WD 2004/ 010462 PCT/ US2003/ 013937 | NFRARED THERMOPI LE DETECTOR SYSTEM FOR
SEM CONDUCTOR PROCESS MONI TORI NG AND CONTROL BACKGROUND OF THE | NVENTION 5
Field O wbeotamess2i on This invention relates to infrar@dTiuseeasmpide
systens for sem conductor process nonitoring and control, and to a nethod
of nonitoring and controlling sem conductor processes using 10 infrared
thernopil e sensing of conditions in and/or affecting such processes.

Descri pti onINFRAREDREHERMOMTIE PETROTORSYSTEM FOR $MIEONDIXCTORI i n the
sem conductor industry generally have two purposes. One type of such
device is used as a saf BROCESANONIEORING: AEPSMNTROLg. , personnel 15
operating the sem conductor process equipment or ot hervm se in proximty to
such equi pnent) of the presence of tOXI c_or_otherwi se hazardous naterial s
associated with the procC DN NMHQXent of the process
system These safety sensors, sonetines ter rred "life safety sensors,"” have
| ower detection limts consistent wth the threshold limt val ues (TLVs)

of the gases and vapors to be detected. By way of exanple, an arsine gas
safety sofgQofMY. MPedtd¥e @ |ower detection limt of 50 parts per billion
by vol unr%’p‘r?b—)‘,—‘s?ﬁ‘a‘t any concentration of arsine that is 50 ppbv or
hi gher will be sensed by the safety sensor device. The ot her purpose for
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and control, and to a method of monitoring and controlling semiconductor processes using

RIS

10  infrared thermopile sensing of conditions in and/or affecting such processes.

Description of the Related Art

Sensors and monitoring devices used in the semiconductor industry generally have two
purposes. One type of such device is used as a safety sensor to warn persons (e.g., personnel
15  operating the semiconductor process equipment or otherwise in proximity to such equipment)
of the presence of toxic or otherwise hazardous materials associated with the process in the
ambient environment of the process system. These safety sensors, sometimes termed “life
safety sensors,” have lower detection limits consistent with the threshold limit values (TLVs)
of the gases and vapors to be detected. By way of example, an arsine gas safety sensor may
20 have a lower detection limit of 50 parts per billion by volume (ppbv), so that any

concentration of arsine that is 50 ppbv or higher will be sensed by the safety sensor device.

The other purpose for which sensors and monitoring devices have been used in the

semiconductor industry is controlling semiconductor process. Examples include SiF,



1 WD 2004/010462 PCT/ US2003/ 013937 wultraviolet (UV) em ssion detectors
that are used to provide a signal indicative of the conpletion of chanber
cl eani ng wpenatile4se. The sem conductor manufacturing fi eCa/useensionisds t o
seek inmprovenents in process 5 nonitoring and control. SUMVARY OF THE

| NVENTI ON The present invention relates to infrared thernopile systens for
sem conduct or process 10 nonitoring and control, and to a nethod of

noni t or i ngltravidlec UV) @hlidsivg S@e6t@e rthitcdrorused to posilesa inalgindivhtivar efl the

t hermopi | e sensing of conditions in and/or affecting such processes. In
one aspectomplionrekaitier tleantiy dperatiogd. at es to a sem conductor process system
including flow circuitry for flow of a process gas. The system conpri ses:
15 a gas sanpling region for the process gas; an infrared radiation source
constructed and arranged to transmt infrared radiation through the gas
sanpling region; a thernopile detector constructed and arranged to receive
infrared radiation after the transm ssion thereof through the gas sanpling
r egi on andh¢ cemé®pdursir v eayufaemirga tfieldawontthuwiD t8 04k OibfptGRnieaF/ (SPOBB9s013937
out put signal correlative of concentration of at |east one selected
conpongnt mohitdring anpreatess gas; and

SUMMARY OF THE INVENTION

The present invention relates to infrared thermopile systems for semiconductor process
10  monitoring and control, and to a method of monitoring and controlling semiconductor

processes using infrared thermopile sensing of conditions in and/or affecting such processes.

In one aspect, the present invention relates to a semiconductor process system including flow

circuitry for flow of a process gas. The system comprises:

15 a gas sampling region for the process gas;

an infrared radiation source constructed and arranged to transmit infrared radiation

through the gas sampling region;

a thermopile detector constructed and arranged to receive infrared radiation after the

transmission thereof through the gas sampling region and to responsively generate an



process control neans arranged to receive the output of the thernopile
detector and to responsively control one or nore process conditions in
and/ or afwecpéagotsde sem conductor 5 process system | mCaruskésrizmspect ,
the invention relates to a nmethod of operating a sem conductor process

i ncludi ng processing of or with a gas, said nethod conprising sensing
concentration of a desired conponent of said gas with a thernopile
detector, Q@RAf dlchNdcaRlBW PBcofdeptatial 6f dtOleishanenpletted detpaicor of theti cati ve
of concentration of said selected conponent of said gas, and controlling
one or nnr%nggggg&ugas in and/or affecting the sem conductor process, in
response to said output. O her aspects, features and enbodi nents of the
invention will be nore fully apparent from 15 the ensuing discl osure and
appended cl ai picesBRirEo] REHCR RO 2beiid-he DRAMIINGS thémGpikEdetecias apd §chemat i ¢
representation of a thernopile detector system 20 3 WO 2004/010462

PCT/ US2003/10¢b383vely EnbRine 2r indredpradespéonaftiohRnaed/br ffegtig thé sumivendajtomnd
arsine concentration, FT-IR (ppm (curve B) as a function of time, in
secongds, fQfo@sddy@EMoOpi l e detector in side-by-side service with an FT-IR
spectronmeter, nonitoring arsine breakthrough in the exhaust of a dry
scrubber "test colum. 5

In another aspect, the invention relates to a method of operating a semiconductor process
including processing of or with a gas, said method comprising sensing concentration of a
desired component of said gas with a thermopile detector, generating an output from said
10  thermopile detector indicative of concentration of said selected component of said gas, and
controlling one or more conditions in and/or affecting the semiconductor process, in response

to said output.

Other aspects, features and embodiments of the invention will be more fully apparent from

15  the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic representation of a thermopile detector system.

20



FIGURE 3 is a schematic diagramof a sem conductor process facility,
utilizing thernopile detectors for gas phase nonitoring and control of
process swpeamgiasgoci ated with a sem conductor procesgcraskomndsabat enent
unit. 10 FIGURE 4 is a graph showi ng the response of a thernopile detector
systemas a function of different trinmethyl silane concentrations. FI GURE
5is a graph showing a calibration curve for trinethyl silane based on the
i nf or mat i BIGTERIPR cstaegtaphrofER geli sigdhl (cbbveDDRAL hisie CEBERIFIDh IR -B-(pPhEE (dulENTI ON,
AND PREFERRED EMBCDI MENTS THEREOF The present invention provides an
i nfrared Bheyafiprtion ofeiiec inosecayds;tform tisahaplile detecto?fl skieriyesidedentcerwifir amcess
monitoring and control, and a nmethod of nonitoring and/or 4 WO 2004/ 010462
PCT/ US200BT IR 39&ctromeent moditoring agsdie redkihiolight inpthe ¢elkmieisofus idRgsdrutbe tesid
t hernmopi | e sensing of conditions in and/or affecting such processes. As
used her etdslymh.he term "sem conductor process"” is intended to be broadly
construed to 5 include any and all processing and unit operations invol ved
in the manufacture of sem conductor products, as well as all operations
involving treatnment or processing of nmaterials used in or produced by a
sem conductor manufacturing facility, as well as all operations carried
out in connection with the sem conductor manufacturing facility not

FIGURE 3 is a schematic diagram of a semiconductor process facility, utilizing thermopile

detectors for gas phase monitoring and control of process streams associated with a

semiconductor process tool and abatement unit.

10  FIGURE 4 is a graph showing the response of a thermopile detector system as a function of

different trimethyl silane concentrations.

FIGURE 5 is a graph showing a calibration curve for trimethyl silane based on the

information depicted in Figure 4.
15

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED

EMBODIMENTS THEREOF

The present invention provides an infrared thermopile detector system useful for

20 semiconductor process monitoring and control, and a method of monitoring and/or



i nvol ving active manufacturing (exanples include conditioning of process
equi pnent, 10 purging of chem cal delivery lines in preparation for
oper at i orwoeabetniedeeani ng of process tool chanbers, abaremarsRoosfo139exi c or
hazar dous gases from effluents produced by the sem conductor manufacturing
facility, etc.). The operation of the infrared detection system of the
invention is based on the fact that nost 15 infrared energy-absorbing
nol ecul esCYR©Bing spraicprdusir prodesaes using anfrasidgberaopileseasigy of @wditieys is end/othat
when a gas, liquid or solid conposition is exposed to a broad wavel ength
i nfrared affestipgsucbprocesses.i nfrared ener gy- absorbi ng conmponent (s) of that
conposition will absorb a portion of the IRIlight at very specific
wavel engt hs. This phenonmenon in turn enables the conparison of the energy
spectrumwi th and without the IR absorbing conponent(s), to 20 obtain an
absorption profile with patterns that can be used to identify the materials
in conposition Additionally, the concentration of a material in the
conposi ti “iS%fp bereac theytermy g seatisoaduasgr pRessH s Riendst toj fgnlbroadhn conisruehisor bed
by the_material. 5 W 2004/010462 PCT/US2003/013937 Early IR analyzers
ver e spectiFfetady said gl poeessige aandnynit cppigtiefse involvedrins the memifaaterk ¢fR
radiation into its individual wavel engths. The individual energies would
t hen be i ftieRadeder piodueis.aasgysll cas| 41l pyerativan dnvelving msetombt er prdcessmgeoft ur e
and the radiation of the selected wavel ength passing through the gas cell
woul d be Betceels éiged By eh Peiduerdr by ¢ esemRondugioy reamnfastugisg dawlitpc by wall @s all
processing neans to correlate the slit aperture position with the IR energy
| evel andorskaions garaiked fquprin tdeanagtiore otithr the sssthiqondubtrememdaayringefasility not
absor bance rel ati ons.

involving active manufacturing (examples include conditioning of process equipment,

10 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.).

