WO 2004/ 010462 PCT/ US2003/ 013937 | NFRARED THERMOPI LE DETECTOR SYSTEM FOR
SEM CONDUCTOR PROCESS MONI TORI NG AND CONTROL BACKGROUND OF THE | NVENTI ON 5
Field O The Invention This invention relates to infrared thernopile systens
for sem contfiééPlo4iZocess nonitoring and control, andPQTUSA0REIATd of
nonitoring and controlling sem conductor processes using TO infrared
thernopil e sensing of conditions in and/or affecting such processes.

Description itori i sed in the
seniconductoﬁ%ﬁ%%iﬁﬁiﬁ%éﬁkﬁ%&@§£ﬂggtBp%ﬁnggfgéggﬁgﬁggﬁﬁﬁggingf such device
is used as a safety senyROAERSWAORITRENNANDCENTREEr sonnel 15 operating the
sem conduct or process equi pnent or otherwise in proximty to such equi pnent)
of the presence of toxic or othermnse hazardous materials associated with the
process in the anbient BACKGRQIND QF THILINVENIION system These safety
sensors, sonetines ternmed "life safety sensors,” have | ower detection limts
consistent with the threshold Iimt val ues (TLVS) of the gases and vapors to
be detected. By way of exanple, an arsine gas safety sensor may 20 have a

| ower det e&teldodf Theffutenidin 50 parts per billion by volune (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 nonitoring devices have
been used iThis triventise relatee ol nGtued thermebpid syyteins for emtipaidhdtprevesyinmoiaingt or  pr ocess.
Exanpl es include SiF4

and control, and to a method of monitoring and controlling semiconductor processes using

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

Description of the Related Art

Sensors and moniforing devices used in the semiconductor industry generally have two
purposes. One type of such device is used as a safety sensor to wam 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, sometimnes 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

conceniration 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 WO 20 0410 1 04 6 2 PCT/ US2003/013937 ultraviolet (UV) em ssion detectors
that "are used to provide a signal indicative of the conpletion of chanber

¢l eani ng operations. The sem conductor manufacturing field continues to seek

i mprovenent ¥4 xo4MBéEss 5 nonitoring and control. SUMVRRYUEBOSTHERST NVENTI ON The
present invention relates to infrared thernopile systens for sem conductor
process 10 nonitoring and control, and to a nmethod of nonitoring and
controlling senico ctar. processes using .infrared thernopil.e sensing of

condi ti ons i“f‘im%}ﬂlat/ Wa?“f%@gi %&C@{?c atpart%é‘ge SBPOH %ﬁ@“ﬁs’ﬁ‘g%af‘f’e Pﬁg’epr esent

i nvention r%&%&Qﬁngﬂm%m%?ﬁlc?PQQE&% , process sy§ten1including flow circuitry
for flow of "a“process gas.a?hé gys%en1conpr|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 region and to responsively
gener at e anTh \Wnio@Quptq 1Da8facindry BH0 0ByiDue3 9'3 7 saskt ipurrovengifalin @ecesel ati ve of

concentration of at |east one sel ected conponent of the
monitoring and control.

SUMMARY OF THE INVENTION

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

processes using infrared thermopile sensing of condifions 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 soutce 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 gas; and process control means arranged to receive the output of the
thermopil e detector and to responsively control one or nobre process
conditions in and/or affecting the sem conductor S process system In another
aspect, thewowentinan relates to a nethod of operati ngprarTasmeanguct or process
i ncludi ng processing of or with a gas, said nethod conprising sensing
concentration of a desired conponent of said gas with a thernopil e detector,
generating an output fromsaid 10 thgranile detector indicative, of

concent r at i onoutifut sigiadl comdlasive efl cersenyatiranet @rleashpry sylested SAAPFE MY | i ng one or
nore conditions in and/or affecting the sem conductor process, in response to
sai d out put. KedseEandpects, features and enbodi ments of the invention will be
nore fully apparent from 15 the ensuing disclosure and appended cl ai ns. BRI EF

DESCRI PTI ON OF THE DAV NG Qgé%'% TeckiSe e SN HBLL BetBpiaBRBbAMIGN Of a
t her mopi | e det e%”t"%? $yst em S%a WO 5004/ 010462 PCT/ US2003/ 013937 FI GURE 2 i s

a graph of JR.G6ldiveRicBRl ork GHME pALesaRtEldifib:S M fhdeofeeiy thd semfrondidtod R (ppm)
(curve B) as a function of time, in seconds, for a thernopile detector in

si de- by-si de ededisg@er th an  FT-1R spectronmeter, nonitoring arsine
br eakt hrough in the exhaust of a dry scrubber test colum.

In another aspect, the invention relates to a method of operating a semiconductor process
including processing of or with & 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



5 FIGURE 3 is a schematic diagram of a sem conductor process facility,
utili'zing thernopile detectors for gas phase nonitoring and control of
process streamnms associated with a sem conductor process tool and abat enent
unit. 10 Fl GURBOOIpE2Za graph showi ng the response of aPCHERIMOPIIBB7det ect or
systemas a function of different trinmethyl silane concentrations. FIGURE 5
is a graph showing a calibration curve for trinethyl silane based on the

i nformation TALLED DES E | NVENTI ON,
AND. PREFERREE ki R T EpiFaesl e /00 Ere FREREoB DROBLESn | nf r ar ed
t hernopi | e f itoring and
control S D PR kR YPAAL B ﬁ"égghr?ﬁ’?%’?gg&%g%ﬁ bl SRR 003/ 013037
control I i ng FIAR1 SRROHGL OmoRARE S8R bR Ough Hh RN &Hakh &Y a[@?'skxﬁbb%?&étl ng of
conditions in and/or affectlng such processes. As used hérein, the term
"sem conductemmpr ocess” is intended to be broadly construed to 5 include any
and all processing and unit operations involved in the manufacture of

sem conductor products, as well as all operations involving treatnent or

processi ig of materials used in or produced by a sem conductor manufacturing
facility, as well as all

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 fanction of

ditferent trimethy! silane concentrations.

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

information depicted in Figure 4.
15

DETATILED 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



operations carried out in connection with the sem conductor manufacturing
facil'ity not involving active manufacturing (exanples include conditioning of
process equi prment, 10 purgi ng of chem cal delivery lines in preparation for
oper ati on, &tcloimeahi ng of process tool chanbers, abaCENEe3/$931 oxi ¢ or
hazar dous gases from effluents produced by the sem conductor manufacturing
facility, etc.). The operation of the infrared detection systemof the

i nvention i . infrared energy-absgrbing

nol ecul es a%ggggﬁgﬁ@gg%e k%z%%%%%%%maﬁ %Fg%gghggéﬁg96§c'%@%%%Ta%%nthat when a
gas, |iquid agEcishitth6Q809si tion is exposed to a broad wavel ength infrared
radi ation, the infrared energy-absorbing conponent(s) of that conposition wll
absorb a portion of the IR light at very specific wavel engths. This
phenonenon in turn enables the conparison of the energy spectrumwth and

wi t hout the | R-absorbing conponent(s), to 20 obtain an absorption profile with
patterns that c be ysed tQ identify the naterials in conposition.

