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a radi o frequency power SUpp'S‘Uﬂ?ﬁﬁﬂ(’%"@FfNﬁEWON section. 30 Fig. 4 is an

alternate configuration of a useful plasnma source and optical fiber
conpector. ol A%secpofinB pfestlll VS fsiRNCkeRot M ThEMber that
OO BB RSB BB S ot e

has passed through the reaction chamber during a process, wherein the gas diffuses into an

C

excitation chamber. In the excitation chamber, exciting the sampled gas, using at least one
external electrode, to emit radiation. And, detecting in real time from the emitted radiation a
plurality of wave bands of an emission spectrum. Energy used to excite the sampled gas may be
20  adjusted based on the detected wave bands. A process may be controlled in real time based on
the detected wave bands. Novel interfaces may be used to display portions of the detected wave
bands. A known flow of a reference gas may be included in the flow of sampled gases and an
unknown flow of an unknown flow gas determined. Other aspects of the present invention are

set forth in the figures, detailed description and claims.
25 BRIEF DESCRIPTION OF FIGURES

Fig. 1 is a schematic diagram of a system practicing aspects of the invention.
Fig. 2 depicts one configuration of a useful plasma source and detector.
Fig. 3 is a simplified schematic view of a radio frequency power supply and power transfer
section.
30 Fig. 4 is an alternate configuration of a useful plasma source and optical fiber connector.
Figs. 5-8 are interfaces between the user and a system utilizing aspects of the present
invention.

Fig. 9 depicts a 3-D map of gas changes through a full nitride etch cycle.



Fig. 9 depicts a 3-D map of gas changes through a full nitride etch cycle.
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20  of a reaction taking place in the reaction chamber; alternatively, the gas need not be
representative, but should have a reproducible relationship to some factor of interest.

The excitation chamber 1035 is connected by a cable 104 to a radio ﬁequenéy power source
103. The excitation chamber 105 may be capacitively or inductively coupled to the sampled gas.
Alternatively, a system could practice aspects of the present invention utilizing microwave or

25 cyciotron radiation, or utilizing internal electrodes such as arc electrodes to excite the sampled
gas to a plasma state in which it emits radiation. In figure 1, the sampled gas is drawn through or
past the excitation chamber 105 by communication 106 with a vacuum generator or pump 107.
The sampled gas may reach the excitation chamber 105 by direct flow through the chamber or by
diffusion into the chamber.

30 The sampled gas in the excitation chamber 105 is excited to emit radiation. The emitted
radiation comprises an emission spectrum of the sampled gas. The emitted radiation passes
through a window or fiber optic cable 108 to a plurality of detec;tors 109 which are responsive in
real time to wave bands of the emitted spectrum. Several modifications to a simple window, not

depicted in the figure, can improve the durability of the system. Control logic can be provided to
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bands may be increased by varying the integration time among the respective detectors.
25 A useful configuration of detectors and a diffraction grating includes spacing the detectors

in relation to the diffracted light so the detectors are responsive to band widths sufficiently

narrow that a plurality of detectors are responsive to a single peak in an emission spectrum. A
prepackaged device capgble of focusing detectors on wave bands of 1.23 nm FWHM bandwidth
is a Sony ILX511 device. In an alternative embodiment, a Sony device with a USB interface can
30  beused. Fither Sony device includes a 2,048 detector CCD array and a diffraction grating.
Individual elements are 12.5 mm x 200 mm. The well depth of an individual element at 600 nm
is 160,000 photons. The estimated sensitivity may be expressed as 86 photons/count, 2.9 x 107
joule/count, or 2.9 X 10°\7 watts/count for 1-second integration. Its effective range is 200-1000

nm and its integration time may be 3 ms with a 1 MHz A/D card or 4 ms with a 500 kHz A/D
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chanber nput er can contr ol _lprocess paraneters for
with controllers for the reaction chamber 101. The computer can control process parameters for

the reaction chamber directly, as depicted, through another computer or c_ontroller, or by
providing data to an operator who controls the proéess parameters. The computer also can store

25  data collected during operation of the process for later analysis. A further use of the computer,
understandable by reference to figure 1, is to control the energy used to c;gcite the sampled gas to
emit radiétion. Tn some instances, the energy used can be reduced to avoid or reduce saturation
of detectors responsive to particular wave bands. In other instances, the energy used can be
increased to increase the radiation emitted in particular wave bands.

30 Figure 2 depicts one configuration of a useful plasma source and detector. This plasma
source is inductively and capacitively coupled to the sampled gas in the excitation chamber.
With various kinds of shielding, the mode of coupling can be limited. Figure 2 is a cross-section
view. A vacuum “T” 220 comnects the reaction chamber (not shown) to an apparatus which

excites sampled gas and detects the emitted radiation. The vacuum "T" 220 is connected to the
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impedance of the gases before ignition or initiation of the plasma state is diffgrent than after

ignition. The igniter bands 224 can be used to capacitively ignite the plasma. The capacitors

25 223 are chargedtoa éufﬁcient voltage to break down the gas in the excitation chamber 230.
When ignition occurs, the impedance changes and power transfer occurs through the inductive
coils 225. A capacitor can be used to adjust the reactance of the circuit. Power can be shunted
through a resistor to ground. The combination of passive capacitive and resistive components
broadens the effective impedance range through which power-can effectively be coupled into the

30 sampled gas. When the sampled gas transitions to a plasma state, its volume changes as a
function of the R. F. power input. As the power increases, the gas breakdown and ion generation
increase; radiation is emitted. The applied R. F. power for exciting the sampled gas to emit

radiation is independent of any plasma source for the reaction chamber.
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corresponds to the numbering of elements in figure 2. A pressure differential causes gas to flow

from the inlet 436 to outlet 429. Gas diffuses through the connector 420 and inlet cap 435 into

25 excitation chamber 430. Isolation from ambient gas is maintained and various junctures by o~
rings 421, 428 and 417. The inlet cap 435 is compressed against the excitation chamber 430 and
the optical adapter cap 427 by bolts 434. An R. F. bulkhead adapter 422 receives an R. F. signal
and communicates the signal along connector wire 459 to a coil 425. In this figure, charging
capacitors for the igniter rings 424 are not depicted. A ground wire 461 connects to the coil or

30  inductor 425. The optical vacuum blank 449 is secured against a window 437. It includes an
optical fiber connector 438. A covering 432 surrounds this portion of the apparatus. The
configuration in figure 4 is adapted to a different gas flow than the configuration in figure 2. For

production purposes, the similar components may be used in the two configurations.
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display. In this interface embodiment, sampling of 1 to 25 integrated detections is depicted.
Smoothing is controlled by a slide bar 510. Many types of smoothing can be applied, such as
boxcar and moving average smoothing. This interface embodiment depicts smoothing factors in
25  the range of 0 to 5. Cursor controls 520 and 530 also are common among interfaces. Two
separate cursors are provided in this embodiment. Placement of the cursor is controlled by the
user when the cursor tool 526, 536 is active and the cursor lock 528, 538 is inactive. Controls
525 and 535 turn on either or both cursors or crosshairs displayed on the screen. Those
crosshairs are moved by selecting and dragging, or by incremental steppjng with control 540. As
30 auser drags the cursor to a location, numeric regdouts are displayed for wavelength 522, 532
along the x-axis 575 and a measure of intensity 524, 534 along the y-axis 570. The crosshairs
corresponding to cursor A appear as lines 521 and 523; the crosshairs for cursor B are lines 531
and 533. Control 540 steps the selected crosshairs left, right up or down in increments of one

pixel. Wavelength selection 542A-E also is common to several interfaces, but is not active for



may alternately be controlled by dragging a slide bar 502 or entering a
val ue 504. The integration tinme controls the accunul ati on and reset of
char ges iwoObhetsBnhdi vi dual detectors. In 15 this figure, aPET/H§0I4585
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x-axis 550 and y-axis 555 set the range covered b he respective axises
and t he combingtion o teads emissionsihequgh anp %wﬁeﬁqgaqac@}éﬁlgqnﬁyeg 557 control
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and numerical readouts of the “spectrum” interface, plus an intensity graph. ‘The numbering of

25  interface elements in figure 6 is repeated from figure 5, to the extent applicable. Differences
include fewer (still inactive) wavelength selection options 542A-C and a numerical smoothing
selection control 512, in addition to the slider smoothing selection control 510. The intensity
graph 691 appears in this embodiment as a bright line spectrum, wherein peaks of spectral
intensity are represented by light colors. In a full color display, a range of dark blue to white or