The operation of the infrared detection system of the invention is based on the fact that most
15  infrared energy-absorbing molecules absorb infrared radiation at discrete energy levels, so
that when a gas, liquid or solid composition is exposed to a broad wavelength infrared -
radiation, the infrared energy-absorbing component(s) of that composition will absorb a
portion of the IR light at very specific wavelengths. This phenomenon in turn enables the
comparison of the energy spectrum with and without the IR-absorbing component(s), to
20  obtain an absorption profile with patterns that can be used to identify the materials in
composition. Additionally, the concentration of a material in the composition is directly

measured by the amount of light that is absorbed by the material.



The princi pal drawbacks of dispersive spectroneters are the use of novable
parts that are prone to failure, the cost of the spectroneter apparatus
due to thwormedan4eef conponents, and 10 the sl ow col | eeCirars2e0aoe33t hat are
characteristic of dispersive spectroneter operation. Fourier transformIR
(FT-1R) spectroneters, |ike dispersive spectroneters, also use broad
energy IR sources. The originally generated JR beamis split into two beans
and an i Barhr Repmiyzerspatrt epectiometersethitaded grating déchgiqoeseorafristido ek BBans i n
and out - of - phase, using a 15 novable mrror. A laser beamis used-to :
noni t or thdiatiecate B individuak waveledgibe. The individital edergies wordd theAfbt éntrodheeddual
beamis sent to a sanple, a sensor conponent of the spectroneter device
recei ves ine acganwell Uiye eheamsf 6210 adovwessble sjiiabjeeture tal é@tehadiatior lof theesdlasdr -
positioning beam That information is then sent to a conputer and
deconvol uiveetlgngihnghsénd cioughr the ighao8lf would dk detettedmSudih dispsrdrgIR wealy@Eas mrror
di spl acenent data is thereby converted into 20 energy versus absorbance
rel at i 9nstdeplecthifc Praelapkbemt td forkdiits prRCdlit @p@ived Poditivdl wille tHel 1B énergy
conpl exity and substantial cost. 6 WD 2004/010462 PCT/ US2003/ 013937
I nfrared tchdni®elspnaletRe tHeldstcatb a b endrgy tdiss RbREUaheefioishe present
i nvention, and have t.he nmajor advantages over dispersive and FT-IR
spectroneters of (i) low cost, (ii) sinplicity of design (no novable
parts), (iii) fast response. 5 The thernopile-based infrared nonitoring
system of the invention conprises an infrared (IR) |ight source, a gas
cell and a thernopile detector. The gas cell is a gas sanple nonitoring
regi on, whhe principal deawbadadfpdigetsivespafirotmbters av dint issnofimagvablenprts gt ary
sui t abl e conpart nent,

prone to failure, the cost of the spectrometer apparatus due to the number of components, and

10  the slow collection rates that are characteristic of dispersive spectrometer operation.

Fourier transform IR (FT-IR) spectrometers, like dispersive spectrometers, also use broad
energy IR sources. The originally generated IR beam is split into two beams and an
interference pattern is created by sending one of the two beams in and out-of-phase, using a
15 movable mirror. A laser beam is used to monitor the location of the movable mirror at all
times. After the dual beam is sent to a sample, a sensor component of the spectrometer
device receives the convoluted infrared wave pattern together with the laser- positioning
beam. That information is then sent to a computer and deconvoluted using a Fourier
transform algorithm. The energy versus mirror displacement data is thereby converted into
20  energy versus absorbance relationships. The drawbacks of FT-IR spectrometers include their

complexity and substantial cost.



passageway or chanber in which the gas to be nonitored is subjected to
passage of IR light through the gas for the purpose of using its IR

absor bancwodetsrimened out put to generate 10 control si gRar(GsSpooBoI39PT OCESS
nonitoring and control. The nmonitoring systemin preferred practice
utilizes mrror(s) and/or lenses to collimte and direct the IR Iight The
thernopile detector generates snall voltages when exposed to IR |ight (or
heat in Infrered thespepile %tect@g pgemployathia theipragliceif dpatresght ipyratipn éﬁ%?)‘fel e
detector is proportional to the incident radiation on the detector. 15
Ther nopi the neigaredvantages apir dispersive andBT-HR epastrometersrad ¢ leve oost, (Hhemplietent

i nvention have a multiple array of elenents in each detector unit. For

i nst anceof desiga (pumdvablegrans) (ideseaspense.one  of the thernopil e detector
elements is used as a reference, sensing IRIlight in a range in which
substantially no absorption occurs (e.g., wavelength of 4.00 + 0.02 m. The
second 20 thernopile detector elenent is coated wwth a filter that senses

| R enér g¥hd thetnvpile-peet idftaredamgetoriog systeneofdhe inventoh compdses ah infarmgdgR)ependi ng
on the particular material to be nonitored). Conparison of the differences
i n the vhitagese, gegaercall edd byhdrinepiteafetactonc &ht lyes eablpis lacgasl edrayde oronitedirgrent and
those generated by the thernopile detector active elenent(s) provides a
concent r segloawhieh diithe iveiatl pradogtead oy invatitivh map compdsetang suitplielcomgateatt,or

el ement arrays are 7 WD 2004/010462 PCT/ US2003/ 013937 commercially

avai | abl passdgewaesiadham®er infwiackithe pan® bk nitelitemt a8 subjdcted to Passabetof R dightel enent

is enployed as a reference and the remaining 3 detector elenents are
uti i zedthksdgh TRa gAY RIBAE Burpose of using its IR absorbance-determined output to generate
10  control signal(s) for process monitoring and control. The monitoring system in preferred
practice utilizes mirror(s) and/or lenses to collimate and direct the IR light. The thermopile
detector generates small voltages when exposed to IR light (or heat in the IR spectral regime).
The output signal of the thermopile detector is proportional to the incident radiation on the
detector.
15
Thermopile detectors employed in the preferred practice of the present invention have a
multiple array of elements in each detector unit. For instance, in a dual element detector, one
of the thermopile detector elements is used as a reference, sensing IR light in a range in which
substantially no absorption occurs (e.g., wavelength of 4.00 + 0.02 pm). The second
20 thermopile detector element is coated with a filter that senses IR energy in the spectral range
of interest (such spectral range depending on the particular material to be monitored).
Comparison of the differences in the voltages generated by the reference thermopile detector

element and those generated by the thermopile detector active element(s) provides a

concentration measurement. Detectors with up to 4 thermopile detector element arrays are



in different spectral regions. 5 A schematic representation of a

t hernopi | e- based detector systemillustrating its operation is shown in

FI GURE 1,weatreewiiMelR source 10, such as an IR | anp, genecatisgoa/odooad
(extended spectral range of JR wavel engths) infrared beam 12. The IR beam
12 i's inpinged on the gas cell 14 having an interior volune 16 in which
the gas to be nonitored is present for analysis. The gas cell may be a
conpar t mesvmmerioly awaleble.ofat exaepiein od-gondnt deteabr aniigase ddtentorcbeanatmi is i n 10
t he sem conduct or process system Alternatively, a slip-stream (side
stream ofmploygdssfhalreferencmandbke emhimagt edbidotariemehtsave witiaellifor neasupemomesss t ool
piping for the gas nonitoring operation. After passage through and

i nt er act i mnlifférért spdogralpagionsn the interior volume 16 of the gas cell 14, IR
radiation 18 emtting fromthe gas cell 14 after traversing sane then

i npi nges on 15 thernopile detector 20. The thernopile detector unit may
utilize enbedded IR filter(s) allowing the radiation of specific IR

wavel engt Ascliemapia s&prédamitaticioftatBeriopBPbatd detpctd dyktein (iBystrafin} itsCopafgiomance of
whi ch the thernopile detector determnes the radiation intensity and
produces shd#nGh FIGIUREA| (vBgeinIR goate | @sudpahingRamBptgetattdebded Rgteaded The
vol tage output of the thernopile detector unit shown in FIGURE 1 is passed
by means gectsdl gt of IRAEMI&SIHE) intrhiRe bédn 22. TRe IEPdahAl2 BIAFASSRT Ji0ths!BAst 24,
e.g., a personal conputer, mcroprocessor device, or other conputational

neans, WheflieidhavRletaddfteSdrdRin{eS)s i HHedhahe sasty bt ARnAGtE Kliseh! BNRALLS) are
algorithmcally mani pul ated to produce an out put concentration value for

each of the 83%ell & iad. . .
BT/ US200%) 0%139% ! B0 R 8okpaRtneRt, ctod-8Jc88al rddioer p0Pbh BADRFow conduit in

10  the semiconductor process system. Alternatively, a slip-stream (side stream) of a gas flow

may be extracted from a flow conduit or process tool piping for the gas monitoring operation.