Addi ti onal | ;3? “feﬁgie‘c?@ng’ént?‘?”aﬁe‘af‘fm@l‘m’fﬁy R iiairtendedi i de Camfls spasiesd s direct !y

measur edsby; f light that .is absorbed by .t material. .5 WO
20041 010465 "B BEDHB B 1mblr e, i) ek SuRr g, RG0S o Y FeoieR & that used
grating techni@hRsoPhrahidtSE ded Rr 82KckBons” AIALE Bkl Ol S edsigl i dual
wavel engt hs. +he iﬁd?@idual energiesQﬁBﬁ%ﬁ ?ﬂ%ﬁ£%§9?% roddced ¥t o a_gas cel

by nmeans of matefmVvigablie of plotucdd 8% taUkRicabotbgadudinatd epmgf of hen selhgcted
wavel engt h passing through the gas cell would be detected. Such dispersive IR
anal yzer s Sopastichs ehmied roon i c@mations sith ghaeatiSontiis hdnehatnthet REI§ dot aperture

position with the IR energy
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 fiom 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 wavelengtbs. This phenomenon in turn enables the
comparison of the emergy 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.



| evel and the signal fromthe detector, and produce energy versus absorbance
rel ations. The principal drawbacks of dispersive spectroneters are the use of
novabl e parts that are prone to failure, the cost of the spectroneter
appar at us doeo teo/dibs2 nunber of conponents, and 10 thepsiroweoodibecti on rates
that are characteristic of dispersive spectroneter operation. Fourier
transform IR (FT-1R) spectroneters, |ike dispersive spectroneters, also use

broad ener | R sources. The originall enerated IR beamis split into two

beans and arf® % VBT HEE PUFPBIAS | t'é%‘é%f"’@%ﬁ ESPLEEFREERE B e two beans
in and out-qQfzphase,. usi.n 15 vahle.mrror. A las beam j s, used to

noni tor the r?déag:%% Jin%’nﬁsol d“flﬂ‘g %V\?lés e 2[151? }n(%}rwdjal arEe ‘f’?uriéeglfm%flp %éorduff%e dual beam

5 sent to qusaal G , SRSOL £OBPAREN: il RECLEORT! 6 ne daNkge, T ecei ves

the convoluted infrared wave pattern together wt aser- positioning
beam That iafpnpBhRReidgaiheR T%@@&u (U@ bE QRIe ISua BisaGRNN Ghaljed Using a
Fourier transformalgorithm e energy versus mrror displacenent data is
t her eby Gonvet teRetroniet Poc2Bing B0 \COfiddis tha REDpBARE fodith atithaRSIR gBgy The
drawbacks of FT-JR spectroneters include their conplexity and substanti al
cost. 6 WO R994tdhod6Ral RETHOSIGOR/20A80RT: ¢nafey sered abshebpnve pildtiensdet ect ors are
enployed in the practice of the present invention, and have the ngjor
advant ages over dispersive and FT-IR spectronmeters of (i) low cost, (ii)
sinplicity of design (no novable parts), (iii) fast response. 5 The
t her mopi | e-based infrared nonitoring systemof the invention conprises an
infrared (1@Re prnbi@d)larSREE &f dRptRR pRlrbmaRd 2R thd'8k BRIV AIORHEGPie The gas
cell is a gas sanple nonitoring

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.

Fourter 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 pattemn together with the laser- positioning
beam. That information is then sent to a compnuter 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 sibstantial cost.



region, which in the broad practice of the invention nay conprise any suitable
conpartnent, passageway or chanber in which the gas to be nonitored is

subj ected to passage of IR Iight through the gas for the purpose of using its
| R absor ban®® detoessat ned out put to generate 10 control rer/gsmbxm3oesf or process
nonitoring and control. The nmonitoring systemin preferred practice utilizes
mrror(s) and/or lenses to collimate and direct the 1R light. The thernopile

det ect ral. | | t d | R I.ight t inthe IR
pectral ¢ alRa e I onnt v SO Sop ERa ot Reprpper il 1" e

a he fi B
et oot or o aleplhy B8 ErkEE A a0 OB A e O e B BT T on have a

mul tiple apf@¥edino elo®MRiHats) (i) @8GhpRS.ect or unit. For instance, in a dual
el enment det-ector, one of the thernopile detector elenments is used as a

reference, sensing IRIight in a range in which substantially no absorption
occurs (e.g., wavelength of 4.00 + 0.02 Fn). The second 20 thernopile detector
el ement 5i s Tooth¢radpilsttied dnffatell tropitdrih@tystemnd e iRntenepgyriscspntidfereaif®ot r al range
of interest (such spectral range depending on the particular material to be
moni t or ed) light &msas Exsonll erd 4 hermgpifefdeiceipie e 5hei §4S tHiEs 9 GPY WijRlS myelvaingt ed by t he
reference thernopil.e det e;tor, el ement _and those generated by the thernopile

det ect or ateR PR avhiahdn il Proag Prafiss i dhed g R QR RR TP R A BhS FEHEMPS Det ectors
with upto 4t herrgp il ed_et clor e!te nt arrays.are ZO \é\gs)a%qjg 1]11 462
PCT/ US20037DE495Y SE iy et Ay Baekis e ran e Bl & e B Mot detector
unit, one ﬂﬁ)‘h@f){hg rgase %’o? %n[;ur;jo% 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 ta 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 cach 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 fo 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

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



enpl oyed as a reference and the remaining 3 detector elenents are utilized for
neasurenents in different spectral regions. 5 A schematic representation of a
t.her nopi | e-based detector systemillustrating its operation is shown in

FI GURE 1, wwao modieibd®2 source 10, such as an IR | anp, gererasmssasdsroad
(extended spectral range of IR wavel engths) infrared beam 12. The IR beam 12
is 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 pay be a conpartnent,
cross-secti awa@efflé‘af%’ﬁiﬁ - BOF PRBReoT 2£-gement JedRE BRb Gne dofqtoq oo is

sem conduct r_pracess .system_ Al ter.native a slip-stream (side stream) of a
gas flow ey BEEET AR s RO IR e Bt AR GBI gt br ¢ ho
gas nonitorik i . After passage through and interaction with the gas
in the inte?ﬂgggggﬁ%ﬁgg%gﬁg the gas cell 14, 1R radiation 18 emtting from
the gas cell 14 after traversing sanme then inpinges on 15 thernopile detector
20. The thernopile detector unit may utilize enbedded IR filter(s) allow ng

t he radi ati anclEnatprpiedehtatidnRt Wareh@Ogbdisd ddecpnsStedimRughg ithepet#iosRect i ve)
filter(s), in consequence of which the thernopile detector determnes the
radi ati on i sitoendgi FIFUREd, phaduBesurca h0, sudhpa tn IFobnpgencsiteg rdkoafl Grxtcededh el enent  of
the detector. The voltage output of the thernopile detector unit shown in

FI GURE 1 i sSRseisbmazanf lhwarrienghs) infigred beant Bh st & b Rilharigedom thegasent r al
processing unit 24, e a personal ,conputer, m croprocessor device, or other

9., )
conput at i on@" E&ARE MRE BV HIH] ¢ Hgickitrear PP mpsiiadt BEspYy ot Haiet ect or
elenment(s) are al.gorithm cally. mani pul ated.to pradu an. out put. .concentration
Varve 1 or oBiepet e v 250 Ry Tk RGOt P55 At LRl
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 eIement(s) are
algorithmically manipulated to produce an cutput concentration value for each of the gas

component(s} of interest.