30 any other color range could be substituted for black to white. An alternative display could be in
a dark line format. The bright line format is preferred, because it is more commonly used for
emission spectrums, whereas the dark line format is used for absorption spectrums. An intensity
scale 690 is provided. This intensity scale may top out or saturate at a different value than the

top intensity value for the line graph. Controls for the x-axis 680 and the y-axis 685 correspond
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profile. Reporting and actions can either be based on raw data or follow rules in a rule database.
Figure 7 depicts a “strip chart” interface, which combines readout features of the

25 “spéctrum” interface in figure 5 with a strip chart and algebraic function readout. The
numbering for the spectrum display in the lower half of figure 7 corresponds to the numbering of
figure 5. A number of elements are added for the strip chart display in the upper half of figure 7.
A seconds control 788, including an indicator knob and a numeric entry window control the x-
axis (775) of the strip chart. The wavelength selector controls 542A-F are operative for the strip

30  chart. Complementary to these controls are a spectral line number 795, a color legend 796, and a
current intensity value for each of the spectral lines. Controls 542 select the wavelengths that
will be tracked on the strip chart recorder graph 720. The numeric intensity readout for each line
is the 797 column. Note that the intensity values of O correspond to a bandwidth of 0 for spectral

lines 5, 6. The intensity values of 76 correspond to background levels for spectral lines 1-3. The
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monitor can be identified and characteristic rises and falls in emission intensity can be gauged.
25  Straight forward review of this or a similar data presentation can enable an operator to set
parameters for an endpoint process control for this nitride etch cycle or another process.

Figure 10 depicts a process in whieh a reference gas is used to determine quantitatively the
amount of fluorine in an exhaust stream. The peaks analyzed were fluorine at 704 nm and argon
at 750 nm. The data in this figure are from tests run on a Lam XL etcher, using gas flow but no

30  plasma discharge in the reaction chamber. A gas flow including 500 sccm argon was initiated.
Varying quant1t1es of CF, gas, from 1 to 20 sccm, were introduced. By flow, the fluorine was
sometimes less than .002 percent of the total flow. With stable flows, peaks for fluorine and

argon were measured. A ratio of the measured intensities of the peaks F(704)/Ag(750) was

10
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corresponds to f(a) (T98r= 0/97249 +\hoetH3 Basddpivdseam) is 11 tines the

magni tude of spectral line 1 (542A). 10 Figure 8 depicts an "endpoint"
interface which includes the reagdggimdrgafwites of the top half of the
"strip chart" interface of figure 7. In this figure, line 881 corresponds
to the background |evel ectral lines 2- b 882 corresponds to
sfectral line 1. Line 88¥§éyé%slgﬁnds to spec?fggvggne 5. Line 884
corresponds to spectral | guare e 885 corre '% 35t 0 spectral line 'f(a)
(745). A button is added I%BOtt eanua? &' o 81 8g user to trigger
storage of a specified 15MgaRREREHPOP&or ds 8? 18R848r ds saved from t he
spectral history of a proobserveliansorpmets)as shoflin in figure 9. The

t g ee di nensi onal presentation of this data is franed 901. The | egend 902
assigns colors to different | Avalysisodf Vanianesity. Z-axis scale 903 is a
measure of emitted radiation intensity in each of the wave bands. X-axis
scal e 904 correspogdgrde0 ti DF. SumafiSquetes McanSSquarees foRafiot o 20

wavel engt hs of neagiygefl radi gti ong.odbaosdrded0wsO0A04r 482.8888 presents the

dg&ja- The data in Egyure 9 shows gopapbsss of oldodoerm sPrep>Epectrum from
695 to 718 nm wavelendfhs, for agiggbhopssride etch cyckgooThis 3D ‘

presentation assists an operator In understanding changes in reaction
byproducts produced during thegetch,, Key.. engths to nonitor can be
identified and characteristic PPEaéEeEfﬁ?élt@%\{%i n em ssion intensity can be
gauged. 25 Straight forward review of i s or stj m | ar A:ga guPr esent ation
casm enabl e T@iMoper at or t o EMat8ar amit &% or tRAdpoi fiBtBless cont rol
for this nilntercaptet ch cyclOe16248840t KO00Res 3229 4ure T00U%bi cts a process
in which aGas Eloen(secods iG0UERPS o (eARAEGA ne 23t i t at i+BPYT the amount of
fluorine in an exhaust stream The peaks analyzed were fluorine at 704 nm

and ar gon Trfe AHRsURdeAidasteas quimnifying an iibigioven fove ghs troughshereaciioon a Lam
Cisanbehamberg RN WeRERIETGY B0 D AKGEW BT ek b R iRy
AU 8534810 e SE sl it
st abl gnfahemer inpaades a hon-lihkarditinightlyedmore appropriate. Or, a look up table could be
indexed using the intensity measurements. The quantified flow of the unknown flow gas can, in
turn, be used for process control. For instance, a mass flow controller can be recalibrated. Or,
35 an endpoint can be detected based on a change in flow of the unknown flow gas.

Figure 12 depicts an interface for setting a recipe that may be used to control a process step
or series of process steps in a reaction chamber. Window 1201 indicates the type of process
control. Endpoint, for instance, refers to detecting the completion of a process step. Switch
1202 and indicator lights for manual or automatic reflect the mode of operation for the recipe. In

40  manual mode, the system signals a user, who responds to the signal. In automatic mode, the
system generates a data output that is directly used to control the process. Many tools require an

analog signal. Alternatively, a digital value, a SECS message or other protocol can be used to

signal a tool. Windows 1203 and 1204 relate to the first and second wavelengths 791, 792 and
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argon were neasured. Aratio of the neasured intensities of the peaks
F(704)/ Ag(750) was 10 WO 02/44687 PCT/US01/44585 calculated for each
gquantity vo® 0IZRé8yas. The rati os were graphed in figure 10PCTAUREA4585

regression was used to fit th tLo0s. .The f.ol.l ow '
Tt s bbby o Shopie R o SRR I
10 RSqUaLe: e RS st e Selbota SRR IR0 Mo WRANsHEaNARGLE 6cdled @015

Mean of "Response servations (or SumWts) 6 15 Anal ysis of
Var i ancepefinelos eheRFhdebrighitn Sy wéthesplatzam GorienmorE freela rown s outpubioghe et o7

0.000404 482 8533 20 E . .
0 000 4gkaiAnluBecie oo U oE S iR BG B8 RUFRREP B S BT s R Red o
Probe>1 t elg{égg%ﬁ% ieoliE2A8 6 1P RARRRDIAR B iscdIRRikd oPastifb oW ihdewe 1203

0. 00152 0069 21.97 <.0001 These fit results denpnstrate quantifying
an unknselwtsd differpasiatt dfitorfist wheelergth 79 bnAJoste preapd pr othes ordsy ge’f?ﬁ%ld’?é :'?ﬁ nts

of intensity of the k t . . <
referen ecf%d\‘/?%‘??‘“f’ﬁ%i ?PFC sc%g tl?g g%gé;éﬁl ?;nuel%?mjfﬁlrb? 'ig?!‘, r{é%[lfl?%tssw 0 t%‘e& tsthe
spect 1 alReakfesWRsd by 81 linelfor MBEdYRA wavsleaghero2a The ppératoe 463 fndicatdsgiow the

nore appropriate. O, a |look up table could b I nd . Ui ng. ' [
nmeasur efisshand seTord wyaeakenethsey OI'JFRBW %ﬁ‘)ﬂ@?{égﬁﬁﬂﬁg‘%‘l‘ﬁl Qan géﬁgg’gaﬁﬂ }nts aeﬁcé’%i(rag’s | Lg

used for proces 4 iRt ane : G ofiftid
r ecfﬂ [ b’?’&ﬁ’@ﬁl.agﬁﬁﬁ,og %t‘é‘i‘gl’%?ﬁgt%gﬁ' n'l:lécsgﬁl efagtg?g%f]élfgkﬁgss ed o%ﬁgk ?%ange eibﬁﬂfl? ow
of the grkA®@wavélbmth gasis doiinee viizh thefirstteavalengiht dn bnelbemetivesenbadigeny, the

Feeipe EN%OWZBI%O? ,el 2%2 %%gﬁtosefegp \tN[lgtLera diptrer%%gglsor ?itng Pnath were applied to the two
wavelengths. The window 1205 allows for naming of a recipe. The button 1206 is for
generation of output. The resulting output from combining the wavelengths in operators appears

15 in window the 1224. Alternatively, during a setup mode invoked by control 1235, the window
1224 can be used to set a limit value. Controls 1210-1213 relate to the storage of the recipe. A
recipe can be loaded using control 1210 or stored using conirol 1211. A plurality of recipes can
be linked using the link button 1212 and the recipe name window 1213. These so-called recipes
may correspond to process steps that combine into a tool recipe. The trigger indicator 1231

20  indicates whether a trigger has been set to initiate application of the displayed recipe. Trigger
sources 1232 may be analog signals, digital signals, SECS or other‘protocol messages, the result
of operating a prior recipe or any other trigger desired by the user. The controls 1233 indicate
whether a negative signal going positive or a positive signal going negative is expected as a
trigger. Alternatively, thresholds or limits could be used as triggers. Indicators 1234 are labeled

25  toindicate a rising of falling trigger and, during operation, whether any of the triggers have been
reached. This is useful to an operator or during startup of a system.