After passage through and interaction with the gas in the interior volume 16 of the gas cell 14,
IR radiation 18 emitting from the gas cell 14 after traversing same then impinges on
15  thermopile detector 20. The thermopile detector unit may utilize embedded IR filter(s)
allowing the radiation of specific IR wavelengths to pass through the (respective) filter(s), in
consequence of which the thermopile detector determines the radiation intensity and produces
an output voltage signal for each element of the detector. The voltage output of the
thermopile detector unit shown in FIGURE 1 is passed by means of signal transmission line
20 22 to central processing unit 24, e.g., a personal computer, microprocessor device, or other
computational means, wherein voltage signal(s) generated by the detector element(s) are
algorithmically manipulated to produce an output concentration value for each of the gas

component(s) of interest.



The thernopil e-based anal yzer systemillustratively shown in FIGURE 1
includes mrrors 26 and 28 for focusing the IR radiation. Mrrors can al so
be used twomd4iipwas the infrared beam nore than one t iPEE/BCOIBHE3IIBNe
interior volume 16 in order to enhance the detection |imt. The infrared
|l ight source 10 in the FIGURE 1 system nmay be of any suitable type, as for
exanple 5 a PerkinElmer IRL 715 infrared lanp providing IR radiation in a
spect r umTok tfenaopikiaséd shalyeer spdian ilhdirGivelyvshoeh énBIGURE héncludes mispirs 26
detector 20 |ikewi se may be of any suitable type, as for exanple a

Per ki nEl mRa 23 RS feotsingitigiRaadieione timorsecakRalsks ibe kbedre muFipadsxhe miragd beam
detector, a PerkinEl nmer 2534 dual detector, or a PerkinEl mer 4339 quad

det ect or ;a8 thal V&€ HMA hyrod thelRfioadleme 16 & @datas ehankelbedageibn Gaiti dhe of t he
invention. Such illustrative 10 infrared |light source 10 and thernopile
det ect or i2fhr6d BER RbScAM CinGRIMETURE kysteay fial 80 bLardyrseitabldigpds ian fdr erample

Opt oel ectroni cs (W esbaden, Germany). Thernopile detector elenents in one

pr ef err ed, RABARIEML 015 fH1liSred MG YrbABND AN Saddatio SPHEPRErunk bfBorm AbdMIE td 0- 40 -
mllisecond (ns) range. Thernopile detector units enployed in the practice

15 of t hepLved in0RaRlcetBd YR HRARPIR| déte6ON DO AREVASE Wby bt steing Ghitbleahsr ber
areas for collecting the infrared light to be neasured, with thermal

el enent s pogi tLigRad LeLRWEINE Ak 8kP/MRS 8fectOa Hel@hEIRE rTPSeskx Lighle

i ncident on the absorber area heats the absorber area and generates a

vol tage ?ete%g?, 9 ;ﬁeﬂaﬁElh{%?%M R allet¥O! dr 2P e it EH BEBA gFHT B&ibctaEasur e of
the incident ‘radiation power. Such thernopile detector unit advantageously

enpl oys qlegé%?a_eﬁ g)?(aegi{a%lezgl d %Lvﬁl?reﬁ&l uEé‘%;ﬁcht‘Riﬁ oend iﬁ’s%ﬁﬁor{.i Ish&d ituBtrdifvent  of

t he thernopi etector ele , SO that the decrease in output voltage

genergf eqng%rg& yglﬂ shil€l TORId ¢ exjm%pﬁié §&&haro reﬁén&h@@_relt Quinkteci AR RHabRS frorh Nf r ar ed

dr
absorption e correspondi ng  gas. The thernopile detector unit as
mentio necbe%XEImer Optoelectronics (Wiesbaden, Germany).

Thermopile detector elements in one preferred embodiment of the invention have a response
time in the 10-40 millisecond (ms) range. Thermopile detector units employeci in the practice
15  of the invention are advantageously configured with detector absorber areas for collecting the
infrared light to be measured, with thermal elements positioned below the absorber area, so
that infrared light incident on the absorber area heats the absorber area and generates a
voltage at the output leads, as a DC voltage providing a direct measure of the incident
radiation power. Such thermopile detector unit advantageously employs a gas-specific
20 infrared radiation band pass filter in front of the thermopile detector element, so that the
decrease in output \;oltage generated by such thermopile is directly related to the amount of
infrared absorption by the corresponding gas. The thermopile detector unit as mentioned may
include a multiplicity of absorber areas, including reference (unfiltered) absorber and gas-

filtered absorber regions, with the latter filters being gas-specific for sensing of the



include a multiplicity of absorber areas, including reference (unfiltered)
absorber and gas- filtered absorber regions, with the latter filters being
gas- speciwpeodsarosensi ng of the 9 WO 2004/ 010462 PCT/ USRGOBLQ389837

sem conduct or gases or gas conponents of interest (e.g., arsine, phosphine,
germane, stibine, distibine, silane, substituted silanes, chlorine,

brom ne, organonetal lic precursor vapor, etc.). |In accordance wth the

i nvent i onsentidvadimdgi dases loRgabadoapbmentust] ihtsreatr(e.gL) asing) physisnnge, gsrendnd, 6tibing
process control in sem conductor process applications, as described nore
ful |y bel distibidg)situne, subdtitigdd sttt ed cchdviine chromitie, @fanbimetallic\pestintsonyapbi etc.).
thernopile IR detector unit is enployed as a gas delivery nonitoring unit,
e.g., as anin-line nonitor installed in the gas delivery line of a

sem conductor tool, to ensure delivery of an appropriate concentration of
mat eri al InNdcBorlifhck heitlt MRl inedhaom eheradPl® MR fdeR¥loL ufiiGUare nigefull emigldifed for
application, the inherent stability of the thernopile detector unit
facilisatgscaasednial B seRRERMIApIo0ss IRABAMBERE Usscribéanat filllybeldwher mopi | e
detector unit for such gas delivery sensing and control in turn mnimzes
the need to calibrate mass flow controllers used for netered delivery of

the feed gas to the tool. Further, the signal generated by the thernopile
det ect or Wnk iRRERERS{REARACES GO mv@ﬁthon,lﬁleaﬁarﬁg%mru&ect& bR id apieypaNt ed i n
t he sem conduct or process, e.g., involving feedback from the thernopile

det ect or 4 L,stq@ritde midRdotink@W QN Al h¥he WMIGSRAUNRUVEL I JabaEIRBS IR
decr ease deli very rates so as to malntaln constant concentrati on,

vol unmetri G f %éﬂ’{i’ﬁ&ﬁﬁ@tm {062 8E Bisufel cﬁzgver? of an afc)]ﬁe}gt)ﬁﬁ%t Qferulatibts bf AbdMA into

enbodi ment o e Invention, a thernopile ector unit 1s utilized as 20

an abgg enﬁlgttocgloé?llamﬁg}nérfd%lrlfﬁ)rw Ef?&ui@}n "i’lpgﬁc%n%iica%i)ﬁﬁ,t B0 ifi¥kenk rsﬁﬁ‘flihngf gif | uent

produced In a

thermopile detector unit facilitates accurate concentration measurements. Use of the
thermopile detector unit for such gas delivery sensing and control in turn minimizes the need
to calibrate mass flow controllers used for metered delivery of the feed gas to the tool.
Further, the signal generated by the thermopile detector unit enables feedback control
15  arrangements to be implemented in the semiconductor process, e.g., involving feedback from
the thermopile detector unit to the mass flow controller to responsively increase or decrease

delivery rates so as to maintain constant concentration, volumetric flow rate, reagent flux, etc.