WD 2004/ 010462 PCT/ US2003/ 013937 The thernopi |l e-based anal yzer system
illustratively showmn in FIGURE 1 includes mrrors 26 and 28 for focusing the
IR radiation. Mrrors can also be used to nmultipass the infrared beam nore
than one ti W0 @movwes2the interior volune 16 in order tecevkang®sdhe detection
limt. The infrared |light source 10 in the FIGURE 1 system may be of any
suitable type, as for exanple 5 a PerkinElnmer IRL 715 infrared |anp providing

TR radiation in a spectrumof fromabout 2 to L about 4,6 mwaveEgngth. The
t her mopi | e Sestteneniledased pralis swtemallugavgl showp i F{GEH élwg%,@%fg or exanple a

Per ki nEl PS_3 i ngle detector, a PerkjnEl TPS Le detector,
o e 52 Rl B 0516 B Sl B G bty S @
hecessary %or‘i'g%!ll B%bn‘mee aé%Fsﬁ%%t\é&!} 608 USH ogcgplo'eﬁﬁkée% RlechdGinki gL i on.  Such

illustrative ntrare source 10 and thernopile detector 20 el ements

are cormer Gl gLy @YBhkehb 6 Al AT RES IAEhIRY: PoRORHBE!§ALTS: ilhgsbaden,

Germany). Thernopile detector elenents in one preferred enbodi nent of the

i nventi ofi han@iREImGSIRO IS Linfrirkd Bmp Protilieg FOradRtidh ih b hpasans fionmpoutange.

Thernopi |l e detector units enployed in the practice 15 of the invention are
advant ageousbiyt 460nf wgelaagh Wrhethaatse tdorctalRddikbeise aaydaf tugrsuitabled tast | ng t he
infrared light to be measured, with thermal el ements positioned bel ow the
absor ber araedpr eamptehaferkinFlngr &BS [Biog kinsle siceteta RegkinthacraBofBefivglt ea heats the

absor ber area and gen'er ates a voltage at the output |eads,, as a DC vol tage
provi di ng aertelect PeriaBimer 26% ¢k dpteriqrgene Podpfimer %ﬂgfgp%\ﬁird.ete%?}cﬁs t her nopi | e

detector unit advan(ﬁa. usly .enpl oys a gas-s i f.ic 20 inf ra ed . radi ati on band
. h i
pass filter™fiFFr n eSlgaS%t fé ?ﬁegreﬁgéfﬁ @’pgcea?’%? gglee]?vglr%’ﬁt ,ézlgol [uﬁaatnv? he
10 infrared light source 10 and thermopile detector 20 elements are commercially available from

PerkinElmer 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 absofber area, S0
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 thexmopile 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



decrease in output voltage generated by such thernopile is directly related to
the anount of infrared absorption by the corresponding gas. The thernopile
detector unit as nmentioned may include a multiplicity of absorber areas,
i ncl udi ng r &f@rergetst unfiltered) absorber and gas- fil Per@eoatmensber regi ons,
with the latter filters being gas-specific for sensing of the 9 WD 2004/ 010462
PCT/ US2003/ 013937 sem conductor gases or gas conponents of interest (e.g.

i germane, stibine, distibine, S|Iaqgi substi t.ut ed S|Ianes

9

arsi ne, phos

chlori ne, %ﬁf% “"t"éﬁﬁ%ﬁ%‘;tcélPP‘?“é“tf)Pfe‘ETﬁﬁe%?gxfésﬁl?rph" BoIPReHEBF dance wit h
t he invent| det ror units are for 5
process con Wm% é@%ﬁ#ﬂlnﬁﬂ ct6r © wgggggmn%gm? eﬁgﬁgmd&mnggjc¥f ed nore fully
bel ow. In one illustrative enbodi mrent of the invention, the thernopile IR
detector unit is enployed as a gas delivery nonitoring unit, e.g., as an
in-1ine monit Rkorisd aidh 8d iRniidAe tB@RpAeiH ¥&Edor b#€are %ef@ysc@m@émﬂ#ct or tool,
to ensure delivery of an appropriate concentration of material into 10 the

t ool chasbeproasddontiol i semicaidn@stipkdoyss applicidad)asalpglibedatdrofi]ly bdi@v.i nher ent
stability of the thernopile detector unit facilitates accurate concentration
nmeasurenents. Use of the thernopile detector unit for such gas delivery
sensing and control in turn mnimzes the need to calibrate nmass fl ow

cont r ol | er sinpse dlustgivagubedimgnt @€ fhie yuventiopfthy ﬁ@m@@ngiﬁ?“?b“WtH%WWd Furt her,

t he signal generated by the thernopile tector, uni abl dback control
15 ar r angen®rits 15VEEPHSTEHEH: &8 Sﬁnflhgﬂes%?wf&fdmye@ Blrfﬂ?ﬁaagag’gfy gy,

| nvol ving f?%‘e d%mﬁzléndfugtgrngo ttrt;eensure Jeﬂx‘?eo o a d%i[;r%grgae co; muon o% tf: % flow
controller responsi ver y I'ncrease €S so as to

mai nt ai fy COPSRNEhabBACARLS Abd WlenitéP! fﬁ%‘ﬁ]’:ﬁ bLyhkdiByy fﬁ@hﬁereﬁt%@agﬁﬂl offhtix, etc.

thermopile detector umit facilitates accurate concentration measurements. Use of the

thermopile detector unit for such gas delivery sensing and control in turn minimizes the need
to calibrate mas.s flow controllers used for metered delivery of the feed gas to the tool
Further, the signal generated by the thermopile deiector unit enables feedback control
15  arrangements to be implemented in the semiconductor process, e.g., involving feedback from
the therniopile 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, ete.

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 unit 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



In another illustrative enbodi nent of the invention, a thernopile detector
unit is utilized as 20 an abatenent tool controller for an abatenent system
for treating effluent produced in a sem conductor manufacturing operation, or
ot her i ndus™wo zbh4/ppseess. For such purpose, the ther mppiiuszoaeEtiesror unit
advantageously is installed at the inlet of an abatenent apparatus, where the
abat enent apparatus receives the effluent to be treated. In such service, the

thernopil e detector unit is used to sensge mhether(gr nﬁgwﬁnlugéﬁrean1tool t hat
gener at es t #AUSLDRPEvVe opsteert ORRESLOETP ES3HBRIRTE IR F AU Th