Figure 13 is an alternate embodiment of the spectrum depicted in figure 5. A current
recipe window 1305 and a log button 1307 are added. The current recipe window indicates the
name of the current recipe that is running behind the recipe tab. The log button records

30  spectrographic data at an interval set by the radio button in the top right hand corner of the
figure. The log button is supplemented by a snap shot button, which enables a user to collect
additional data between intervals for recording a log. Additional controls 1306 are provided,
which relate to the power applied to generate plasma. In this figure, the power is off. The

control depicted covers a power range of 0 to 50 watts. This range may represent a software lock
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or series of process steps in a reaction chanmber. Wndow 1201 indi cates the
type of process control. Endpoint, for instance, refers to detecting the
conpl eti om0 0f/4@8Ppr ocess step. Switch 1202 and i ndi cator | PghUSotf4asssnmanual

or automatic reflect e node of . operation fqr reci:ne. ual
mode. onRe psrunieyALte panGemPPL Rl vagh e G AUREUBE ol Rpiaf ENE
node, FRR a@ﬂ%@g&@%ﬁﬁﬁ%ﬁpgqg svakelt that is directly used to control
t he process. ny tools require an anal og}hngnal .. Alternati vel‘%/g a@ﬁl gi tal
val ue, a Bifse i dspigls aplaydhask of prcerdsd sltag Ahepafopmatipn and copiply PreEPsELy

W ndows, 1203. and 1204 relate t e.fi . I Hatehd 792
R R R e S s i

i nﬁt e dhfor 88 @bt daPAtitrlayedake WaiatedrigDhs1400. Mandertiaalgesle cahbe setdeul ts of
other fornula rfows can selected. In addit'ogée %ﬁﬁe ¥Ynole Sﬁﬁclnu can be

sel ectlindar, lagarithpaic.carany athep eonpgalienab ppeiceize Seogids sefgct OBHE™dr nore

formul.a,.rqws for 4t t Eala Rl Beisigdicdtt®M Iharieer are
sel ect“éc&c gf?‘Fﬁpﬁ%ﬁ?%)dﬁglhgﬁIE%‘)lerﬁ%ﬁe(r)hg&%gfrﬁl@%ieﬂlger%aorrrllgd 5 on either data

t hat igptied provided t@stott fafteratitof shesdatd st it aspriatshecs 1403.1 ect ed over time.
W ndow 1203 selects a differential the first velength . Afirst,
second or Fti%‘ﬁér”é?ﬁé?““&i‘%‘?%‘i“é Wptﬁﬁebtgpci%qtgg?riaeu ngHbggl?srlol 1222. A
| 39 C%%@%Hﬁ%%tﬁﬁéggf&ém E'Qatfd? 56 Plo hdd3forvirdde WadidRad sebegt thetda. Biglitue

represente Ine for the second wavel ength 792. The operator 793
i ndi cabegoldar gdnerating peiphdings date erecprawided. dngieadolsix. QABLAETHEIVEL her fornul a

rows are conbined, for . .ipstanc by 10 t 4 o Welc™ : tors.
The. s camadgnea 5y Pross R POt b e OF RS L Chbt RopBlince R REA0E
wavel e[{bg‘;ﬁlet‘)aﬁ;e}jﬁcg@mg{eaq@og\;iig fnpideed.i rst wavel ength. In an alternative
enbodi ment;, the  w ndows 1203, 1204 m gh‘i%)sel eﬁ,t V\,he{.MhEr. differential or
line nath igne léppamwvmmﬁﬁftwa%%# MHS isteREO 06 PSS P Rs f or
nam n?qa[%gc %F[r%%oafeban-ﬁa?dt tfl%ﬁn@e?;%gr e ]](?902 SBOREAIhRerQf saftititBd bixelTWHL

resul from conmbi ni ng wavel engths in operators atpp_ears 15 in
wi ndovpavhe Hkdidor Ak eslnat Thelsttical uxisrd tize Seld dp0 hindisates ke gbyt Risevebles

1235, the wi ndow 1224 can pe.useq to set .a. lijmt val,ue. . -1213
rel at ebaieg tiiﬁ'éla@%%rﬂﬁeh%lfzo?tﬁga’ﬁ‘%@?‘gﬁ thexfimp that s boing | 1%a¥ega§§§§ légésﬁlé‘g”g%%t rol
1210 op SLBL&AHRI00, 6R1LE thodehfeoutd Rlstaakill Vo of tioetipes can  be | nked
usi ng el

utton 1217 and the reci pe name wi ndow 1213. These si-cal | ed
reci pes nBigusolT s apoomtor of putpeidsem Serpdastsebep wEhibhavecipa D as {Ibfggur? £i pe.

The trigger. indicator 1231 20 .i ndi cat r trigger has been set to
i n?& i altdS 3 “gaa‘fquﬁff‘r’?ﬂ’tztf’#]@e ﬁflgﬁﬁ%‘&eﬁ%]\gg S@Q‘%ﬁﬁgger sources 1232 may be
anal 0g si gpghs 18HsGirbaltintd @Bk foSEEDcess appivaching af endpointe Sxnage sijore Hees

result of Operating a prior recipe or any _ other trigger. desired 1 he
user . Jambadisplayddsn tizafeld 480 b athich 4 st usingfhe éfthRFéglgi I&h%PfoéEﬁS%&P%S’?Ft ive

or a pglsgigte}svtgwg}dgl%{t VIR SRR AN ed £ (BXARE. ©FheédfnR values can be indicated by

horizontal lines set against the arbitrary vertical axis.

25 Aspects of the present invention include monitoring, analyzing and controlling a variety of
processes. In reaction chambers, including chambers used for deposition, material diffuses into,
builds up on or adsorbs to the reaction chamber walls that must be periodically cleaned or
removed. During the use and cleaning cycle, the condition of the chamber walls can be analyzed
and characterized as frequently as desired. The exhaust gas from the camber reflects the

30  condition of the walls. When no reaction is taking place, chamber walls may off-gas or desorb
materials that have diffused into, built up on or adsorbed to the chamber walls. The present
invention includes analyzing exhaust gas while no process is taking place to characterize the
condition of the chamber walls. For a plasma chamber, exposure of the chamber walls to active

plasma leads to an equilibrium of materials added to and removed or released from the chamber
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trigger. Alternatively, thresholds or limts could be used as triggers.
I ndi cators 1234 are labeled 25 to indicate a rising or falling trigger and,
during opeoariwB] whet her any of the tri ggers have been PG’B{UEM45§Bhi S is

useful to an operator or during startu m Fi ur ¢
al t er male. @hmqmﬂnbnunmax ehangp B¥S LIRS, &@5 a@ﬁ ?‘b‘iﬁ‘?é’ étgﬁlbg %‘?{% ©

reci p%@%@@ﬁb@éﬁﬁ% 0ea 109 3#] l}’}mﬁt ﬁ'if@tltﬁﬁll%&udé@%a@dmgeﬂhaUSEgaspe

Wi ndo ane o) rent recipe that is runn| ng]Pbehl d the
reci peytiRHlashiads hagzehnmmaaﬁmmdmbaaospawmm@pwpndlaam a f the chambd Al o

set by the radio button in th ht hand Cﬁrﬁll)\?é] hﬂ)&&{eﬁtto'rhe

| og blmd@mhasacﬁﬂj}iﬁlﬂ&ﬁ%@é“ﬁ Eﬁp 58 BREVS ena S'a user to

col | ect fah thett &Y. &dssrramec@fe@lwagemaohgmbmmt|ona|
coﬁtr&ngthf%g lhaér%grﬁ%c‘;’r oVl gnpﬂb%mh%?%h fel aefye to the power, g&g] ied:t gener ate

pl asMesondifiohini Shaft inas eed drhthe Fostariece of eqipmene Theghesep| opiidSvers a

power range of O to 50 watts a5 it wayg | ock 12
WO OZIWsmgP@T?@SBaP/tQ %@Cteﬁhet?‘ﬁiu méc%ar%lgegl ag;?faﬁ [})(owesr E%suppl y that