In another illustrative embodiment of the invention, a thermopile detector unit is utilized as
20 an abatement tool controller for an abatement system for treating effluent produced in a
semiconductor manufacturing operation, or other industrial process. For such purpose, the
thermopile detector pnit advantageously is installed at the inlet of an abatement apparatus,
where the abatement apparatus receives the effluent to be treated. In such service, the

thermopile detector unit is used to sense whether or not an upstream tool that generates the

10



sem conduct or manufacturing operation, or other industrial process. For
such purpose, the thernopile detector unit advantageously is installed at
t he i nl etwof2oawmiedsat enent apparat us, where the abat eme®CTASPE3ALINS7
receives the effluent to be treated. In such service, the thernopile
detector unit is used to sense whether or not an upstreamtool that
generates the 10 WO 2004/010462 PCT/ US2003/013937 effluent in active

on- st r ea¥FMPLriathitte onistedn opetatial is iearoptivatpengingmaee, arltethttelyarticthst y

whet her or not the upstreamtool is in a non-effluent-producing state,
e.g., UNGemngpiHRCupptiaei 0@l & in &heaBifignt-pib@cingata®p.d. cudietgeoteopurging ©F by way
of specific exanple, is usefully enployed as an abatenent tool controller

for an efddatfiapt TEEh le dStdEbr @sit, By Wal of spetilfib exaryple ds dsgfultycampdyed as 5
whereby the presence of the thernopile detector unit transforns the

scrubber i ntAefent IHREnirollSCHbHRREuAN bR RRESS b het @hftbel @ndyy atutbbe
scrubber, allow ng conservation of resources (lower consunables) to be

achi eved. . A5,3MAt Redentd bRt HREhYS1cQrRBIE Bnit ixtRfdMe EnRhbBedfloeLtsalarttini t i s
useful in an effluent abatenent = 10 application for facilitating the

swi t chi ng 0t a0k SR Mce S el FIERRcyaIHS scrabit, eAMRRind EQRENRIN offREdadRs ,
dependi ng on the type of effluenf being discharged from an upstream

senicondqﬁ&ﬁgcmg]9§§%§Kﬁ£gkhﬁgﬁgn ef fluent abatenent scrubber. For _
i nst ance, en the thernopile detector wunit detects a deposition naterial

(e.g., silane, lowk material), the effluent gas streamcould be sent by
the nonitoring and control systemto an abatenent tool nost appropriate for

15 abate %%%10?1;61? ﬁlﬁ%@% %}%grﬂ)geh tﬂeQﬁ@rﬁlBﬁlcﬂﬁ%&} kPR uBRGR 38 efbi@RbASmentt her nal

oxi dati on I _ n th hernopil'e detector unit does not sense the
depOSfOt ! Oa%pﬁcaattigﬁ 'foqlfaciﬁtlitiﬂgrmé lsv@i%chtir{kaéf dbEment equipment and/or abatement treatment

methods, depending on the type of effluent being discharged from an upstream semiconductor
process tool to an effluent abatement scrubber. For instance, when the thermopile detector
unit detects a deposition material (e.g., silane, low-k material), the effluent gas stream could
be sent by the monitoring and control system to an abatement tool most appropriate for

15  abatement of the effluent from the deposition process (such as a thermal oxidation unit).
When the thermopile detector unit does not sense the deposition material, it implies that the
tool (e.g., an upstream vapor deposition chamber) is undergoing a cleaning step, and the gas
stream then is sent to a different “best available tool” for abatement of the cleaning step
effluent (e.g., a water scrubber).

20
As yet another illustrative example, the thermopile detector unit is usefully employed as an
end point detector, which is installed downstream from a semiconductor process chamber. In
such service, the analyzer serves as an in-line monitor to sense the concentration of species

discharged from the process chamber as a function of time. Changes in the sensed
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tool (e.g., an upstream vapor deposition chanber) is undergoing a cleaning
step, and the gas streamthen is sent to a different "best available tool"
f or abat ewerbodafiodehe cl eaning step effluent (e.g., a waCeUssasobdyar). 20
As yet another illustrative exanple, the thernopile detector unit is
useful ly enployed as an end point detector, which is installed downstream
froma sem conductor process chanber. In such service, the anal yzer serves
as an i n- beneentiatien pHthet disohanged effvent dome thetnregesoehaptbes graciectsed ¢ ganbtateged
fromthe process chanber as a function of tinme. Changes in the sensed 11
WO 2004/ 04@ipeint FgTHls)8ROGaM s 3a8 7o apdnaeoperaiiri eml/@f tot duéonalitic cinepesseedntdl | uent
fromthe process chanber can be used to generate endpoint signals that can
be sent t equipmenddiat eeperaively,shatsdbown thempaartivsat indtiapes posiggoasesity tdps sedui pment
t hat responsively shuts down the apparatus or initiates post-processing

st eps suchs puge, geargeg, el eani ng, etc. 5 FI GURE 2 shows neasurenents
collected using a thernopile detector unit in side-by-side service with an
FT-1R Spectroneter, to nonitor arsine breakthrough at the exhaust of a dry
scrubber test columm. The arsine streamwas sinul ative of the As-containing
ef fl uent FHIRE Qedioly nieasieemans chllztied usiey iadiersiopile tiecteaorauisicin sidechyprideg
process, or alternatively by a 10 gallium arsenide epitaxial growth
process. Agvishanh ab\FT-IRespettiotester, b mbhidrarsthe Brbekthrbuphraip éxdadebLedor unit

response (curve A) was faster than the FT-1R spectroneter signal
scrubber test column. The arsine stream was simulative of the As-containing effluent
produced by a semiconductor device structure arsenic doping process, or alternatively by a
10  gallium arsenide epitaxial growth process. As shown by the curves in FIGURE 2, the
thermopile detector unit response (curve A) was faster than the FT-IR spectrometer signal

(curve B), and the thermopile detector unit was capable of capturing the concentration

changing trends.

15 FIGURE 3 is schematic representation of an exemplary semiconductor process system 100,
including an illustrative semiconductor process tool 102 coupled with abatement unit 104 for
abating effluent components that are of a toxic or hazardous character. The system includes a
central processing unit (CPU) 110 for process monitoring and control utilizing various
thermoﬁile detector units, as hereinafter described in greater detail.

20
The semiconductor process tool 102, as shown, is arranged to receive a source reagent from
source reagent supply 108. By way of examples, the semiconductor process tool 102 may
illustratively comprise an epitaxial growth chamber, with the source reagent being a silane

gas, or the semiconductor process tool 102 may illustratively comprise a chemical vapor
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(curve B), and the thernopile detector unit was capable of capturing the
concentration changing trends. 15 FIGURE 3 is schenatic representation of
an exenplapyosermmonduct or process system 100, incl udi rgTars2e03lou9sT at i ve
sem conductor process tool 102 coupled with abatenent unit 104 for abating
ef fluent conponents that are of a toxic or hazardous character. The system
includes a central processing unit (CPU) 110 for process nonitoring and
control dédokitigh QVIDRIchatiser redebiinmmpmi bigabaietadtio prevursdrsirora shehenueske rredeeRlr
described in greater detail. 20 The sem conductor process tool 102, as
shown, i suply ABYGChE Broces @bol @ 0Amap tlusieativelagempriferamnottsoprocesingagemta suppl y
108. By way of exanples, the sem conductor process tool 102 may

i 11 ust r atiiedndusionahuganaheRiilitgxi al growt h chamber, with the source
reagent being a silane gas, or the sem conductor process tool 102 may
illustratively conprise a chem cal vapor 12 WD 2004/010462

PCT/ US2003/ 013937 deposition (CVD) chanber receiving an organonetal lic

Pr eCUkSOlgfi kOO ARRH TR IBAGRI Nuppls UDP Fywd UBfec®lint he4 for the emsicdndodtorl 02 may
illustratively conprise any other processing unit in a sem conductor

manuf act lbgd'cQsQ hAGiobi théed BnSOUr SR tRA0AMNS HowOMBnSOECI 2 feqaigpstl wisipplays 108
flows infeed line 114 to the sem conductor process tool 102. Feed |ine

114 cont g,0Softrbis Setf oW 28R 5 Alriter38 Iobépied vl i @khsyilbw cantfGIsSin dpbative
controller set point adjusting unit 138, coupled to the nmass fl ow

controll ‘%élaﬁo%gﬁp Alepded V& tpérﬁloﬁﬁé SRt €6 6 Boured Aeh TRk Rkl Bofeed  uNi t

116 is nounte n an in-lTrne manner in fee
line 114, and arranged for detection of the gaseous reagent flowed to the semiconductor

10 process tool in such feed line 114. The gas concentration signal generated by the thermopile
device 116 is transmitted in signal transmission line 142 to the CPU 110. The CPU 110 may
in turn be arranged in controlling relationship, by means of control signal line 140 to the mass
flow controller set point adjusting unit 138, which in turn controls the set point of mass flow

controller 112.

15
In this manner, the set point of the mass flow controller may be modulated in respect to the
concentration sensed by the thermopile detector 116, to responsively adjust the set point of
the mass flow controller by adjusting unit 138, so that mass flow controller 112 provides a
precision set point flow of the source reagent to the semiconductor process tool.