_ péue : ( _ Hf ve on-stream
Che. Upstreafh B PER ST iOR LRI OB B0 Ry Shapetgny rIBGRAEL 7 "
purgi ng or clgalnﬁa.n. I'i?egchen;ll_ ‘?1etd'&§:!t$¥‘hﬂlt,' bﬁ wq\g%?%re&ﬁc é’k@linfnle, ipﬁsemy eﬂf)loﬁﬁ%gi fic

exanpl e, is userullTy € oyed as anh abatenent tool controller for an,effluent

scrubber, Sé!ﬂ%lﬂat enfroltRbntf b YEAR birREnt Sorehb¥r, 6K ARRRE sendbbivaes @b Yorithe, presence of
the thernopile detector unit transforns the scrubber into a "smart" scrubber

and enhancegnddde tRfpfdsbEntye Bbmiohie ®EEUDREY trandbrhne Wiersgrubien &8y & Gidagh  of
resources (lower consumabl es) to be achieved. As another illustrative

exanpl e, t hembhe b pitheedet eftcincyu the sguhbse hildwingcaserefipt gbrsousdoat enent 10
application for facilitating the swtching of abatenent equi pnent and/or

abat enent t(wat smsumables) kdgschictebpendi ng on the type of effluent being

di scharged from an upstream sem conductor process tool to an effluent

abat enent scrubber. For instance, when the thernopile detector wunit detects a

ggg?gl tion Xéa e}ng‘c{lfisr?ﬂustga%irgéth;s)lia,l ﬂ?er}gérml)]gl\{av-dlétecgoartu% is%lse)ful iﬁ Q’leefﬁje;ﬂj aHfﬁgitlengas stream

10 application for facilitating the switching of abatement equipment and/or abaterent 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
100l (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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be sent by the nonitoring and control systemto an abatenent tool nost
appropriate for. 15 abatenent of the effluent fromthe deposition process
(such as a thermal oxidation unit). Wen the thernopile detector unit does
not sense tHEOHEHHEIR|I on material, it inplies that thePCTaGRoO/eL3087, an
upstream vapor deposition chanber) is undergoing a cleaning step, and the gas
streamthen is sent to a different "best available tool" for abatenment of the

cl eani ng st eognceﬁ{atllaxygpﬁnﬁ (iﬁclﬁ ged foﬁﬂ%& ﬁém ﬁ?c@&r&aa %0 oo Lgsdl @;%gﬁepa%

illustrative exanple ete unit 1§ use enpﬁoyed as an

end poi Nt deh@etP signainehoah Se| saﬁtt@lﬂl e sewms! Heamd LaR-a: SR engUet or process
chanber. In such service, the anal yzer serves as an in-line nonitor to sense

t he concent regiipitsnt Bibt 1BPadies shits S3eHAhgPParkto O thill e ioMGRESssh BRaEHAS a
function of tinme. Changes in the sensed 11 WD 2004/ 010462 PCT/ US2003/ 013937

concent r at i enpwfe, tdmingdi schar ged ef fl uent from the process chanber can be used
to generate endpoint signals that can be sent to an tool operator, and/or to
aut omati @ process contr ol equi prent that responsively shuts down the

apparatus or_initjates post-processing steps such as purge, cleaning, etc. 5

FI GURE 2 sh&i&%%%ék%rfﬁﬁﬁlger&eaﬁ cellvied eiey A Pe AT dbEGTBOTUN ¢ i 0
O e R SE5 Be e R PREE S E el MBI e <t oo
was simul at i é{r@ob&f tG&hC%lléﬁl. Copt gllsﬁ'uL, rlgeagnf &Lsu%{llative 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 spectromster signal
(curve B), and the thermopile detector unit was capable of capturing the comceniration

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
”I:he semiconductor process tool 102, as shown, is arranged to teceive a source reagent from
source reagent supply 108. By way of examples, the semiconductor process tool 102 may
iHustratively 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

12



produced by a sem conductor device structure arseni c doping process, or
alternatively by a 10 gallium arseni de epitaxial growh process. As shown by
the curves in FIGURE 2, the thernopile detector unit response (curve A was
faster thanwdmodiiedsR spectroneter signal (curve B), aadusitees/ibsy mopil e
detector unit was capable of capturing the concentration changing trends. 15
FIGURE 3 is schematic representation of an exenplary sem conductor process

system 100, includi n& an illustrative S"Lei’(iln conduct‘%r rocess tool 102 coupled
Wit h abat erfiepasitigh (¢VIoshamber recgiyigian §rEargrefpdift PEURPoiEh s PHEL %8 of a toxic

or hazardous character. Th tem.includes a . cent | unit (CP
110 for prc¥ sl%ﬁoﬁitqey?cﬁﬁ%ﬁg&%ﬁﬂu Tmtﬁ"f?’lc?nzlll’nﬁ%an\yé)?l%l Jg&% zﬁllrtr{g%i | e 'de"g ec:JZ)r
units, as hereinafter descrihbed.in greater detail. 20 The sem conduct or
process todf f ?mérsrnagﬁfg(\’?\mnnngg?ﬂ?lfranged to receive a source reagent from
source reagent supply 108, By way of exanples, the sem conductor process tool
102 may illustratively conprise an epitaxial growth chanber, wth the source
reagent eigdifredreddehiofn s@@® rea@ént Eilpply 6T fedd Gine Prow elessehinaldudi®? may
illustratively conprise a chem cal vapor 12 WD 2004/ 010462 PCT/ US2003/ 013937
deposi ti on pededPoot hEntiRed liscHi chmignsanmes dawenetodibl 18 eprirped wilbp 12fsom t he sour ce
reagent supply 108, or the process tool 102 may illustratively conprise any
ot her pr ocdowicngrolie set point adjustivpiaioligreried dbrumase oW pongoYes & Ippieive

relationship thereto. A thermopile detector unit 116 is mounted in an in-line manner in feed
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 torn 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 mannet, 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

abaternent unit discharge line 124.

13



5 Source reagent from source reagent supply 108 flows in feed Iine 114 to the
sem conduct or process tool 102. Feed line 114 contains a mass flow controller
112 equipped with a nass flow controller set point adjusting unit 138,
coupl ed to woeomes®ics | ow controller in operative rel aPCDASHIPIINEreto. A
thernopil e detector unit 116 is nounted in an in-line manner in feed I|ine
114, and arranged for detection of the gaseous reagent flowed to the

sem conduct or 10, process tool .in such feed |jne 114. The gag congentrati on

si gnal genépﬁﬁgﬂwﬂvuﬁﬁéx?ﬁ%FW%&EW%ﬁgﬁ%@%ﬁ@“ﬁk@E?é“??ﬁﬁ%ﬁ???ﬁﬁ”?ﬁﬁ%igna
transm ssion |ine. to t U 110. Th Y1 arranged in
control | i ng‘%f:e tf)ratuf]%)ﬁléﬂi%?ungg t%%lﬁs&%fwgg t¥ 8%“%%"3%2% ?ﬁSfrr]% %@B&% The nass

fl t ' A R C b ed Al &Pl s the set
ow con rOJohlS@egrgs}. glglhp{rm@f{;ﬂg%%aigg 1&14%1' 12013G0on My Chlnbiked 2lcBneRAkEP! S the se

poi nt of mass ol I'e I'n this manner, the set point of the

mass f1ow conidQlohf thatB¥adlid@Ruloah aehsinsib@BRAGH tllcPU 6. concentration sensed
by the thernopile detector 116, to responsively adjust the set point of the

mass flosv controller by adjusting unit 138, so that mass flow controller 112
provi des a precision set point flow of the source reagent to the

seni condyctioresjpmede g streivk by BembpiletdtectdzuEURE & thayssieeed comhenestésirindnduct or
process tool 102 produces an effluent that is flowed in effluent discharge
line 118 t cfffuget sipran oyaffientydischargegipefldy, the @B Abheantcargptiyaly @divg therseeat ed
effluent of appropriate character, which jis difcharqﬁd fromthe %batenent uni t
104 in abdeBhehmashilowdtosEHist §& |Bne mpegylatiopgof sot pomnt adjusting unit 138,