'S Us%fa riifhd PRI Q MY s ohd BEdniiRR coﬁdiﬁonsasplmamethaahafractemucs héthe Fast| abI e
power Tromthe supply is ever used. Figure 14 delg Icts . a pla

recor deembet. dDurfipethiseplication sHorneReAsPRct 8 the preseyidpugayiopys 5 eﬁ‘ﬂ%%“ cted in
ure 5. I n addit..on, startln ddigordasd a cemtitienthatl
& engondiawiag 4,5qndiHoRingprocsy tto gttﬁec%? g%&rgﬁgﬁﬁe%o | ayed d are indi cata ed 1401,
1402 EEENVES thi CRArasteAtiRs @ametmsmamber IThmndltiougamr@W w2y be teapynatidher

conventional use scale. Records selection controls e
provi deithet Uy an offévator oFf arloseshioep PEﬁcefiSé@Bﬁrg]s tﬁ‘ﬁéecga?a se er|c§ﬁl(? ﬁg‘it‘sgﬁ?%{j

1412, Jhe OBLL,0N5BOK Rl LOoSOhRARRI pRbccdl Lordliidrbeo datgensatt fom

spread gure an alternate enbodi nent qtn& ‘?}Biig chart
interf éﬁﬁrenf:émee?l thd bhsradierisivh offihedinst chamberandthg$aco er g M- move

forward or backward thr h the ta, .Ei raph
| s anpraness i aereasEd NSO B tiotip priBRA e heluaeBepRking Brart

provid t fBrit aﬁnﬂjegbéndj]ﬂimh ﬂhbrah&act&'mwdlogpl ay for
how thgno\(/1 agl%ﬁ%t agﬁﬁbcﬁ?%r%%gtﬂ%% gﬂs |_mproved, q "

pi xel / stord shanyddr an sepoag pracksst inglensicanay be FRbred 9H‘L‘?S€flﬁ‘és? B 8?.%’???3 8t

pi xels in rtj cul ar narrow bandw dths. The intensity scale 1602

i ndi caPé’:?eW%‘i"ﬁgfa‘a’n§aturat ed pixel will have a bright or dark value. The
vertical ayesorfiiod Bembiefiki0irdr8 @ hhmblérced] beantvemeritged @ﬁfmgﬁp@étlrogianﬁu@s bei ng

di spl ayed. The horizontal axis marks the ti that .is
t hi2zs ditssphiayes efifbe present ineeatipn. AP léﬁr?ﬁr}rgpr%qefsmvhhg%igﬂgy& COLﬁ d jUSt as

Wth ¢ Rt NIk @~ Uicen tintéifaos) foimstdnas, et u
with tﬁlése}ngg,l%énatng Niherfda sé a?h%rért% §s1?r'fa{59 Al QrweRér /QUicH 0% D

plurality of layers of water molecules are attracted to the interface. The layers closest to the

interface are most strongly bound to the surface, as by van der Wal forces. The layers /
progressively further away from the interface are more loosely bound and behave more as a
25  liquid layer. In processing, one technique for removing adsorbed layers is to pump down a piece
of equipment, to apply a vacuum. Removal of adsorbed layers is sometimes inferred by closely
monitoring pump down rates and chamber pressures. Certain pump down curves are
characteristic of adsorbed layer removal. Utilizing aspects of the present invention, deSorp’Fion
can be directly monitored and rates estimated, if necessary, by ratioing one or more spectra of
30  desorbed material to a reference material. |
Diffusion or outgaséing of material from a chamber wall can be monitored using
spectrographic techniques of the present invention. Diffusion carries some materials, such as
H2, into the chamber walls even thousands of layers deep. These materials may be removed by

applying a vacuum, in some instances, and by flowing material through the chamber without
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20 It is a fornmula counterpart to the strip charts of figures 7 and 15.
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anal yzi pgleixdedisdnsgRe ih svalldetupositios. Thistfipere trivks skeening of hagrdstion clamelier i ons

replicate the characteristics of_the fir chanber.. _Durij.n hi s .
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condi ti ¢heisamepinds esEzemeyndratratomineeasss, as iafichted by yhepealssentared at ahous 747 osed

| oop process control. wh t he second_charher |1 e desired
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second chanber conditions. 15 As a process is griﬁ)ci?ga%é%ttﬁgttLro ongepfl%l%nto

anot her degstar is brlieved éabhamasymptpliqRIecess. phoSBR ¢ carbon
process is reasonably complete at 11:59, 12:53 or 14:01. In this graph, the depletion of

hydrogen, nitrogen and fluorine from the camber when exposed to oxygen plasma reaches a

25  reasonable asymptotic value earlier than the depletion of carbon. Monitoring depletion of
materials from a chamber during cleaning enables timing, control and validation of the cleaning
process. Monitoring and characterization are not limited to a one step cleaning process. A
plurality of cleaning and/or conditioning steps can be monitored in real time and produce a
characterization of the chamber condition. One typical multi-step process involves use of a

30 fluorine plasma to remove fluorinated residues, followed by an oxygen plasma, followed by a
hydrogen plasma wall conditioning. The present invention includes multi-channel and full
spectrum monitoring of a multi-step chamber cleaning and/or conditioning process. The
monitoring may look for transitions in wall chemistry or a predetermined chamber condition,

based on a profile of a prior chamber condition. The profile can include selected peaks, selected
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nodi fications that are appropriate to differing chanber conditions. The
characteristics of a second chanber and second process instance may be
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chanber comliticned\te devdionis desiteblobuild yp of magasisls omerda theeastion chamher Balls: enoved

b i ng . i nst , ' i gl h
the chombsdtaraiSfidie (eeS Ptss B e Bt e Snbah ouon
ot her i psidisehat Ehepédiiirodtatiice predidigas spetatiry eatieals. Fay instunes, fh0Mmit he

surface of the chanber, in addition to the interior of the V\@HE. or
i nst anc sométimes esed themditing ashagibst, ZpyltEg 10RO H o1 P 182 R o n

chanber ggﬁy DAl dafi 26k BABEGHcSatRhs | di6irB 67fBuct Ie¥Rh aBocitiaABmbAY Can

be dire s estimated, 1Tf necessary, by ratioing one 5
or nor ewgeohdiond caboassatdedyahayzal andmsed S iprecesy cantnobf Condiideningeeihe al .

One techni que for, nodifyi the conditi of, a anber .incku sing a
pl asma. rwa@mﬁ%am%ﬁﬁ%ﬁwﬁfgmtaam%‘?% %S?Hegﬁﬁy%) u%)%?/‘begsnggineelﬂused to
cl ean Ofp e blyOBordiorKIANARE rolfidiPohaniBenbinrish Alled 1obrdcesd unidies st hr ough

t he chamber wth process materials often follows plasma _cleaning. The
dumy webmtitiomny resictibereablaes arsteady state. dknalysis ofexbenst geandie usethipyBPLR | s

results tqQq fromrunnjng t du f and process nmaterials. These
charfBer 23Q&YFe %W&%Prg’ﬁi%ﬂﬁgiﬁ%%%még%\é%@% associated with characteristic
eni ssi on | i nepfafion bf prckdIes frédoae BypewT@xoddes equipment to another may benefit from

characterization of the established process. After characterizing the established process, a user

can replicate the recorded process conditions as nearly as possible, before running production
wafers. Manufacturer-neutral process baselines can be established, based on characterization of
25  successful processes run on a variety of process equipment.

Reaction chambers sometimes produce environmentally sensitive byproducts. One
environmentally sensitive byproduct that can be monitored, applying aspects of the present
invention, is chlorinated fluorocarbons. These chlorinated fluorocarbons may include
hydrochlorinated fluorocarbons. Either the exhaust of a wafer handling reaction chamber or a

30  scrubber reaction chamber can be monitored for the presence of the environmentally sensitive
byproducts. A process can be controlled to modify process conditions or to suspend processing
when the level of environmentally sensitive chemicals exceeds an allowable threshold.