20

In the FIGURE 3 system, the semiconductor process tool 102 produces an effluent that is
flowed in effluent discharge line 118 to the abatement unit 104 for treatment to produce a
treated effluent of appropriate character, which is discharged from the abatement unit 104 in

abatement unit discharge line 124.
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line 114, and arranged for detection of the gaseous reagent flowed to the
sem conduct or 10 process tool in such feed line 114. The gas concentration
si gnal gewenat«dodsy the thernopile device 116 is trans®crtusdousmizsynal
transm ssion line 142 to the CPU 110. The CPU 110 may in turn be arranged
in controlling relationship, by nmeans of control signal line 140 to the
mass flow controller set point adjusting unit 138, which in turn controls
the set pentmizbndmss pidoosw toclcafflwent diechadgtAine 138 lam shdwiscominser themnfopils et

poi nt of the mass flow controller may be nodul ated in respect to the
concent r afeteotor @IS €20 hyounsd tHerinyofot | sensiied eciicentratibf, oft desired puffhgdny eday adj ust
the set point of the mass flow controller by adjusting unit 138, so that

mass f 1 owos@ohendk) eThd kRerflopild detsct@ umir €20 Sésponsdiely paentesfd comcedtratibe sour ce
reagent to the sem conductor process tool. 20 In the FIGURE 3 system the

sem condughsiy HHATHESs rBdniddddn Bead daemiaibnafklisentCkhato.is flowed in
effluent discharge line 118 to the abatenent unit 104 for treatnent to

produce a treated effluent of appropriate character, which is discharged
fromthe abatenment unit 104 in abatenent unit discharge line 124. 13 WD

2004/ 01044 %esBSEEé W0 IIIMermdR RRBloE SR LM SFthd¥eRERE Sothgdbnte) id tent

di scharge line 118 as shown contains a thernopile detector unit 120
nmount ed tREL&E BreabPin SRASE RBCIGARABRE I8! LTS 1 0P &dn’ @fkeREild1y 8fjlist GRS set

conmponent (s). The thernopile detector unit 120 responsively generates a
concentr EHo'irR Nof mass flow controller 112, by a modulation of set point adjusting unit 138.
Alternatively, the CPU 110 in response to the sensed concentration in the effluent discharge
10  stream, as sensed by thermopile detector unit 120, may terminate flow of source reagent to the
semiconductor process tool 102, such as by closure of a flow control valve (not shown) in

feed line 114, and/or effect other operations that modulate or terminate processing steps

involving the semiconductor process tool 102.

15  For example, the effluent gas sensing by thermopile detector unit 120 may be employed to
effect changeover of the semiconductor process tool 102 from an active processing mode to a
cleaning mode, or from a first active processing step to a subsequent processing step. By way
of specific example, the concentration sensed by thermopile detector unit 120 for the
component of interest in the effluent stream in discharge line 118, may be employed to

20  generate a corresponding concentration signal transmitted in signal transmission line 154 to
CPU 110. The concentration signal may indicate that the active processing step is satisfactory
completed. The CPU 110 then terminates the active flow of source reagent from source
reagent supply 108 to the tool, as previously described. Concurrently, the CPU may send a

control signal in control signal transmission line 152 to the valve controller 150. The valve
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sensing signal that is transmtted in signal transmssion line 154 to CPU
110. 5 In response to the sensing by thernopile detector unit 120 of the
sel ect ed woregpewnantees) in the effluent streamin effl ueRrCTdissalzanipa7 | i ne
118, the CPU 110 can correlatively adjust the set point of mass flow
controller 112, by a nodul ati on of set point adjusting unit 138.

Al ternatively, the CPU 110 in response to the sensed concentration in the
ef f | uent celitetiBarages ddupiidrie ectitroRing setatimshipyo fidve comypl VaveletBan thepurgaiges 120,
may term nate flow of source reagent to the sem conductor process too
102, suCliecaSindyl46! @utéctedofh pardel @W sapply o4, Vitkwenfolotignah fram) the CPUF @& | i ne
114, and/or effect other operations that nodul ate or term nate processing
steps i peadbyiaB@alkteSANeComEIeE 150, phivh s surh oflseslGidve 148 tbopergrahpirgs t he
ef fl uent gas sensing by thernopile detector unit 120 nmay be enpl oyed to

ef fect CRANGERWErdAEh HAQerBRFdEEBEpGERS topl TU2ess tool 102 from an active
processing node to a cleaning node, or froma first active processing step

to a gubsequent processing step. By way of specific exanple, the
concentration sensed by thernopile detector unit 120 for the conponent of

i nterest ph fyid Rgnkf fhd!piatess tdof AMBEidlerlly Pakball 98 sdurderedeb gabRy aierestid foyed t o
20 generate a correspondi ng concentration signal transmtted in signal

transm sgiRqlenf61ide frobQsinERY allekRativaly GeddRATEI d16adineQRepS p@Beting BaYsc i Cat e
that the active processing step is satisfactory conpleted. The CPU 110

then termpales CldeVeinel WOMUnGhe SEEE S8 Hal BERMoviell MFLSAULE Brocése &@e Nt
supply 1 tl;k'?;o(‘%lt'%ﬁféé]dt‘?%g)l,easgprevinouesﬁf/%gd%scraibed.OC‘gncurrentlgr, the CPU may

send a o %glant%h&ﬂﬁo rboRQRd §o%ce%&Qlﬁlresti(ﬁﬁﬂsl@o?&io@iﬁoﬁ bBrolibets, b ,labe val ve
controller . e valve 14
10  indicated by corresponding concentration sensing by the thermopile detector unit 120 and
transmission of the associated concentration signal in signal transmission line 154 to CPU

110, the CPU actuates the valve controller 150 to shut valve 148 and terminate purge gas flow

to the process tool.

15 In lieu of, or in addition to, the provision of thermopile detector unit 116 in gas feed line 114
to the semiconductor process tool 102, the system may utilize the thermopile detector unit
120 in the effluent discharge line 118 for monitoring and control of the semiconductor

process tool 102.

20  Additionally, or alternatively, the thermopile detector unit 120 upstream of abatement unit
104 may be constructed and arranged to monitor and responsively control the abatement unit

104.
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WO 2004/ 010462 PCT/ US2003/013937 controller 150 is coupled in controlling
relationship to flow control valve 148 in the purge gas feed |line 146
connect edwODaopurgs2gas supply 144. The control signal fPomushe3GrR93110

t hereby actuates the valve controller 150, which in turn causes val ve 148
to open, and purge gas to flow through the sem conductor process tool 102.
S In this manner, the process tool is efficiently purged of source reagent
gases, affte steaicatudior04 iHudetvplesitowadt FIEURE Scesks ofgpy of vaionehnes Pkl v
readied for cleaning steps precedi ng subsequent active (on-streamn

processi Bgh indhels hiileipluitgengars trbametiesepsf imweahstitoes ugbcesh enity; ceswet ool  to
sufficient extent to renove the source reagent residues, deconposition

by- pr odugdrEbbess, Gry s@sbbbfl, ihrghaladdhtioy vais, remptio dixiftico noigs tchemisantigensi ng
by the thernopile detector unit 120 and transm ssion of the associated
concent r ghit) physicaNaksorptiorsdygamk, etd. ansmi ssion line 154 to CPU 110, the CPU
actuates the valve controller 150 to shut valve 148 and term nate purge gas
flow sto the process tool. 15 In lieu of, or in addition to, the provision
of thernopile detector unit 116 in gas feed line 114 to the sem conductor

process tgohuhOls of IRstatioh eiE ABiterkdnt hihiZ 204 ReshtWe IMPIGURE det echpdsingd t 120
in the effluent discharge line 118 for nonitoring and control of the

sem condugt QbrubRhOGRRSbY Aansl 02 wha M dirfieanalsthargear frth e Rerhicmehuytor t he
thernopil e detector unit 120 upstream of abatenent unit 104 nay be

CO.”tSt r ‘igi}%e&%@fe&%{agﬁs@h&g& RN 180K s@¥)sbiseB RN SEnBliNg, CTRS el schibBinghat ement
uni .
carried out in scrubber abatement unit 104 with a suitable liquid scrubbing medium, e.g.,

10  water, acidic aqueous solution, basic aqueous solution, etc., supplied from scrubbing medium

source 106 and flowed in scrubbing medium feed line 162 to the abatement unit 104.

The flow rate of scrubbing medium in line 162 is controlled by flow control valve 160,
operatively coupled with valve controller 158, which in turn is actuated by means of a control

15  signal transmitted via signal transmission line 156 from CPU 110.