Alteratively, 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/ﬁr 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 conceniration sensed by thermopile detector umit 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. Concutrently, the CPU may send a

control signal in control signal transmission line 152 to the valve coniroller 150. The valve

14



WD 2004/ 010462 PCTI US2003/ 013937 The sem conduct or process tool effluent

di scharge line 118 as shown contains a thernopile detector unit 120 nount ed
therein, for sensing concentration of desired effluent gas conponent(s). The
t her nopi | e wet@ebmaszunit 120 responsi vel y generates a mavcsemsosbizon sensi ng
signal that is transmtted in signal transm ssion line 154 to CPU 110. 5 In
response to the sensing by thernopile detector unit 120 of the sel ected
conponent(s) in the effluent streamin effluent djsch e line 118, .the CPU
110" can copimepl i e govle irgentiofiss SOSHEIR 0% ForrabeN? T A ESRVESFSer 112, by a
nodul ati on of _set point adg'busti n un'lt 4113 Al t r.naf i \(/nenl %e bhe gPU 110 in
response t &t HE® L46noupeoed it B 25 PR 1 nEe PP St §o8Rarge 18 stream as
sensed by thernopi] e det.ector unj 2Q, ] I rce reagent
to the semf n?fué{e%?heﬁ?lﬁeccé’g%onfrgfgp’ %% msucﬁ&géssmgggg o%@?ég{’ %id I}zﬁéf'él ow cont r ol

val ve (ot SHONR) uj i EGHibhABobMbcssaRifor ef fect ot her operations ¢ hat

modul ate of termnate processing ‘steps involving the sem conductor process
tool 102. 15 For exanple, the effluent gas sensing by thernopile detector unit
120 may be enployed to effect changeover of the sem conductor process tool
102 from am 8 hiaMer, feQeesS it is g enlyopudged OF emrve ngzavbgress, o rfadiginfag first active
processing step to a subsequent processing step. By way _of specific exanple,
t he concentubstrenhactersendsshg, or hlsrtysl readdpdtfacalagping HEpE PEXFINE SF0StHET conponent  of

interest in the effluent streamin discharge |i ne??;slﬁﬁ& be enpl oyed to 20
gener at e aa%iBe (RSO PIIEFs TN CB15R thePIER 8 *@gﬁqe"tﬂ% 1o th@y Ry g‘ﬁal
transm ssi t%r;uil:ﬁicigtﬁ 'exter?nétlo rtegmve the source reagent residues, decomposition by-products, etc., as
10 indicated by comesponding concentration sensing by the thermopile detector unit 120 and
iransmission 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  TIn leu 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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CPU 110. The concentration signal may indicate that the active processing step
is satisfactory conpleted. The CPU |10 then termi nates the active flow of
source reagent from source reagent supply 108 to the tool, as previously
descri bed. ®shwiwmewt|y, the CPU nay send a control segrab2edxpiesntrol signal
transm ssion line 152 to the valve controller 150. The valve 14 WD 20 0 410 1
04 6 2 PCT/US2003/ 013937 controller 150 is coupled in controlling relationship

to flow control valve.148 in th urge eed |ine d to purge
gas supply ﬁ&bateﬁ‘?@tu@ﬁi%%‘m@i‘v@ﬁéﬁoﬁﬁﬁﬁg :{ﬁﬂ'&gii%my ?%\(Aé}lqu%‘%%%g%ﬁt es the
val ve control l.er ,150..whi.ch i C es  val v Ne o & purge gas
to flowt hr%rlﬁérﬁfutd e “%u H%bgﬁgﬁ%t%e%&%?to%%gs&g ch+s %8]%4&%&%&}?{% esg ha%gtner , the

process t0QLyidrCh &l Yoo 98HatRh wRAY BBy HCHIRR gas cshemangtseadi ed for
subsequent active processing, or alternatively readied for cleaning steps

precedi ng SUBSHHVENLdsoREdd syRerksDBtc.St ream) processing. \When the purge gas has
been fl owed through the process tool to sufficient extent to renpbve the

sour ce rseagent residues, deconposition by-products, etc., as 10 indicated by
correspondi ng concentration sensing by the thernopile detector unit 120 and
transm ssi dr pipdstvef dbsiotipm techbetomene mit Hdiipshown gnEGURK Sstsgpaprisegnsni ssi on
line 154 to CPU 110, the CPU actuates the valve controller 150 to shut valve
148 and teﬁ%ﬁﬁ%@@ﬁﬁuwﬁehg§§ﬂ$F%WW“@b&%ﬁ%mﬁFdE%¥§¥@5@F¥8T§mpﬁmF?@ﬂ’of, or in

and el . e ey |
addi tion Lo, Lhe prov) 51,80 0% D HBRIE 0L SLBuatl e WPk  eed 1ine

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 thetmopile detector unit 120 therefore is usefully arranged to sense concentration of a
component to be abated in the abatement unit 104, and fo 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 programmmatically transmiis 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 abaic the scrubbable component of interest in the effluent siream.
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to the sem conductor process tool 102, the systemmay utilize the thernopile
detector unit 120 in the effluent discharge line 118 for nonitoring and
control of the sem conductor process tool 102. 20 Additionally, or

al t er nat i vemw 2odnaodsher nopi | e detector unit 120 upstreaar/@f20eisEssment unit
104 may be constructed and arranged to nonitor and responsively control the
abatement unit 104. 15 WD 2004/ 010462 PCTI US2003/ 013937 The abatenent unit

104 i1l ustr al.thllvﬁle ns Flntiweigf(lbwer c?nceri%atlon of o éub%gl}fe of Xx?ernt B4 etffYL!%S:tS and can

include multiple~a eps and cons uent process units,

e.g., wet %&&th op% Yot Sfd YRAPEOSvin Lams‘ertﬂ@éwﬁo%gm@e MO co@hdl Ytic

oxidation units, ‘chem'sorption units, physical adsorption systens, etc. 5 For

pur poses of 1k4 {ouﬁueahémoﬂs&ab@@h@mﬂfo thi Hbhterddd udiS108 WLt the sfrhiBlRE 3 as
conprising a wet scrubbing unit, by neans of which the effluent discharged

fromthe semetomdigbaded ifDinGaRSE afidd b ralddRatiivupphomtieant ge ambme ofldBbbadlesubj ected to
wet scrubbing. The wet scrubbing is carried out in scrubber abatenent unit
104 withSa serioadit to Yeirepudvedd. s Elreubiobhieg meddinyenptaiung, the stblggtcempongditebine aqueous

sol ution, basic aqueous solution, etc., supplied fron1scrubb|ng medi um source
106 and f | ovetcharecd &pm Hisiabaierastingt 4 ’ééﬁ“‘?‘?ﬂﬁéﬂeﬂ’ﬂé’ dighagrding b2 enent unit 104,