A generation of point of use exhaust gas processors has evolved to meet environmental

concerns without compromising the flexible operation of tools. Capabilities of this type of
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oxygen, nitrogen, hydrogen, and other chemicals. Mnitoring the intensity
and changes in the intensity of peaks associated with plasms of these
process geqey4mBd byproducts allows an operator to see chaEnNgs&l/44885t he

chanmber wal |l cheni st and .ect_transitiaops, i L tioning.
Fi gure i%l%ﬁ}t&?‘g‘]l%ﬁh¥%*{fQF%Q?I?’SHGIBPOQHP 5’2‘€€to¢quﬁ§ﬁnbgggﬁ%%§?ﬁhgq%{ cl eani ng
Pr 0CeS S yreatinBiHEIR oRidafi @R SThdse Bydtémyvat kaikeeprshé pracesstiius dni specific tacdcks

cl eaning of a reaction chanmber wth oxygen plasma for 14 njnutes, 51

secondsandithe apipusigassasehat resudto In serae isiebens. Abapteaent tepldydrdicatid Bégi ns to
drop steepl as i ndi cated b : C ; Ao ghout

t he sanﬁmﬁfﬁﬁa{ pr89<e§§ag°r?q’cg§‘g'él? nr%’tbﬁgﬁ%?ﬁ%er asgléﬁgggéullﬁg)&ggtee ts)gggts%e cp))eak
cent er efoak Rl syéei. 20heresehibmvestitn ineludesmotitatigrand selidamgloshausbgasxi de
production and i ncreased oxygen concentration indicates a depletion of

car bon fiosyabateaenhionifer by the oxygen plasma. The depletion is believed to
be an asynmp{gfi i Al { gk sl esthiakullipatBLhatindep! et i on
process is %%%aglﬁggggﬁg%%%%eﬁg%&%:59,S 12:5§ or 14:01. In thlgs graph, the
depl et i esncehtrationd bbgesmicals of cgerrmandxhdugbsticamsf Fonvalidationspaplinganhcdapssed

to oxygen plasma reaches 25 reasonabl e as i al ye per ..t he
depl of | SFEABt oL BB OF F G- HaPTHEET G Eoy an e s o Sietc Bheshiiaris
duri;ng ?Al@g‘mdfbg %%ﬁ@x*a{iﬁ% plabith B84 a §HEIrLA! ofaReipMahh dAkiifsmeticillagalgbes zan by
process. nitoring and characterization are not limted to a one step

cl eani ngpyliedde tw. spéctrysh of aih pxhausifsiretrn sn ey enparerrationti IDingHICHET aPRIaliens, pe

nonitored in rea i an roduce ri | : er

condi t i #itaP usfbﬂ}[%é?d ?T{ﬁq?l]%{l%et%lﬁ "Brﬁ%"c‘gg s pl%ﬁ%;% "J\‘/’ég}‘%rg{él“ Sggc%mg%&?%%ri ne

pl asma LgidopiEaNG] bhdlgdcs N 6fler fplidatims, jeakd ofladwypracess gyge varpheassed for
followed by a hydrogen plasma wall conditi oni ngj’q Tg’? pr esent ipvelnti n

i ncl udegealinatipingh Ratretandiecrollgeipd usipg equvigRtioRSh Meiads ag estunaieh the talglggs ow.
chanber eani I &g 0Nl ng: pr : : ' [ Sielaef Or
Fr s 1 HS D fea R RE s RE, aRRL R e P TR O o s Ve e
on a pr of idags BEwaoPEhatstghachatitienind Usefohaspetie of thefriressntiamentivolingdeds el ect ed
peaks, selected 15 WO 02/44 E"; PCT/ USQ1/ 4458 gands or.a f laéenﬁaﬂ? Lfum I n
a pr edetcéltcﬁliaﬁ%%la?da?‘?ﬁ%r.d“)ﬁﬁp SCOPETHBE O & past Hows, frem aba pea@s, '
spectr alCa‘ijdufla{tgf %%&%rz@fog@%y AW OEALOORBN UL EigeBr NSRS alRftirfpMhES Frbcess control

di f f erences. asma etch reactors experience a build up of polyners and
ot her etsoftwbieprr osiers tsghesl ithshopepasion off certain gquipwenty Cal¢udaipd Holame 08 FFFEHOWA

| techni f h i ' ' .
Contd: i 5o s aamottRin ) SRR ARE e Fvfe BT BE Ry b€ hiSS ptiBltft et RS
moni t or i fagidufie abdi@EhttBel draedbedt ciimbesi diedistaridat datpicac bs ssedas demanstiatecto

byproducts, it is practical to determ ne when the ch er i.s clean.enough.
Endi ng tdfﬁci@llsélmﬁipr@r@s@ggggemm@k qvgitime in reducing exhausts from particular reaction

chambers, associated with the abatement tools. The historical data validates compliance with

permits and commitments to progressively reduce certain exhausts over the life of a fab. Italso
25  allows a facility to back track from detection of an event at the centralized, house exhaust
location to particular abatement tool(s) and reaction chamber(s) to determine when and where
the intended process went wrong. This kind of failure analysis may utilize a system of
spectrographic detectors at the exhausts of a plurality of reaction chambers and a plurality of
abatement tools associated with the reaction chambers. A éystem of spectrographic systems with
30  plasma sources can be used to feed data, in real time, to a server that monitors and/or records the
data. A user with access to the same server can monitor processes and compliance with
environmental regulations and commitments.
Reaction chambers that operate at pressures significantly below atmospheric pressure can

be monitored for contamination with ambient or atmospheric gases. Such processes are
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chanber is clean can reduce maintenance tinme or consunption of cleaning
materials. It also can reproduce a desired chanber condition. 10 A
reacti on woarmpes’ t hat has been cl eaned typically needs toPORUReIRERISCessed

and conditioned to devel a_desjrabl.e. bui | an{Bah eTh@bSePmagr in the
r eact | waceptiblere coptgpmation %ﬁ%gﬁgﬁh&g‘%ﬁ%l %? P’%”“@%l érﬁest o%’eghﬁg oces §9oper ation

to as'tc%%'ta?niggt@gglg‘:e?éh Qins2hitdr@esH cHehidtriks) orlegratendiibioprocbsses it yast.ed to
produce predi ct e operating patterns. For instance, HZ2N2 is se%%q?lnes
used tSpeeaaidhdakoeandeahanitreed for dsapresange PHRIEPETL SFYFFIGY O §P5RRPREG™ t he
chanber 15 walls. Uilizing dgta_fr i : | QRoll6@sd thedddicnbadact

| evel satﬁlﬁ’ép@&?éicmﬁooé%g?ﬁg%rﬁrov(\;/g%sfs&ggélﬁg |@§%ﬂ’2&¥:§{r§ be noni tored, anal yzed

ang US%f!aaI{Qﬁs F@CHEGsGRBbF @brocEendijidma imgediatelher attiawtd ofit AAYBERP-can be
al I'owed to proceed until the_ desired byprgduct %%velli a,rcelsrtraq% hanees. For

Al t er nat i vBhyendpointiof a savhisgndictarEoGessRRY BhsigRalrhRY CRemehly PREE t'o
proceed until .the .conditiQnj | B®e rénstiadio ShadrahatAnadtysi s
of eth\ﬁ?P"%é@eﬁﬁﬁ’h%pﬁ%%&@%’%n‘%glﬁa%&%rqgtgﬁgﬁ! Ze or controlgihe :

condi t glﬁﬁ,'bgfgi @fbe2erbasabtie.undsdrdatihing pbdyes difbsens bypodne dhapyhedssited ocess
equi pnent to anot her may beneft fro char act.er.j ' I shed
pr ocesstchitigt Speer peaks €81 56 H@nftﬂ@dé‘g’iné\eﬁﬁagﬁéﬁ dgﬁ'&oe?g’&?&g 8{5 3%& ﬁlcgl%%g@s:h
replicate th dhib1RASs0aBat RAIgYst@AS Winsskinbes! of eflayee
runhi ng™ ?88@8{’9%§§&°%m2‘?r§§§?‘%3‘w§ﬁ3’?§ct ur er-rcl)eutral [ﬁg&% bgsel i nes can be
est abl ishgfcicitBsainpiete ahdbefoteedi deilpingdeyer & GXGeres #Bcesses run on a
vari ety of process equi.pnent..Reactio ' FRRUEE F
envi ronnent[glfql‘?af% gadlyrqspﬁ@ns F&fﬁ%ﬁt??%&&g%%gé%%%%%ag}%ﬁyﬁsensi tive
bypr odygd. f-pahe vOElafpid S LRlafedittly iongeas plecdtsd béliunh tevplse Segpesses can
invention, 15 chlorinatéd T|uorocarbons.. Th&\%e chl ori nat eg fr(tHjl%r (ﬂfﬁwons
may- i ndewdatroliidodiciitioy ¢larapiag of laferda Aeiystsd DEFOFHL IS 4AMREse AR EY POY "8 waf er-
handl i ng re%féi on chaggﬁtroﬁyr a 30 scrubber reaction chanber can be
mord t or R IR INSIIEEN B of the environmental Iy sensitive bypr oducts. A
process cargdgrahgR éeﬂtﬁﬂg@dhérﬁicﬂlﬂfbﬂémeqoimmemiou@h@mbﬂcﬂhgngﬁ‘ durBgA Rrpests BY

processing when the level of environnentally, sensi.ti,ve ] eds
an al | overbtosinglexbaisbeas. eSHopdes 4ps dhemysal §aRGF tr%tfonésntéltheex hgﬁlgtg? Igg%ﬁ%ﬁ%gissor s

has evol ved MdfoTatsscIo) RCRAfetuls cbaws]liag e modwiting of hlesma
f1 exi bl@\édlﬁ%‘ig)t%(ﬁ%yo@gg%%?s. Cg%%bsiui&ipties s Type bf 16 WD 02/ 44687

PCT/ USGi}/idd8&1onatiaimperent i ncl ude t hermal oxi dation, chem sorption, wet
treatnment and integrated wet . .treaf nment r 20X | TR Wehens

ar e20t ai | or By @@1&1%0’%f§%‘8§%9 Ct?htrqa%%prs%{é%lg§ 0 %gfflssﬁ@géri] t'he e-iaﬁg%st_ gasses
that regiltembdl HAREpleiiil AiVeRSon &b RhpbEEENsatnplihg gases etiorrearaimtospheric

pressure. For instance, smokestack and tailpipe gases can be monitored. Compliance with

emission control requirements can be monitored continuously. Industrial processes can be

modified or suspended when emissions exceed allowable levels. Automobiles can be approved

25 or disapproved for smog control, based on observed levels of emissions. The fuel/air mixture to

an engine can be modified during operation, based on observed emission byproducts.