The thermopile detector unit 120 therefore is usefully arranged to sense concentration of a
component to be abated in the abatement unit 104, and to responsively transmit a signal
correlative of such concentration to CPU 110 in signal transmission line 154. In response to
20  such signal indicative of the concentration of component to be abated in the effluent stream,
the CPU 110 programmatically transmits a control signal in control signal transmission line
156 to valve controller 158, which modulates the setting of flow control valve 160 to flow a
desired amount of scrubbing medium to the abatement unit 104 for contacting with the

effluent, to thereby abate the scrubbable component of interest in the effluent stream.
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15 WO 2004/ 010462 PCT/ US2003/ 013937 The abatenent unit 104 illustratively
shown in FIGQURE 3 can be of any of various types, and can include nultiple
abat enentwOneatoress2 st eps and constituent process unitsPCEUH2003we3937
scrubbers, dry scrubbers, thermal oxidation units, catalytic oxidation
units, chem sorption wunits, physical adsorption systens, etc. 5 For
purposes of illustration, the abatenment unit 104 is shown in FIGJRE 3 as
conpr i si nghys, thgesensingraflselagveliniower ¢npcentatien off schbablle edmoaértt inda effliientc har ged
fromthe sem conductor process tool 102 in discharge line 118 is subjected
to wet schtedel yghermopilewdatectarmnli BRAwill eausecthe CPEL 10ue adtwats the blve cordiolere ment
unit 104 with a suitable liquid scrubbing medium e.g., 10 water, acidic
aqueous sbf&toirednce Brdlow eftpgnbbing segdinni wrthe gatementwpipl Gdesh thatahe scowhbivtgi ng

medi um source 106 and flowed in scrubbing nediumfeed |ine 162 to the

abat ement mgdium i§ @rbvidFh i #nl apwountand aph rascihertib kppgopmathi to thel amduiie saiBbabke
controlled by flow control valve 160, operatively coupled with valve

cont r of | eporigxBentwh ibe kenhaved.ulhe saulzditg ratdivn byntawaug shofcrebbed odmminent thensi gnal
transmtted via signal transmission |ine 156 from CPU 110. The thernopile
det ect or isnlischdr@@ frdve thefabatemers uuk é04iinl syrubbingnmgédidmt dischags Bnec®dcent r at i on of
a conponent to be abated in the abatenent unit 104, and to responsively
transmt a signal correlative of such concentration to CPU 110 in signal
transm ssion line 154. In response to 20 such signal indicative of the
concent r ain @anamfogownpainer) the ibeabed edfhdshediséharged osf fbategieht it Warn effflesr CPU
110 programmatically transmts a control signal in control signal

t r ansmi ssdisthatgderiéne 124 may be monitored by thermopile detector unit 126, which transmits a
10 corresponding concentration signal in signal transmission line 164 to CPU 110. The CPU

110 thereupon programmatically responds to the sensed concentration value by modulating

the flow control valve 160 via valve controller 158, as previously described, to increase,

maintain or decrease the scrubbing medium flow rate, as necessary to achieve a
predetermined low level of scrubbable component in the final effluent discharged from the

15 scrubber abatement unit 104 in discharge line 124. Such predetermined low level of the

scrubbable component may for example be a concentration that is below the lower detection

limit of the thermopile detector unit 126.

In addition to modulating the flow of scrubbing medium to ensure that the desired extent of
20 removal of the scrubbable component is achieved, the concentration of the scrubbable
component sensed by thermopile detector unit 126 may be transmitted to CPU 110 in sigﬁal
transmission line 164, to responsively actuate recirculation of effluent from discharge line

124 to the inlet of the abatement unit 104, in line 128.
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156 to valve controller 158, which nodul ates the setting of flow contro
valve 160 to flow a desired anmount of scrubbing nmediumto the abatenent
unit 104 wonoewnvseting with the effluent, to thereby @batus20038133T ubbabl e
conponent of interest in the effluent stream 16 WO 2004/ 010462

PCT/ US2003/ 013937 Thus, the sensing of a relatively |lower concentration of
scrubbabl e conponent in the effluent stream by thernopile detector unit
120 wi | | 1gRUSe id daeplePtd 1-#@y valvatilditpsedie disaharge irent2doMabe contggler B4 educe
the flow of scrubbing nmediumto the abatenent unit 104, so that the

scr ubbi ngs opeR@vaIhuplaarvait 3ledy vilvars2ambinet coataleat 34isHeinel bhantrplsignal
appropriate to the anount of scrubbable 5 conponent to be renoved. The

scr ubbi ng RN 16RNBAATRY 110e Byohis hhegemenpteenhcehtrsion of shediosibbebleged from
t he abatenment unit 104 in scrubbing nediumdi scharge Iine 130. In an

anal 0goug,ABEHRES in thd\erhém HofOthe bbdisipdt ult sehisisgedd by drrmidkemesidr wnii t 104
in effluent” discharge line 124 may be nonitored by thernopile-detector

uni t 26,1790 £l LoRBRMBHOS s%naljsgnt(%@ CPESNO MY isgalapReaRticRhoN64s TR aPU n
signal transmssion line 164 to CPU 110. The CPU 110 t hereupon

progr ammgg j ?&#AI}XNEI@%&%@%OB@QIts%aﬁﬁ RPAS 1eAGRIEHLH Rid 136 t¥ @lclalveommdiet at i ng
the flow control valve 160 via valve controller 158, as previously

descri bedg, L6, A iRPP Ray viBL M AheRby HRGARBIS2 shRjuSRHE U BlahFeat@cktant | oW
rate, as necessary to achieve a predeterm ned |ow | evel of scrubbable

CO”pone”tﬁoirr]l{‘%iIEJSihﬁﬁfe iliﬂ@h%éﬁftstrécg_’rggltateg iSeRANGSSiAd OB th GeikiRodSedahd Batcakat ement

unit 104 chiarge T1ne uch predeterm ned | ow | evel of the
scrubbabhgﬁquponent may for exanple be a concentration that is below the
| ower detectron limt of the thernopile detector unit 126.

10

In such manner, the recycle rate, as well as the scrubbing medium flow rate, are conirollable

to maximize removal efficiency of scrubbable components in the abatement unit 104.

It will be apparent from the preceding discussion of the illustrative embodiment of FIGURE
15 3, that thermopile detector units may be variously employed in a semiconductor
manufacturing facility to monitor gas concentrations and responsively control fluid flow rates
and/or other process conditions and/or operational aspects of the semiconductor process, so
that process efficiency is maximized, process reagent requirements are minimized, and
product consistency is more effectively achieved, relative to a corresponding semiconductor

20 manufacturing facility lacking such thermopile detector monitoring and control means.
Further, although the embodiment of FIGURE 3 has been described generally for a single gas

component of interest (as the monitored gas species), it will be appreciated from the

discussion earlier herein that multi-component thermopile detectors may be advantageously
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In addition to nodul ating the flow of scrubbing mediumto ensure that the
desired extent of 20 rempval of the scrubbable component is achieved, the
concent r aWpano4afiodsde scrubbabl e conponent sensed by thecwasés/odmsect or
unit 126 may be transmitted to CPU 110 in signal transmssion |ine 164, to
responsively actuate recirculation of effluent fromdischarge line 124 to
the inlet of the abatenent unit 104, in line 128. 17 WO 2004/ 010462

PCT/ US20 937 1Li . ' - . .
. g-ﬁélg};]eﬁ, hichL R L 8o | SneOhB! RdcdnGatfondays waltitte 132 cinp@es®dini N
di scharge Ti'ne 124. Valve controller 134 is operative?& cougled w th 3-way

val ve 13 ug%%k%ﬁfﬁgﬁg&g;&§&ng34 is joined by control signal transm ssion

line 136 By this arrangenment, the concentration of the
scrubbabl e conponent in the effluent fromthe abatement unit 104 is sensed
by thernopile detector unit 5 126 and the concentration signal sent to CPU

110 by skgnal il Mg §+\%{§lﬁ$ﬂ B8 ¥ iEhRiveR Uesd-RaraaPRAGine ky a Stills a

control signdl 1n3igna ransm ssion line"136 to the valve controller 134

l ed wit.h 3- . . i i g
coub gd \é\%llilfon%uc\{/%@ly ?r\égésy §)|o§ gﬁvg}l it EMizkd hal 2 biBicdRiictod {)1%6&5&%@ edilgpin hat

treat uen rom ine 124 is recirculated inline 128 to

L Ieg ;‘ . Il (Zla. 8 F(g{vgéﬁoé% i p%cirtllgg gécc%b]ﬁﬂsetd%f qtﬂ@?’@g@%of o8NS Tandr.l-l(:;’ﬁ‘icesg— %sjcefh &H@Bne{ﬁ&@,ﬂ er, the

WwWe S e scrub diumflow rate, are controll able

to maxim,z ey dh BLloeh e85 ARl FORRARGRY Vithd hMplafiabeMENt
thergjorg Mg s o %ﬁ p df h |

: an
unit 104! paren rom recedi ng di scussion of the

ib Ll \ljZf. Ir gh!%t\é‘gor:%??}%/g%i%ﬁ ngatg)é%%ﬁ %Igltcgl}duwa%r&&gré@ﬂhlsﬁec%c‘fl%%rs ghits may

regions of the process system flow circuitry, and that the IR thermopile detector units may be ~ * -

10  integrated with control circuitry involving one or multiple computers, processors, cycle-time
program controllers, etc. Further, it will be recognized that the thermopile detectors in
producing voltage output signals may be utilized with other signal generation and
transmission/control devices and interfaces, to effectuate the process monitoring and control
functions needed in a specific operation.