The flow rate of scrubbing mediumin line 162 is controlled by flow control

val ve 160,
In an analogous manmer, the treated effluent discharged from abatement unit 104 in effluent

discharge line 124 may be manitored by thermopile detector unit 126, which transmits a
10 correspbnding concentration signal in signal transmission line 164 to CPU 110. The CPU
110 thereupon programmatically responds to the sensed conceniration value by modulating
the flow control valve 160 via valve controller 158, as previously described, to increase,
maintain or decrease the scrubbing medium flow mate, as necessary to achieve a
predetermined low level of scrubbable component in the final effluent discharged from the
15  scrubber abafement 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 concenfration 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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operatively coupled with valve controller 158, which in turn is actuated by
means of a control 15 signal transmtted via signal transmssion |ine 156
from CPU 110. The thernopile detector unit 120 therefore is usefully arranged
to sense cont@At%¥A¥#8Bn of a conponent to be abated i n ACRASY8HOBENENt unit 104,
and to responsively transmt a signal correlative of such concentration to
CPU 110 in signal transmssion line 154. In response to 20 such signal

i ndi cative Em%eﬁg&&% B{]Tglrs)e ld?ggggé)ﬁ%ﬁgha % 18@1234[)8‘;&% cbﬂ?rOTIQQ3¢?f fluent

stream t he rogra t1ca transmt a control signal 1n control

si gnal tran?%‘g&&iv&?cdu%{é@wﬂﬂ?)@a&Qal%aibﬁ’evﬁ%ﬁtﬁiu%ﬁfﬂﬁ&mmcﬁﬁ{rolmg’dél ates the

setting of w contr valve 160 to flow a desir anount of scrubbing

medi um t o t hgsahadienis Wiy 104 BY ahs &efiesit] Rgcortdnbation@f thekdritbad , t o t her eby
abat e the scrubbabl e conponent of interest in the effluent stream 16 WO
2004101046 2confpdheniSa & 3iMita Fdih thdutatembit @nis &0¥sih mysedfby shermdpét daretoy whibwer
concentration of scrubbable conponent in the effluent stream by thernopile
det ect or 5 unl26 ah@ e vankdniration signdl et CRIBUIILO by oigest trapmissivhlineigh.vEheddght rol | er 158

to reduce the flow of scrubbing mediumto the abatenment unit 104, so that the
scrubbi ng Hedespwrivey gdaA Qaiep! Fignsh i Sﬁ‘?ﬂﬂi‘ﬁfm‘aﬁtﬂ’néﬁe E3orto fhe velgoniralien, n or opr i at e

to th t of ~ubbabl e 5 bb di
cont a?n?ES“{‘ﬁéé’@zsﬁ%ﬁaavaawﬁwéﬁ%‘fefeﬁgﬂae viige B3 L RARER G PO EEEtEBht Sront uni
104 in scru

_ 0 e
104 0 SCTURES RANTEHUT, M SENANAG 1 1S 2d Bine 1 5, ) (ARALOGGLS SRANGL . L De

ar e rom apbat effent uni t ent di scharge
line 124 nmyy; q§4m)n|tored by therm)plle detector unit 126, which transmits a
10 corresponél ng concentration signal in signal transm ssion line 164 to CPU
110. The CPU

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

to maximize removal efficiency of serubbable 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 conirol 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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110 t hereupon programmatically responds to the sensed concentration val ue by
modul'ating the flow control valve 160 via valve controller 158, as previously
described, to increase, nmintain or decrease the scrubbing nmediumflow rate,
as necessar wamoauhiseve a predeterm ned | ow | evel of scrwkbedhimiconponent in
the final effluent discharged fromthe 15 scrubber abatenment unit 104 in

di scharge line 124. Such predeterm ned | ow | evel of the scrubbable conponent
may for exanple be a concentration that is below the |lower detection limt of
t he t her nopidbleycde twich dinating tto 5@8¢ thencoaertiratioph of gnulirdi IEa PHPCRAE 1| ow of
scrubbing nediumto ensure that the desired extent of 20 renoval of the

scr ubbabl e negirpaprasnt Piosesafsiteyed, the concentration of the scrubbabl o
conponent sensed by thernopile detector unit 126 nmay be transmtted to CPU 110
in signal transmssion line 164, to responsively actuate recircul ation of

effluent fromdischarge.line .12 il af 1:he. nit 104, in
line 128. f?rqp\?\bag}ﬁf@% %dﬁvgﬂnoﬁéﬁ %@ES’H&%@I‘% ?(Eggtcrﬂi@gjl {%EISQ?:E&?%SI{%}S ![O 3- WayI
valve 132 ‘3%}&%93@%@&&% SGD2NAR bb HeB i hat ¥abHR SRR Rbde@ing ERflity ins oper at i vel y

coupl ed 'wi t alve 132. Valve controller 134 is joined by control signal

transmi ssi Qphykiibgi 33Gick @ cGRMisddera niitiplifliySf Rolandeoest systtrheonpomoent r at i on of
t he scrubbabl e conponent in the effluent fromthe abatenent unit 104 is

sensed by thBhdaEmt ket Hamepiteaktctton uritsSnal 6 udlivdd tdneurpothowitit 3 miliimdinitstfgnal sent to
CPU 110 by signal transmission line 164. The CPU 110 responsively sends a
control si getediorunitsgi gariahs logatiomsraf &6 isericdnfiyréor PoGese:-&- AbsPrefic d2ubRt ¥ol | er

regions of the process sy’stem. 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 effectnate 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 tadio 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 ceniral

processing unit or other computational or control means.
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134 coupled with 3-way val ve 132, whereby the valve 132 is adjusted so that
treated effluent fromdischarge line 124 is recirculated in line 128 to line
118, for reintroduction to abatenent unit 104. 10 In such manner, the recycle
rate, as weWOX&/4e2 scr ubbi ng nmedium fl ow rate, are cBAT/EHINHDIST to naxinm ze
removal efficiency of scrubbable conmponents in the abatenent unit 104. It wll
be apparent fromthe preceding discussion of the illustrative enbodi nent of
FIGURE 15 3, that thernopile detector units.may.be varjou pl oyed in a
seni conductﬁ’? Eﬁﬁﬁﬁﬁ’ AL | 6"?%?8‘3'?‘33@}’ %plr'ﬁ%ennfs'tl%vre;{tﬁ)élsmcguﬁ{é]grnﬁoa ie»gllr)#s and
responslveh¥&%ﬁggr8éﬂ$$u4dn&Lﬂmﬁﬁq%8§ﬂﬁqagﬂlqoﬂggg%ﬁg{ocess condi ti ons and/ or
oper ati onal "aspects © Yhe"Sem conduct or process, so that process efficiency
is maxi mzed, process reagent requirements are mnimzed, and product
consistency is nore effectively achieved, relative to a correéspondi ng

sem conductor 20 manufacturing faé?%ﬂﬂ%gﬁacking such thernopil e detector

nmoni toring and control nmeans. Further, although the enbodi mnent of FI GURE 3 has
been described generally for a single gas conponent of interest (as the

moni tor ed gas, SPECHERNior &seoll hlpefodRRE A SR he  di scussion earl i er
herein tha = y be advantageously 18 WO