While the present invention is disclosed by reference to the embodiments and examples
detailed above, it is understood that these examples are intended in an illustrative rather thanina
limiting sense. It is contemplated that modifications and combinations will readily occur to

30  those skilled in the art, which modifications and combinations will be within the spirit of the
invention and the scope-of the following claims. Each method practicing the present invention
may readily be recast as a device or article of manufacture.

We claim as follows:
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particul ar process tool. Common to point of use systens is circulation of
exhaust gasses to the 5 house exhaust system The present invention

i ncl udes won44w871 ng and val i dati ng exhaust gas from abat PABRUS42645S.

Val i dation of exhaust from abatenent ﬁ%ﬁwgnvol ves measuring and recording
concentrations of chem cals of concern’i'n éxhaust streans. For validation,
sanpling an exhaust stream of an abatenent tool or a reaction chanber,
preferably at bel ow atnospheric pressure, is 10 fol ko d b(é_grgrener_ati ng

pl asmda . andA aetipelodfobtaiming tite reg 2 PPRSESBAEERGHOR (Cha| ATy CERPTENE he :
applied to the spectrumof an e { ngRflhanhbans. In
parti cul arsa@@&“g&%ﬁ‘i’%ﬁg%ar‘?af&%é}ggfaﬁhgg#E?saégggégc}gﬁ’ggr{g%‘eg?ence gas of know
praperti esdurfng aJR0Qka Whesdig tid @k diffaks inftoan exutatinoolptiesial  anal yses. I n

ot her applications, peaks of known pr oces%@a ﬁe%%%a#gbe .tu§8%i&?rangeak
ratioi ng. deitmedhnsasepledgasentipgiatleishgnc DAt At  CRYHEPRIT %8St i mat es

t he tot al s .flow. . f five bankefbf amisiondat a
conbi ned ?‘E“B&é“ﬁ%t\}vaaa"éﬂyﬂﬁgé S v%ﬁﬁ%ﬁglr&%gﬁ fl ows of exhaust gas
consti tuengp'écmuﬁ,ef ul aspects of the present invention include calculating
and recording profiles, concentrations or exhaust mass fl ows from abatenent
tools. Calculated concentrations or flows can be used to trigger alarns,
alerting ei T ale 0 a9 frone Bisledso ondedleustiyes sip@nat i on
of %er?‘ai nfégﬁﬁe%%él%ﬁﬁ%gﬁ&ﬁ g@igcfhég%%y&%dgr mass flows 20 can be saved (or
data for calculating the flows can be saved) as a history of exhaust from a
particul ar abatenent tool or reactor chanber. The historical data can_ be
used tg denpagiciaidorithimaf fiheical the ehmmap elsgiredssconples FBptivrRhye B &Piede in
reduci ng exhausts from particular reaction chanbers, associated with the
abateng#t tools. The historical data validates conpliance with permts and
commtnents to progressively reduce certain exhausts over the life of a
fab. It also 25 allows a facility to back track fromdetection of an event
at the centralized, ; leRRirb@ dubles eaparitivebyab ehestmladl (s)
andSredcti (tjrhegf'?glﬁ)f)aeor ga)ﬁteld%g%ﬁ%er?g&&%g&gnd V\/ne?e %ﬂ;\e in?gnded process
went wWegdlg. This kind of failure analysis may utilize a system of
'spectrographi c detectors at the exhausts of a plurality of reaction
chanbers and a plurality of abatenent tools associated with the reaction
chanbers. A system of spectrographi ¢ systens with 30 p] n be
used t &.f edthednathod ofrelaiznl, Whedn exgting g%qs\?g’? TOHae eﬁoﬁﬁgﬁg&gﬁg%gﬁgﬁr ds
the data. a@iustgl[ with access to the sane server can nonitor processes and
conpl i HCEMERCE envi r onment al regul ati ons and conm tnments. Reaction
chapgbers that operate at pressures significantly bel ow atnospheric pressure
can be nonitored for contam nation w th anbi ent or atnospheric gase?. Such
Processes arR mdthod of claim 2, wherein the external electrode couples inductively to the'samp ed

gas.

7 The method of claim 2, wherein the external electrode couples capacitively to the sampled

25  gas.

8. The method of claim 2, wherein the exciting does not require exposing the sampled gas to

an internal igniter.

30 9. The method of claim 1, wherein detecting utilizes detectors responsive to band widths

sufficiently narrow that a plurality of detectors are responsive to a single peak in the emission

spectrum.
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WO 02/ 44687 PCT/ USOL/ 44585 susceptible to contam nation from gases that

| eak into a vacuum chanber. The gases may contam nate sputtered fil ns,
alter et hoohewBstri es, or degrade various processes i n OPOBRUSWAMSSS
Spectral peaks ca nonj tored f.or the pr ne 5L or

ot her ngeg%BP? (%%knig? HW%Q%E“S%‘%3%§%$?%§%$g§§éé§9 rg@gggégﬁgan be
moni t orehcRndy aeRbivahdtadlsalityeildetelorsirt edkpofisite ® d dake pudpipniisenissiorssi ng
or a process Sequence inmediately or at the end of a process step. The
endpoi speatfuna sem conduct or process nay be signaled by chemi cal state
changes. For instance, when etching proceeds through a |ayer intended to
be renoved into a layer that is not supposed to be renoved, the undesired

et ching produces, djffere r.oducts than t esi . i : ctral
peaRs gén g@‘eﬁ’bers'i]i“ido‘?ffé;ja"fng%’ V@é@?’éggt&tmr qulgg? &%ﬁq‘%y 5‘%%%3%1?%1%?@%8 Wﬁ@?gas es in
10 undeg i St HRFBHURIS: pIA6eSERE RN Gesponiivold £engle pbilain the ehissignst ops
when renoval Of a layer " is sufficiently conplete and before an underlying
|-ayer ispedmomssi vel y damaged. Hardware failures in an etching reaction

chanber produce detectabl e byproducts. For instance, ineffective clanping
of a wafer tends to create elevated helium |l evels. Processes can be

control |l ed _so that.t .Cl in f a.wafer is.adjius it :hSdamaged
and t nelZpr oestethasot i e orieaE et PePRbiBRatRE R il walis O
chefi cal,rRaLARGRS oW ha 4 SlalitPer Eiarde ireGbapdasivelty 4 siggie pealoieks emByion

nmoni toring exhaust gas, ‘estimates of the chem cal concentrations in the
chanberspetyunbe nmade and used to nodify process paraneters, such as
paranmeters controlling the production of plasma in the reaction chamnber.
20 By addition of a flow restrictor to the previously described

embodi ment sggf{g?etp&gg%@gggi,a\yﬁeggm@ggp&gﬁs@aﬁﬂ& REERE Abtel BRI RS AiHBe

appl i ed spheri c pressur i nst ance,
snokest agke@pRidtRhliPPOes08SREs.can be nonitored. Conpliance with em ssion
control .requirenents can be nonitored continuously. Industrial processes
canlsbe nodified or suspended when em ssions exceed all owabl e | evel s.

