicatialy douphd it@tebd@e said material from
transpl ssi . The.det ect or system of claim?9,
where%%ﬁgggﬁuggkgﬂféém9%8?%%“%§&§ﬁbstantiaIIy i sol at ed
fromsaid infrared radiati on source and said

bher MRl ek B6l isinkr or TS RRLEGHOL SUSL AL o BhALTas, ang
9, communicatively coupled to receive Sai terial ’

f r om Saihsepprdiepampatse sl 226 apor deposi ti on chamber .

24. The systemof any of clainms 7 or 10, wherein said

1 rst , gas,c rises a process gas, and -
Eé Agmethodo gP operating a emxconducto:g process including processing of or with a

material comprising a first gas, said method comprising emitting infrared radiation
generated by an infrared radiation source into a sampling region defining a radiation
transmission path and containing said material, receiving at least a portion of said emitted
infrared radiation with a thermopile detector, generating an output from said thermopile
detector indicative of preseénce or 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 method is further. characterized by any of the
following;

(a) a second gas is flowed through at least one gas introduction element and
introduced between the infrared radiation source and the thermopile detector;

) said infrared radiation is transmitted along a transmission path that
comprises an inner surface characterized by a roughness in a range of from about 0.012
pm Ra to about 1.80 pm Ra; and '

{c) at least a portion of said radiation transmission path is heated by a

heating element that is distinct from the infrared radiation source.
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said second gas conprises a purge gas 25. A nethod of
operating a sem conductor process including processing
of or with a material conprising a first gas, said
met hod: conprising emitting infrared radiation
generated by an infrared radiation source into a
sanpling region defining a radiation transnission
pat h and containing said material, receiving at |east

a rei S infrared radiation with a -
t hgér)rmp ™ %‘P‘Z@? Bﬁm gé ‘gl}eﬁﬁlq hgeand gitipdloved Birauglyjaigleast one gas
t hiatrobpiibreeletlatt aad drodusell bubitdel EreChfiRICRERDE sbtrce and the thermopile
@&&?”at' on of a desired conponent of said material,
control I ng one or nore conditions in and/or *
affectl ng the sem conduct or process in response to

: _ -
oAl e AR STt RSP S S Bttt o o
gakatismisfibw patid tmmompgd& s @tindee amface@hﬁamedl H?Ta&@ﬂh&ﬁsl 1ﬁ>ﬁlrange of from
el 8J%d.o ﬁgﬂn%é{&t gygﬁg_’lﬂgt ween the infrared radiation

source an e detector; (b) said infrared
radiation is transmtted al ong a transm ssi on pat h

t hay, C’leﬁétﬁcﬁlsof ink @fn %eélﬂ ?J;l%{ %’i ga%{ ra&lgl%a Q%HSHHSSIOH path is ‘

roughness in a rang from
Tapigtedby s begbing slgme %‘15( @9tmattff0méhﬁslﬂfﬂaedp@;mtmmwuwé said

radiation transmission path is heated by a heating
e t fromthe infrared radiation
sgg'p@gtdet&(ggf %At i"lﬁic Phci}ﬁra%‘?"zﬁ % m 25, wherein a
second gas {83 f| aviest miargauguhoca:gudnaamtd gn@i@ Qnﬂ%&d to introduce a second
i ntrodygty d.introdu et wee
infrar Lt ?g‘rﬁarsegﬁ’pl fionsiros il e ppgtector and
detector. 2{@) Thihe n‘aiuimd tahsntdsih r’pa%&on\{sﬁ@ds@dnnmﬁé#' ddrface having a
infrar |at|on mtted
trans ?%glﬁ%% ’%%{%‘g? @gﬂ@&" agél"ﬂ r surface
char acterized by a roughness in a range of from about
. 28. The method of
gﬁ%neg%&tm&em%ogfm %ﬁﬁéf?‘e%'z tion of said radiation
t ransm ssi ofa) pat dt l¢ast one gas introduction element is arranged to introduce a second
gas between the infrared radiation source and the thermopile detector; and
(c) a heating element distinct from the infrared radiation source is adapted to

heat at feast a portion of the radiation transmission path.

31. The detector system of ¢laim 9, characterized by:

(b) the radiation transmission path comprises an inner surface having a

_ roughness in a range of from 0.012 pum Ra to 1.80 um Ra; and
(c) a heating element distinct from the infrared radiation source is adapted to

heat at least a portion of the radiation transmission path.
32. The detector system of claim 9, characterized by:

(a) at least one gas introduction element is arranged fo introduce a second

gas between the infrared radiation source and the thermopile detector;
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heated by a heating elenent that is distinct fromthe
infrared radiation source. F J 29. The detector system
of claim9, characterized by: (a) at |east one gas

i ntroduction elenent is arranged to introduce a second
gas betmeeqaghe jnfrared radiati on source and the

t her mopi | e Gét edforadiHen trensmission mailli @ipeisest dnapger mnhaving a
pat h congmess &sa @hipeiof 6 0 { ngp,a roughness in
a range of fyom @Olzﬁoggi%iﬁ.tgggdﬂﬁgﬁg’.aﬂgo. The

det ect &:m s )ﬂg): em?JFEE slepeig distinr fram tlerinteeel faNiatidnaburad s adapted to
| east t Bas a portisrDST ik B0 .is arranged to

i ntroduce a segond gaékgg?ﬁggﬁﬁﬁﬁlnpﬂﬁrared radi ati on
source and the thernopile detector; and (c) a heating
el ement distinct fromthe infrared radiation source is
adapted to heat at |least a portion of the radiation
transm ssion path. 31. The detector systemof claim9,
characterized by: (b) the radiation transm ssion path
conprises an inner surface having a roughness in a
range of fromO0.012 gmRa to 1.80 pmRa; and (c) a
heati ng el enent distinct fromthe infrared radiation
source is adapted to heat at |east a portion of the
radi ati on transm ssion path. 32. The detector system

of claim9, characterized by: (a) at |east one gas

i ntroduction elenent is arranged to introduce a second
gas between the infrared radi ati on source and the
thernopil e detector; (b) the radiation transm ssion
path conprises an inner surface having a roughness in
a range of from0.012 pmRa to 1.80 pmRa; and (c) a
heating el ement distinct fromthe infrared radi ation
source is adapted to heat at |east a portion of the
radi ation transm ssion path. 20
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