2004/ 01046 %1&@ 440 RR3 0 3 F3don& ik MR ebpilvBEEHbr kiR ds @ Funk fonSE BiFRrehN €

concentrations of multiple gas conmponents in nulticonponent process streans.
trimethy] silane concentrations. Trimethyl silane is a candidate material for thermopile-based

process monitoring applications as it is used as low-k precursor in semiconductor processes.
10 This specific system includes a dual sensor thermopile detector. The active element filters all
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
i)y 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,l\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 (.999 correlation coefficient. Based on such calibration curve, a detection

limit of 500 parts per million (ppm) was estimated.
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Further, although the invention has been illustratively described with
reference to a single 5 sem conductor process tool, it will be recognized
that a sem conductor processing facility in conventional practice is conprised
of a nul ti pvociotyioez t ool s and process syst em conponersanyszocangeizher ef or e t hat
thernmopil e detector units may be utilized concurrently with a nultiplicity of
detector units in various |ocations of the sem conductor process, e.g., in
specific ch r. 2] f.t. py.ocess, system flow circuitry, and that
the IRt her%roﬂ%iﬁ%%ﬂlgel{weecﬁo%rﬁgﬁfe sva%rglslyb({ewc%edlslhet%@ P”éfg] é‘éjerﬁ?“? N é@ﬁ%"??ﬁ%’ circuitry

i nvol vi ng  Ofigbo@ime i hild fpdhﬁ'esgi?%we%fyﬁccia@é’d%?ﬁégﬁﬁo in?%félagﬂ %‘atgg addlrpes am
controllers, etc. Further, it wll be recognized that the tfﬁerm)plle detectors
in  produciteginbdve agenod iHtadHd t& iigi #eSinvERionD SrdUhdt lothgSehriioht) nfalightoad gnal
generation and transm ssion/control devices and interfaces, to effectuate the
process norind ethenentaxdoheoo it @lggest thaatdvens meedddrdimnaskipRchd i€ operation. 15
For exanple, the thernopile detector output signal may be converted to a radio
frequeng 1gyeptea therafern iri¢ baboaddlly poratryed dousisftaniepitiethe slaitns harsyfarseicthrtit. hat i S
transmitted to a radio frequency receiver in an integrated w rel ess network
for nonitoring and control purposes. 20 The vol t age- based out put of the
thernopi |l e detector nay be converted to other signal forns, or even
reconverted to an infrared control signal for wireless conmunication to a
central processing unit or other conputational or control nmeans. 19 WO

2004/ 010462 PCT/ US2003/ 013937
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The features, aspects and advantages of the present invention are further
shown with reference to the following non-limting exanples relating to the
i-nvention. EXAMPLE 5 Thernopile Detector System Experinmental Using Trinmeth 1
Si | ane Fi gu® 204¢fadsohst rat es t he response of a ther nDpPFEUSREI3EEINT system as a
function of different timethyl silane concentrations. Trinethyl silane is a
candidate material for thernopile based process nonitoring applications as it
is used as | owk precursor in se M processes. 10 This specific system
i ncl udes a dual sensor thernopile = The active elenent filters all IR
light with the exception of the nmethyl group (around 3000 cm1). The second
filter neasures 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 di WHEd t3Imedis: sj gnal generated by the reference el ement. The curve

| abel ed "active" corresponds to the voltage generated by 15 only the active
detector elenent. Figure 4 also denonstrates the stability and repeatability
of the s10Ni t Or A REMiSHILEIN prdobsg WsenDinSBANS flew graply fof fiew 6f4 ploteat gan curve for
timethyl silane,,based on the information depicted in Figure 4. Simlar to

Fi gure 4, one csaildspstant coprprigap: ve corresponds to the ratio 20 between the active
and reference signals, while the other curve corresponds to the signal
generated by the actiye detector el enent. The curves were fitted to a second
order pol ynomi af & P “ga‘e@?“efﬁ‘itg‘?mf’??ésr?aﬁ. 999 correl ation coefficient. Based on
such calibration curve, a detection limt of 500 parts per mllion (ppn) was

estimat ed. an infrared radiation source constructed and arranged to iransmit 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 respomsively generate an
output signal comelative 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 ¢laim 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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20 WD 2004/ 010462 PCT/ US2003/013937 Al t hough the invention has been variously
di scl'osed herein with reference to illustrative enbodinments and features, it
wi |l be appreciated that the enbodi nents and features described hereinabove
are not int &vHWHBLEIi Mt the invention, and that ot hePCVERI0AY113433,

nodi fications and other enbodi nents will suggest thenselves to those of
ordinary skill in the art. The 5 invention therefore is to be broadly
construed, consi tent |nB her eaf t 21 WO 2004/ 010462

So U003/ 0190 rppe e Ginkted  Lon e el Bl b R R or ot oeocs

systen1|nclud|nq¥ ﬁﬂ&h dd L hd m&&%mLh& of a process gas, said system
conprising: a gas sanpling region for the process gas; an infrared radiation

source 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

sanpling region and to responsively generate an _output signal correlative of
concentrati &n offhggenticoaductoppraceseiveep afclegp BfaTt e pastspapling Fgicadsingas: and

5 gas feed line delivering chemical reagent process gas to the deposition chamber.

5. The semiconductor process system of claim 1, comprising an abatement unit for
abating af 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 proéess 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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process control neans arranged to receive the output of the thernopile
detector and to 15responsively control one or nore process conditions in

and/ or affecting the sem conductor process system 2.The sem conductor process
system of cW&i28842104620npri si ng a deposition chanber. 20BCTIHRIGOM9EDONduUCt Or
process systemof claim 2, wherein the deposition chanber receives a chem cal
reagent froma chem cal reagent source as a process gas, and the 22 WD

2004/ 010462 oPCT/ j e tor i.s. arranged to sense

concent rati on oﬂggﬁggéégéggg%m%g§é%ﬁ?h%%%gééégﬁ%éw?ﬁ??ﬁﬁ&gbﬁmFgﬁ?ﬁe deposi ti on
chanmber. 4. The  g8#j.£0nduct or process systemof claim3, wherein the gas
sanpling region is in a 5 gas feed |line delivering chem cal reagent process
gas to the deposition chanber. 5. The sem conductor process systemof claim1l,
conprising an abatenent unit for abating at |east one conmponent of said
process gas subsequent to its use in an upstreamunit of the system 10 6.
The seniconﬂyctq& groce s systemof claimb5, wherein the upstream process unit
conprises ah” epi S OMYF TPRFE B Pt claim Ot herein fhesombRFe cOIHFE 69&Es syst em of
claimb5, mhereigm&gg upstream process unit 15 conprises an ion inplantation
unit. 8. The sem conductor process systemof claim5, wherein the upstream

process unit

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 medijum
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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conprises a chem cal vapor deposition chanber. 23 WO 20041010462

PCT/ US2003/ 013937 9. The seni conduct or process systemof claim5, wherein the
abat enent unit conprises a scrubber. 10. The sem conductor process system of
claim9, whéY@op/ps2scr ubber conprises a wet 5 scrubb@ET/UFP03/0ELS7

sem conduct or process system of claim 10, wherein the wet scrubber is coupled
to a scrubbing nmedium source. 10 12. The sem conductor process systemof claim

L1, wherein {5 owrlsoRELURBE TR o B! Ditrsif ik Bhn Rl lfihRQUT C€ 1O the

abatenent unit is nodulated in response to concentration of a 'scrubbable
conmponent in theee8SSmgas treated in the abatement unit, wherein the gas
sanpling region is upstreamor downstream of the abatenent wunit. 15 13. The
sem conduct or process systemof claim 12, wherein the gas sanpling region is
upstream of the abatenent unit. 14. The sem conductor process systemof claim
12, wherein the gas sanpling region is 20 downstream of the abatenment unit. 24
WO 2004/ 01041%2 Pﬁ‘l‘l U8200§1013937

e semiconductor process system of claim 15, wherein said abatement unit

5 comprises a thermal oxidation unit.