Aut onobi | es can be approved 25 or di sapproved for. snog control, based on
obser vett.| eltel methdd efielsivn drwherdinghd daseoters arahetlow duncgion 4gvieefyi ne can be
nodi fied during operation, based on observed em ssion byproducts. Wile the
present invention is disclosed by reference to the enbodi nents and exanpl es
detail ed above, it is understood tha hese exanples aredltended in an

i |1 ustrhti vEsmsthed 0?1‘118 i %her?lpﬁliletqtlaﬁgoxgéwgcglpnﬁgwgs %Sgtdg%pl ated that

nodi fications and conbinations will readily occur to 30 those skilled in
the art, which nodifications and conbinations will be within the spirit of

L | DK A1n8A4 bR IPEn QL il LIRS ion S et hod

2Q .
pr vaZ | e present I nvention

17. The method of claim 1, wherein detecting utilizes an array of 512 or more detectors.

18. The method of claim 1, wherein detecting utilizes an array of 1024 or more detectors.

25
19. The method of claim 1, wherein detecting utilizes an array of 2048 or more detectors.
20. A method of obtaining data regarding a process in a reaction chamber, comprising:
sampling gas outside a reaction chamber that has passed through the reaction chamber
30 during a process;

exciting the sampled gas by inductive or capacitive coupling to emit radiation; and

20



may readily be recast as a device or article of manufacture. W claimas
follows: 18 WD 02/ 44687 PCT/ USO1/ 44585 CLAIMS 1. A nethod of obtaining
data regavaongie87 process in a reaction chanber, conprisi ngCT/UsmlmalS:isng gas

tsid t hamb that h d thro 5
gﬂr?hg?aap;eac %ég%%@ %%Pﬁb ﬁggﬁgggﬁ?ggnﬁﬁlgggﬂTEE%W (%ﬁgc g erqlr

exciting tk%e%ﬂg_l ed gas, using at |east one external el ectrode to emt
radi ati on; and etecting inreal time fromthe emtted radiation a
plurality of wave bands of an em ssion spectrum 10 2. The method of claim

ot hod of cPH REEoR g eih a0 FrcrbCefhink R B U RS BpRA Ry tohn, T

the sanpl&ghl igder. 15 4. The nethod of cIa|n11, mhereln the externa

el ectrode coupl es capacitively to the, sanpled gas. 5. The nmethod of claim
1, wherein exciting does not require exposing the sanpled gas to an

internal igniter. 20 6. The nethod of claim 2, wherein_ the external

el ectro2z cohphethoi ndolain 28] yhereintsamphiagrichues gampling at 1536t oreteBASHEAT| ai m
2, wherein the external electrode couples capacitively to the sanpled 25
gas. 8. S8 et hod of claim 2, wherein the exciting does not require
exposing the sanpled gas to an internal igniter. 30 9. The nethod of claim
1, wherein detecting utilizes detectors responsive to band w dt hs

suf{j ci gqt | In dtYeo9f 2 f&1i6E bPhS eRhfust SHNORSI\G{TIses dnto

si nfé‘? e %2a X‘Pﬂﬁfeh@\ﬂ’é%@gﬁst?%%%%rgct%um LBV 02/ 44087 PCT] USOL/ 44585 10.
The met thedxoftativinashamBer, whishds niferstienm thegxhaust gassireddlo-or s responsi ve to
bandw dt hs sufficiently narrow that a plurality of detectors are
responsive to.a single peak in the em ssion

24. The method of claim 22, wherein the exhaust gas stream passes through the excitation

chamber.

15

25. The method of claim 20, wherein detecting utilizes detectors responsive to band widths

sufficiently narrow that a plurality of detectors are responsive to a single peak in the emission

spectrum.

20 26. The method of claim 20, wherein detecting in real time utilizes detectors responsive to the

emitted radiation in 20 ms. or less.

27. The method of claml 20, wherein the detectors are shallow j@ction devices.
25 28. The method of claim 27, wherein the shallow junction devices are CCDs.

'29. The method of claim 20, wherein detecting utilizes deep junction devices.

30. The method of claim 20, wherein detecting uﬁlizes an array of 512 or more detectors.
30

31. The method of claim 20, wherein detecting utilizes an array of 1024 or more detectors.
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spectrum 5 11. The method of claim3, wherein detecting utilizes detectors
responsive to band widths sufficiently narrow that a plurality of
det ect or W@pB44585ponsi ve to a single peak in the em ssi onPCEpSe/44685 12.

Th d of clai wher ei n_detect . i | i
pand wi 4 ntbegoe @R pf et 20y e e i vt et 5t SR FRPEORIL® 10

responsive to a single peak in the em ssion spectrum 13. The nethod of
claim1l1, wherein detecting in real time utilizes detectors responsive to
the emite L 25t Mail gl haRibBOdodprisihgd m 1,
wher ei nrrﬁt'hegﬁﬁg%%ﬁ@%%@ggﬁ?ﬁ%afv&?ﬁﬁ??cggége%ﬁggg@ 15. The fr)net h%d of

cl ai m 14, vdaerpding ght eutsidalalreastipn nlearnlonn thishas passed rqghdhe reagiongshamber et hod
of claim1, wherein detecting utilizes deep junction devices. 17. The

met hbd of cTHMRAPIOGHEr ei n detecting utilizes an array of 512 or nore
detectors. ex%%ingﬁh@saﬁﬁﬁl@@@a@t% elitdallaliond@r ei n detecting utilizes an array
of 1024 or nore detectors. 25 19. The method of claim 1, wherein detecting
utilizes andeleoting inteabtimg foom thereanitied weiagion a plumglity/of eavh bandsiof sp eaiFMon
data regarding,_a pr.ocess i.n [ J: .84 g I.ngi;9as
outside a r%’ggtﬁlghutb f’?%%ertecttﬁrgtr é%ﬁg‘ig“geg%? gog'ggtqﬁ‘?ﬂc}tsjg ?{?gﬂ( @%%‘%‘?’ g?\dgg hg‘#%lé 30
during a pret®isiort % respddisivheo $sinplegdalgasthbymissimapeatamar capaci ti ve
coupling to emt radiation; and 20 WD 02/ 44687 PCT/US01/ 44585 detecting
in ikal tine fromthe emitted radiation a plurality of wave bands of an

em ssi ogy S ’ i ' VORI Eh B a8 st bhE ExHAASSya8 Ot
requi reg%xp'gg‘?ltr]]ls t ﬁ%?%?ga&gﬁgﬁﬁgggaﬁ%lgiﬁﬁgﬂeﬁm ig%ig?lgr. 22. The rsrget hod
of cl ai sacath frotaehetrdacsangtambgr.i ncl udes sanpling at | east one exhaust gas
stream 10 23. The nethod of claim 22, wherein at |east a portion of the
exhaust gas streamdiffuses into the excitation chanber, which is offset"
fromthe exhaust gas streamf|low 24. The neth of , claim 22, if%ei n . the

exhaust 3%asThe methedof slaa S¢nwhergm at frastagtigh pg&le exhaust gas stream se€s 1nto

15 the excitation chamber, which is offset from the exhaust gas stream flow.

36. The method of claim 34, wherein the exhaust gas stream passes through the excitation

chamber.

20 37. The method of claim 33, wherein exciting utilizes an external electrode which couples

inductively to the sampled gas.

38. The method of claim 33, wherein exciting utilizes an external electrode which couples
capacitively to the sampled gas.

25

39. The method of claim 33, wherein exciting does not require exposing the sampled gas to an

internal igniter.

40. The method of claim 33, wherein detecting in real time utilizes detectors responsive to the

30 emitted radiation in 20 ms. or less.

41. The method of claim 33, wherein the detectors are shallow junction devices.
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chanmber. 15 25. The nethod of claim 20, wherein detecting utilizes
detectors responsive to band widths sufficiently narrow that a plurality
of det ectvmsz/mmresponsi ve to a single peak in the em ssPONUSGpESEST um 20

doi cot 875 TR e it SRR AL bbb SRR (757 e

met hod of claim 20, wherein the detectors are shallow junction devices. 25
28. The nmethod of claim 27, wherein the shallow junction devices are CCDs.

29. Thy Bﬁl@ﬂhﬁfodcdf%l 20, WbREEldedR m%%ﬁhkék@ﬂe@? jlricBi6s degede. j unct i on

devi ces met ho of “clai m 20, erein detecting utilizes an array of
512 or nore detectors. 30 31. The nethod of claim 20, wherein detecting
utilizes an array of 1024 or nore detectors. 21 WO 02/44687 PCT/ US01/ 44585
32. 5 Thanetrhe ehetfododfalaimB, whbmiredetedimtetilizespniariayi f 32 anmere dgjeaddrs2048 or
nore detectors. 33. A nethod of obtaining data regarding a process in a
reacti on chanber, conprising: sanpling gas outside.a reaction chanber that

has passed through the reaction _chanmber 5 -during a ess; ing the
sanpl ed5gadhe mediric oficiaimal3; Mherefafhéetﬁéknéd‘t“ihﬁﬁs Waéfd?fplp%r@ Fﬁrfi(eg??é Ofgnitt ed

radiation a plurality of wave bands of an emi ssion spectrum utilizing
detectors responsive to band widths sufficiently narrow that a plurality

Ry D R e B A R O

onggexhaust gas streamfromthe reaction chanber. 35 The met hod of claim
34, wherein at least a portion of the exhaust gas streamdiffuses into .15

the exgiyt atd ARMEAYIBBE U8R rdgirdihd § BlockdsANatriRtieN bRabergamnistrgam f | ow.
36. The7rret410d of cl alalrﬁu%% mhé?g%rel ngtﬁe exhaust ghrs stream passes t hrough

the exci t atsampling gasrdvénide 2agtion diambeethrbeasarsser Ahmengptheyprstion ghamlert i ng

utilizes an, ext er nal eI ectrode which couples inductively to the sanpled
gas. during a proces : _

exciting the sampled gas with an energy to emit radiation;

15 detecting in real time from the emitted radiation a plurality of wave bands of an emission
spectrum; and

adjusting the energy in real time to increase or decrease the emitted radiation.