15
For example, the thermopile detector output signal may be converted to a radio frequency

signal transmitted by a radio frequency transponder that is transmitted to a radio frequency

receiver in an integrated wireless network for monitoring and control purposes.
20  The voltage-based output of the thermopile detector may be converted to other signal forms,

or even reconverted to an infrared control signal for wireless communication to a central

processing unit or other computational or control means.
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manuf acturing facility to nonitor gas concentrations and responsively
control fluid flowrates and/or other process conditions and/or

oper at i o 2860462 of t he sem conductor process, so tRaET/UseacH$3937
efficiency is maxim zed, process reagent requirenents are mnimzed, and
product consistency is nore effectively achieved, relative to a
correspondi ng sem conductor 20 manufacturing facility |acking such

t her nopi ITee dedteres, Ossps@siahdradngntand of aht modsentemmentiofare Harther showo UgiEh t he
enbodi ment of FI GURE 3 has been described generally for a single gas
conponentefgfndetd Blegsllowiag néhBmitRp exmipde rglatngsipeied iesdntion.t will be
appreciated fromthe discussion earlier herein that nulti-conponent

t hernopil e detectors may be advantageously 18 WO 2004/010462 .
PCT/ US2003/ 013937 enpl oyed, which &H ;'gn to sense the concentrations of

mul ti pl e gas conponents in mul t i cE&RONEH process streans. Further,
al t hough the invention has been illustratively described with reference to
a single 5 semconductor process tool, it will be recognized that a

sem conduct or processing practice is conprised of
Qi ilef D o

: Ciaedelitiatls : , and therefore that
thernopil e detector units may be utilized concurrentl ith a tiplicity
of det edtigwre tdpmensimtey thejreipense oF athegmapilsrdetagior %Fﬁ“b%%/?d}i/h\‘nﬁ?tl?f“ of H&%@?@ e.g.,
in specific chanbers or regions of the process systemflow circuitry, and
that t he tiiRethilevilaapedneentatienst Jrimghivt dlapgy sandidpts W@@B?laff’fetgew’?ﬂe‘g%?ﬁ rol
circuitry involving one or nmultiple conputers, processors, cycle-tine

pr ogr am qoevessohp@tosing @pplicationstap éris uged agy ‘PW‘ktPéecP’é?E’b&rﬁe%‘é’Bné‘W?F Prqqesses.

t hernopi | e detectors in producing voltage output signals_may Pe utflized
W t h 16t heFhisspgeifit syptame ingtudesna duabisensor thermopile detector. The active element filters all

facility i
b X y t

conventi gnal,
SINY e

IR light with the exception of the methyl group (around 3000 cm-1). The second filter
measures a narrow band around 2500 cm-1 and is used as a reference. In Figure 4, the curve
labeled "TP ratio" depicts the response of the active element divided by the signal generated
5y the reference element. The curve labeled "active" corresponds to the voltage generated by
15 only the active detector element. Figure 4 also demonstrates the stability and repeatability of

the monitoring system.

Figure 5 shows a graph of a calibration curve for trimethyl silane, (\based on the information
depicted in Figure 4. Similar to Figure 4, one calibration curve corresponds to the ratio
20 between the active and reference signals, while the other curve corresponds to the signal
generated by the active detector element. The curves were fitted to a second order polynomial
with a greater than 0.999 correlation coefficient. Based on such calibration curve, a detection

limit of 500 parts per million (ppm) was estimated.
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transm ssion/control devices and interfaces, to effectuate the process
nmonitoring and control functions needed in a specific operation. 15 For
exanpl e, wbeotdnan4s2pi | e detect or out put signal nay be ceararseedotsysa radio
frequency signal transmtted by a radio frequency transponder that is
transmtted to a radio frequency receiver in an integrated wreless
network fqr nonitoring and control purposes. 20 The vol t age-based output of
t he ther n%ﬁtﬂ’f"éghd@l? duYGHondys besncwwmously disclosedohgrein wifhy reférerice rtprgllustigtiveey en
reconverted tgQ an infrared control signal for wireless comunication to a
central F"8 s gnd feptures it willkherapexspigiee shat the smbodiments endfeanrsa descrit@l WO
2004/ 010462 PCT/ US2003/ 013937 The features, aspects and advantages of the
present i AYFERERQYR 2 votripterdsdito Ymivthe Wiventions andethatnather tveristtvms,froddiBesting
non-limting exanples relating to the invention. EXAMPLE 5 Thernopile

Det ect or ‘Byg plben Enbrsdimersnivill suggpst ghemselves oy tho®i dfaerdinFiygelile indthd eno nElter at es
the response of a thernopile detector systemas a function of different

t ri met hy| mypntigndherefareds tor betbrasdly. comytiundichydisteit with ¢he daias beraadted st Gorthat er i al
for thernopile-based process nonitoring applications as it is used as

| ow- k precursor in sem conductor processes. 10 This specific system

i ncl udes a dual sensor thernopile detector. The active elenent filters all
IR 1ight with the exception of the nethyl group (around 3000 cm1). The
second filter
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measures a narrow band around 2500 cm1 and is used as a reference. In
Figure 4, the curve |abeled "TP ratio" depicts the response of the active
el enent dwoided 162t he signal generated by the referen®eTalSemsntio3The
curve | abel ed "active" corresponds to the voltage generated by 15 only the
active detector elenment. Figure 4 also denonstrates the stability and
repeatability of the nonitoring system Figure 5 shows a graph of a
calibration curve for trinethyl sTHIELADMSed on the information depicted
in Figure 4. Simlar to Figure 4, one calibration curve corresponds to the
ratio 20 between the active and reference signals, while the other curve
corresponds to the signal generated by the active detector elenent. The
curves wggﬁagjttfu%&{l a second order polynomal wth a greater than 0.999
correl at i ORESERIM ¥t Based on such calibration curve, a detection
limt of 500 parts per mllion (ppm was estimated. 20 WO 2004/ 010462

PCT/ US2003/ 013937 Al t hough the invention has been variously discl osed
hereig with;ref eng %uc}::rtgr Brbdeds s HfRludf BBy RRHolvet ApB8ess bhs, Wi | | be
appreci ated that the enbodi nent’'s and features described hereinabove are
not i ntended I, 0] &ﬂ&i' vention, and that other variations,
m)dificationstsadlsg]lf@n]l S%%bdinents w || suggest thenselves to those of
ordinary skill in the art. The 5 invention therefore is to be broadly

construed, copshst inMdodntrhenEhdbdisofiereafter set forth. 21 WO
5004/ 010462 PeT ESBuAY frRn s seBe bl

an infrared radiation source constructed and arranged to transmit infrared radiation

through the gas sampling region;

10 a thermopile detector constructed and arranged to receive infrared radiation after the
transmission thereof through the gas sampling region and to responsively generate an
output signal correlative of concentration of at least one selected component of the

process gas; and

process control means arranged to receive the output of the thermopile detector and to

15 responsively control one or more process conditions in and/or affecting the semiconductor

process system.

2. The semiconductor process system of claim 1, comprising a deposition chamber.

20 3. The semiconductor process system of claim 2, wherein the deposition chamber

receives a chemical reagent from a chemical reagent source as a process gas, and the
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What is clainmed is: 5 1. A sem conductor process systemincluding flow
circuitry for flow of a process gas, said systemconprising: a gas

sanpl i ng wegoew1b4r t he process gas; an infrared radi at iPCR/GSQU30O@3937
constructed and arranged to transmt infrared radiation through the gas
sanpling region; 10 a thernopile detector constructed and arranged to
receive infrared radiation after the transm ssion thereof through the gas
sanpl i ng regi cheranogild detgcts pomsingad tp sgesa eomertraion odthe phemisalgergbntporcessl at | ve
of concentration of at |east one selected conponent of the process gas;
and process comnsimdodured isthademsigied chamteecei ve t he out put of the thernopile
detector and to 15 responsively control one or nore process conditions in
and/or affecting the sem conductor process system 2. The semi conduct or
process systemof claim1, conprising a deposition chanber. 20 3. The

sem conductor process systemof claim2, wherein the deposition chanber
receives a chem cal reagent froma chem cal reagent source as a process
gas, and fhe T sp@icondyroD pOYEs sPET UBIei0B3 . 0ieeaYthe ghvsamppng wewatsitaor i s
arranged to sense concentration of the chenical reagent process gas

i ntroduced to gahéeddépodslivitng diemidabreagent pro¢pss gas e the depasition chandises s system
of claim3, wherein the gas sanpling regionis in a

5. The semiconductor process system of claim 1, 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.

10
6. The semiconductor process system of claim 5, wherein the upstream process unit
comprises an epitaxial growth reactor.
7. The semiconductor process system of claim 5, wherein the upstream process unit
15 comprises an ion implantation unit.
8. The semiconductor process system of claim 5, wherein the upstream process unit

comprises a chemical vapor deposition chamber.
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5 gas feed line delivering chem cal reagent process gas to the deposition
chanber. 5. The sem conductor process systemof claim1, conprising an

abat emrentworze4/f1o462 abati ng at | east one conponent of sS&CH/USL@SA$I3IYas
subsequent to its use in an upstreamunit of the system 10 6. The

sem conduct or process systemof claimb5, wherein the upstream process unit
conprises an epitaxial growh reactor. 7. The sem conductor process system
of claim$, whéhresemicohductgyprocesersysiern o€slgimifintherelibthe abgiement snibgpnipoises a

i nplantation unit. 8. The sem conductor process systemof claim5, wherein
t he upstream pscotbbers unit conprises a chenical vapor deposition chanber.
23 WD 2004/ 010462 PCT/ US2003/013937 9. The sem conduct or process system of
claim5, wherein the abatenent unit conprises a scrubber. 10. The

sem conductor process systemof claim9, wherein the scrubber conprises a
wet 5 scrubber. 11. The sem conductor process system of claim 10, wherein
the wet scrubber is coupled to a scrubbing nediumsource. 10 12. The

seni condué®or Preowrdwndycierarpcsss ssignmilaim \bhwhetein the ssptder eurmrists mgetmedi um
from the scrubbing nmedium source to the abatenent unit is nodulated in
responde to  scrubber.