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

a catalytic oxidation unit.

10 18,  The semiconductor process system of claim 1, whersin 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 oufput of the thermopile deiector 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 alier a valve setting.

20
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15. The sem conductor process systemof claimb5, wherein the abatenment unit
conprises an oxidation unit. |b. The sem conductor process system of claim 15,
wherein said abatenment unit 5 conprises a thermal oxidation unit. 17. The

sem conduct W0 23M@Eel system of cl ai m 15, wherein the BEHVRAMBHE%MIt conpri ses
a catalytic oxidation unit. 10 18. The sem conductor process systemof claim
1, wherein the thernopile detector is -constructed and arranged to nonitor

concent rat i gn of,{ (e, Br8GeSS 9A vl JPLEEIACARPHRARMbCREBLEL I O of an

operation i thé process sygfe e sem con tor process systemof claim

18, wherein at GQIPLRILRNAS inhiS and? 1 RRBEAELRMoWS AenQYdt Of the thermopile
detector is enployed to change over a sem conductor process tool in the

systemto a subsequent operational step. 20. The sem conductor process system
of claim 19, wherein the thernopile detector output is enployed to alter a
val ve setting. 20 25 WD 2004/010462 PCTfUS2003/ 013937 21. The sem conduct or

process systemof claim 19, wherein the thernopi]e. detector = ou t is
enpl oyed t &2i ni TieaBicoyy R Praces Fﬁs’f‘?%"égﬂ% dVBFIe eql‘ﬁm{’?'}% dgvgt?reoﬁipggz. The

gﬁrpﬁgndSUCt or p{sgr%p gysed%t}/r%cgcgg]a%&dglloglra% i}l’the\%@s?gxgl n the thermopile detector

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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51is enployed to nodify a fluid flowrate in the system 23, The sem conduct or
process systemof claim1, conprising a sem conductor process tool and an
abatenent unit treating gas discharged fromthe sem conductor process tool,
wher ei n t heWPheMte2l e detector is arranged for nonit ordmgszene13es? nore of . 10
gas flowed to the sem conductor process tool, gas flowed fromthe

sem conduct or -process tool to the abatenent unit, and gas discharged from

t he abate 24. The sem conduct or tem im23, wherein

t it. f.cl
the ther mopti e HEBEIBIPE PR FREN GE ST, THoeE S PR PHATFPE R he
sem conductor process &l%qtl()%%gmhgrggdf§0%g%gg&%%ﬁ process system of claim 23,
I''e"det or | )

wherein the thermﬁ) arranged to nonitor gas flowed fromthe
sem conductor process tool to the abatenment wunit. 26 WO 2004/ 010462

PCT/ US20031013937 26. The sem conductor process system of claim 23, wherein
the thernopile detector is arranged to nonitor gas discharged fromthe
abatenment unit. 27. The seniconductor process system of claim 1, wherein

out put of £he tHerwpjsprdects preeesciveiem| & aiadl: tdierpoutt of FesBirmapilent of a nass
flow controller, 28. The sem conductor process systemof claiml, wherein the
out put of the tq’?@FtﬁHE)quém modulate a set point of a mass flow cofiroller.

28.  The semiconductor process system of c¢laim 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 éomponent 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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detector is used to nodulate a recycle rate of a fluid treatnment step or
operation of the system 10 29. The sem conduct or process system
of claim1l, wherein the gas sanpling region is in said flow circui 30. A

met hod of oN€rWPYHEH6A seni conduct or process includi ng BFHEENEVHEPIDf or with a
gas, 15 said nethod conprising sensing concentration of a desired conponent
of said gas with a thernopile detector, generating an output from said

processi ng

ther mopi e det ekt onloidh Gl 30w Rlkeif AICAN Akl QaRbnSRbly 3 aheghethocomponent  of

sai d gas, and contro
sem conduct or

p

PCTI ES2003/ 0139
conditions in and/or affecting the process include flowrate of a chem cal
reagent to a sem conductor process tool. 32. The nethod of claim 30, wherein
nore conditions in and/or affecting the 5 process include flow

t he one or

rate of a g

sem conduct

sem condyctor p

10

15

33.

34,

335.

36.

Ing one "or nore conditions in and/or affecting the

%ﬂfc@s% $nclubidfIdRRRANS EhefnalSrigeht toUbeiRldbnduct: pAes @i/ 010462
7 31. The nethod of claim 30, wherein the one or nore

stream.discharged fromor flowed to.a process.unit. in the
gf‘ phr&?:éqfng‘f’é .]ami‘%g’ WRSFSHLE® Sp %l%ﬁﬁ%@?owxé?nefoﬁ a{fﬁcgn%gag streamto a

rp(rjo%gs% %ncfu&p }lovaf fate' OP Ig&sos'{'rgaqn digc%arged from or flowed to a process unit

in the semiconductor process.

The method of claim 32, wherein the gas sfream to a semiconductor process tool is

monitored.

The method of claim 32, wherein the gas siream flowed to an abalement unit is

monitored.

The method of claim 32, wherein the gas stream discharged by an abatement unit is

monitored,

The method of claim 30, wherein the thermopile sensor oufput is employed to

modulate a valve,
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34. The nmethod of +claim 32, wherein the gas streamflowed to an abat enent
unit is nonitored. 35. The nethod of claim32, wherein the gas stream

di scharged by an abatenent unit is 15 moni tored. 36. The method of cl ai m 30,
wher ei n t he Wh¥p4iipAst e sensor output is enployed to no@0IESWORI¥EY ve. 28 WO
2004/ 010462 PCT/ US2003/ 013937 37. The net hod of claim 30, wherein the
thernopil e detector output is enployed to nodulate a set point of a mass fl ow

controller.,38. .The d of .claim3 e nopi |.e t ect or out put
is enpl oyedg’ff él{ E’Tf%%t g(’]fallnb\/\ﬁ %eﬁamsglm%h ele de% i 0‘??1“&?1 a%%’fegﬁrent treat rrgnt
step of the pro?&ﬁﬁmB§? V%Q%fggkgﬁgwg£mghgjn130 mhereln the thernopile

det ect or out put termnate first process step and initiate a
second process step. 10 40. The nethod of claim 30, wherein the thernopile
detector output is enployed to nodulate recycle of a fluid streamin the
process. 29

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

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

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

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

10 40. The method of claim 30, wherein the thermopile detector output is employed fo

modulate recycle of a fluid siream in the process.
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