11.  The semiconductor process system of claim 10, wherein the wet scrubber is coupled

to a scrubbing medium source.

10 12. The semiconductor process system of claim 11, wherein flow of scrubbing medium
from the scrubbing medium source to the abatement unit is modulated in response to
concentration of a scrubbable component in the process gas treated in the abatement

unit, wherein the gas sampling region is upstream or downstream of the abatement

unit.
15
13, The semiconductor process system of claim 12, wherein the gas sampling region is
upstream of the abatement unit.
14. The semiconductor process system of claim 12, wherein the gas sampling region is
20 downstream of the abatement unit.
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concentration of a scrubbable conponent in the process gas treated in the
abatenent unit, wherein the gas sanpling region is upstream or downstream
of the abwDenewmtio4eanit. 15 13. The sem conduct or procesPCINSLE@300F93T] ai m
12, wherein the gas sanpling region is upstream of the abatenment unit. 14.
The sem conductor process systemof claim 12, wherein the gas sanpling
region is 20 downstream of the abatenent unit. 24 WO 2004/ 010462

PCT/ US20035.01 307semi®nditier ipesescoysignct glaip Sowbersinsthe alestanasint giib¢omisisesyher ei n
t he abatenment unit conprises an oxidation unit. 16. The sem conduct or
process syst emmdxiddtian mit.5, wherein said abatenent unit 5 conprises a
thermal oxidation unit. 17. The sem conductor process system of claim 15,
wherein the abatenent unit conprises a catalytic oxidation unit. 10 18.
The sem conduct or process systemof claim1, wherein the thernopile
detector is constructed and arranged to nonitor concentration of the
process gas, to determ ne approach to conpletion of an operation in the
process sy8t enthel gemipredustor preersti syHem prfocleds Ky sWasieinf said sbsement Wberein
at conpletion of the 15 operation, the output of the thernopile detector"
i s empPoyed t ocanmuisgea Gowpal gxidation unit.

17.  The semiconductor process system of claim 15, wherein the abatement unit comprises

a catalytic oxidation unit.

10 18. The semiconductor process system of claim 1, wherein the thermopile detector is
constructed and arranged to monitor concentration of the process gas, to determine

approach to completion of an operation in the process system.

19.  The semiconductor process system of claim 18, wherein at completion of the
15 operation, the output of the thermopile detector is employed to change over a

semiconductor process tool in the system to a subsequent operational step.

20.  The semiconductor process system of claim 19, wherein the thermopile detector

output is employed to alter a valve setting.

20
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sem conductor process tool in the systemto a subsequent operational step.
20. The sem conduct or process systemof claim 19, wherein the thernopile
det ect or wournpuiioie2 enpl oyed to alter a valve setting. POTAB200002807/ 010462
PCT/ US2003/ 013937 21. The sem conduct or process system of claim 19,
wherein the thernopile detector output is enployed to initiate and/or
termnate fluid flows in the system 22. The sem conductor process system
of clai m2l, wiaeeemicohducthgromss bystedevfotabn Wutyhstein Bhe thempgpileydetpctop nodi fy
a fluid flowrate in the system 23. The sem conductor process system of
claim 1, conpoipingemphged wdmitate bravorperodmésiluid foivs arible systeabat enment  uni t
treating gas discharged fromthe sem conductor process tool, wherein the
thernopil e detector is arranged for nonitoring one or nore of: 10 gas
flowed to the sem conductor process tool, gas flowed fromthe sem conductor
process tool to the abatenent unit, and gas discharged fromthe abatenent
unit. 24. The sem conductor process systemof claim23, wherein the

t her mopi 122. deflae semicpuductds preessapxgteen elrlaimni tbereiaibe thegpapile dstetppoutput

sem conductor process tool. 25. The sem conductor process systemof claim
23, wterei n t hieengpeyadspirodifyiefleid flow rpte in hesyeyad to nonitor gas flowed from
the sem conductor process tool to the abatenent wunit.

23.  The semiconductor process system of claim 1, comprising a semiconductor process
tool and an abatement unit treating gas discharged from the semiconductor process

tool, wherein the thermopile detector is arranged for monitoring one or more of:
10 gas flowed to the semiconductor process tool,
gas flowed from the semiconductor process tool to the abatement unit, and

gas discharged from the abatement unit.

24, The semiconductor process system of claim 23, wherein the thermopile detector is
15 arranged to monitor gas flowed to the semiconductor process tool.
25.  The semiconductor process system of claim 23, wherein the thermopile detector is

arranged to monitor gas flowed from the semiconductor process tool to the abatement

unit.
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26 WD 2004/ 010462 PCT/ US2003/ 013937 26. The sem conductor process system
of claim23, wherein the thernopile detector is arranged to nonitor gas
di schar geaiof20@a1odse abat enent unit. 27. The sem conduct @CTArSQ@39$393yst em of
claim1l1l, wherein output of the thernopile 5 detector is used to nodul ate a
set point of a mass flow controller. 28. The sem conductor process system
of claim1, wherein the output of the thernopile detector is used to
nmodul at e 28. r e@yie lsemicatdnctok paocédsuystem rafaiamr3, stheppimthe phaymepidd dejectespieér at i on
of the system 10 29. The sem conductor process systemof claim1, wherein
t he gas sanpl iaftgnge@ @ MBnite ghsdischarged frérovhecibatementrapit. 30. A net hod of
operating a sem conduct or process including processing of or wwth a gas,
15 said nmethod conprising sensing concentration of a desired conponent of
said gas wth a thernopile detector, generating an output fromsaid
thernopil e detector indicative of concentration of said sel ected conponent
of said gas, and controlling one or nore conditions in and/or affecting
t he sem @ndudthersemicopduntor precesse systans of tokim all, dwhegrin pytput 9 thez thggmopile
2004/ 010462 PCT/ US2003/ 013937

5 detector is used to modulate a set point of a mass flow controller.

28.  The semiconductor process system of claim 1, wherein the output of the thermopile
detector is used to modulate a recycle rate of a fluid treatment step or processing

operation of the system.
10

29.  The semiconductor process system of claim 1, wherein the gas sampling region is in

said flow circuitry.

30. A method of operating a semiconductor process including processing of or with a gas,

15 said method comprising sensing concentration of a desired component of said gas
with a thermopile detector, generating an output from said thermopile detector

indicative of concentration of said selected component of said gas, and controlling one

or more conditions in and/or affecting the semiconductor process, in response to said

output.

20
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31. The nethod of claim 30, wherein the one or nore conditions in and/or
affecting the process include flowrate of a chem cal reagent to a

sem conduwDanogriemess tool. 32. The net hod of cl ai m 30, paivarsedns/otdva7 one or
nore conditions in and/or affecting the 5 process include flowrate of a
gas stream di scharged fromor flowed to a process unit in the

sem conduct or process. 33. The nmethod of claim 32, wherein the gas stream
to a sem Fondudteanethrdoafadamt o Whersin theohe or more coadiians iMad/geefRstingthec] ai m
32, wherein the gas streamflowed to an abatenment unit is nonitored. 35.
The net hod of mo@snndde fidveratd of atchemiyalgeagentda asahisertdaetigeproesys il abat emrent
unit is 15 nonitored. 36. The nethod of claim 30, wherein the thernopile
sensor output is enployed to nodulate a valve. 28 WO 2004/ 010462

PCT/ US2003/ 013937 37. The nethod of claim 30, wherein the thernopile
detector output is enployed to nodulate a set point of a mass flow
controller. 38. The nethod of claim 30, wherein the th_erm)})i | e det ector
out put i s3%npl Bipenethes oflaimdif, Atherei Bgo8s onmere OBGAR el Ghplfsrtiag the
abatenent treatnent step of the process. 39. The nethod of claim 30,
whereih the thupeespinrladeBew satepf ®gasptream disehnsgedyfoen eroflowed to a process unit

in the semiconductor process.

33.  The method of claim 32, wherein the gas stream to a semiconductor process tool is
monitored.
10
34.  The method of claim 32, wherein the gas stream flowed to an abatement unit is
monitored.
35. The method of claim 32, wherein the gas stream discharged by an abatement unit is
15 monitored.
36.  The method of claim 30, wherein the thermopile sensor output is employed to

modulate a valve.
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termnate a first process step and initiate a second process step. 10 40.
The met hod of claim 30, wherein the thernopile detector output is enployed
nodul woeoesnyske of a fluid streamin the process. 28T/US2003/013937

to

10

37.

38.

39.

40.

The method of claim 30, wherein the thermopile detector output is employed to

modulate a set point of a mass flow controller.

The method of claim 30, wherein the thermopile detector output is employed to

modulate flow of a scrubbing medium in an abatement treatment step of the process.

The method of claim 30, wherein the thermopile detector output is employed to

terminate a first process step and initiate a second process step.

The method of claim 30, wherein the thermopile detector output is employed to

modulate recycle of a fluid stream in the process.
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