48. The method of claim 47, wherein adjusting the energy includes decreasing the energy to

20  avoid saturation of a detector responsive to a particular wave band.

49. The method of claim 47, wherein adjusting the energy includes increasing the energy to

increase the emitted radiation in a particular wave band.

25 50. A method of real time control of a process in a reaction chamber, comprising:
sampling gas outside a reaction chamber that has passed through the reaction chamber
during a process; '
_ exciting the sampled gas to emit radiation;
detecting in real time from the emitted radiation a plurality of wave bands of an emission
30 spectrum; and

controlling the process in real time based on the detected wave bands.
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38. The nethod of claim 33, wherein exciting utilizes an external electrode
whi ch couples capacitively to the sanpled gas. 25 39. The nethod of claim
33, wher aVo0Bx81 i Nng does not require exposing the sanpl eBCTHHSO4358N

internal, igpiter Q. (The t-hod | al.m. er el ' j

e it oEad Beef O6pdny TSR o dhe BloPhT intfyel Bepftng EiAGI i MBabdber B

or | eSSaplﬁgmaIBﬁpﬂﬁh%gdoﬁfﬁe.cl aim 33, wherein the detectors are shall ow
junction devices. 22 WO 02/44687 PCT/US01/ 44585 42. The nmethod of claim
41, wherein the shallow junction devices are CCDs. 43. The nethod of claim
33, wherein detecting utilizes deep junction devices. 5 44. The nethod of

cl ai m 3. wihbe miethodef cloith A, whértinAbsreaptiony ¢hayber iszudepesitipp elangherect ors.

45. The nethod of claim 33, wherein detecting utilizes an array of 1024 or
nore detectors. 46. The nethod of claim 33, wherein detecting utilizes an
array of 2048 or mopre detectors.. 10 47. A.nmethod of obtaining data

regar di #y alps Bethed O'E Rlago Sia‘@i“?rﬁlﬁ té?] teaption chagihst &4 pigsma %gﬂﬁg ?ﬁﬁadn UAs

outside a reaction chanmber that has passed through the reaction chanber
during a process; exciting the sanpled gas with an energy to emt '
radi ati gp; éﬁe &g{h%ﬁto'fgﬁhh 30! Gkred! 1B Hc@d@héélﬁde%%ﬁ&iﬁgnﬁl%‘i'r@édtigﬂ cRarRbdit@hi ty
of wave  Dands of an em ssi oh specter and adjusting the energy in real

ti me topiedeanmed onlldenditase the enitted radiation. 48. The nethod of claim
47, wherein adjusting the energy includes decreasing the energy to 20

avol®l saturation of a detector responsive to a particul ar wave band. 49.

The nmethod of claim47, wherein adjusting.the energy..includes_increasing
the enepy The methodedslimpg, whete eP&HF%tW@qusﬁagg%ﬁ?g Ze QY hrgueh tggind. 25
50. A ”Féafaﬁ&aimﬁq%ﬁ' time control of a process in a reaction charrber‘,
conprising: ~Sanpling gas outside a reaction chanber that has passed

t hrough the reaction chanber during a process; exciting the sanpled gas to
emt radiation; detecting inreal tine fromthe emtted radiation a

pl ural i 5§, offhwaethddaTdmiafs0awhemimstdt process produces chlorofluorocarbons.

15
57. The method of claim 56, wherein the chlorofluorocarbons are hydrochlorofluorocarbons.
58. The method of claim 50, wherein controlling the process includes responding to a leak of
ambient gas into the reaction chamber.
20
59. The method of claim 50, wherein controlling the process includes responding to elevated
" levels of helium.
60. A method of monitoring a process in a reaction chamber, comprising:
25 sampling gas outside a reaction chamber that has passed through the reaction chamber
during a process,
exciting the sampled gas to emit radiation;
detecting in real time from the emitted radiation a pluralitjf of wave bands of an emission
spectrum; and
30 displaying to a user in real time a plurality readouts for one or more characteristics of at

least a portion of the detected wave bands.
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30 spectrum and controlling the process in real tinme based on the detected
wave bands. 23 WO 02/44687 PCT/ US01/ 44585 51. The nethod of clai m 50,
wherei n tweopsw8®es' s i ncl udes cl eaning the reacti on chanmbPeTAaRIM458 pl asma

i Si fl ine. 52. Th t hod,of. clajim51 [ ]
Chanbebl-1 SThe Hepedotpin Shanbarn dpisans G rptiiEp babaLkRBR At |\
reacti EQ%‘[% & of the ﬁeﬂ@{:’t@@ FRvEb&lds REd sdpniney nurkdic veles &t the theadure bii m 50,

pr

wher ei n ocess includes conditioning a reaction chanber to a

pr edet @itenisite dndviel waveretigth ofie use sgectedrpeinhen @@ ¢l ai m 50, wherein the
process includes calibrating gas flow through the reaction chanber. 56.
The net hod of claim50, wherein the process produces chl orofl uorocarbons.

15 57. The_methaod of ¢l aim 56, wherein the,chlorofl| uorocar S .
hyd¥ ochR-or Ehe-mstwdofs .5%1 Wg.ere‘ﬁfgsfﬁ@flﬂ%ﬂm eﬁfeé’ff%e%%}fg Wg?s@fkﬂo@%ﬁep P 1 ng
the pr ' SFURSRARM I FavcDaRdd BRK 1iab grapAlhe BY af agedsity @raphe reaction
chanbe?fgtjgasgg.%#ﬂ)g net hod of claim SO,Q@Merga% controlling the process
i ncl udes responding to elevated -levels of helium 60. A nethod of
nmonitoring a process in a reaction chanber, conprising: 25 sanpling gas
out si dg3a Thaatdiwd fivhuiing?, wheteirhths ipersstyrarivio dighlayedas bight dine speoter
during a process; exciting the sanpled gas to emit radiation; detecting in
real time fromthe emtted radiation a plurality of wave bands of an
em ssion spectrum and 30 displaying to a user in real ti a plurality
reddoutd. f dhe srsghaskofiplpim G2 Hhgreik gﬂPl&SéthﬁfaIi’t 18 dFSBLaéng £y ?36%&1‘6‘8 SBTC
detected wave bands. 24 WO 02/ 44687 PCT/ US01/ 44585 «

65. The method of claim 50, wherein displaying includes user selection of a plurality of wave

lengths and a strip chart display of the selected wave lengths.

15 66. The method of claim 50, wherein displaying includes user selection of an algebraic

combination of a plurality of wave lengths and a strip chart display of the algebraic combination.

67. The method of claim 50, wherein displaying includes user selection of a derivative

function of a wave length and a strip chart display of the wave length and the derivative function.

20

68. The method of claim 50, wherein displaying includes user selection of parameters for
integration time for the detection of the wave bands, number of the integrated detections

averaged, and smoothing of the averaged integrated detections.
25 69. The method of claim 68, wherein the user selection is made graphically.
70. The method of claim 68, wherein the user selection is made numerically.

71. A method of obtaining a quantitative measure of an unknown flow gas having a known
30  spectral peak, comprising:
introducing a known flow of reference gas having a known spectral peak into a reaction

chamber;

25



61. The nethod of claim50, wherein displaying includes graphing a neasure
of intensity of at |east a portion of the detected wave bands and

reporti ngvoomessBT val ues for the neasure of intensity anBCTH80M&ESRS | engt h
of a user selected point on the graph. 5 £62. : ofctibh Bhdmhind,
wherei n di §ﬁpawgﬂ%asi%1‘5fd%geaﬁé%‘g‘§5ﬁﬁ Wﬁt lga%r?gg%grt%fggé@?%treﬁsli ty of at

least a porgi; gﬁfes’aﬂ%léﬁ%a@%&‘ﬂit‘&@d&@ti&@nds by a line graph and by an
intensity graph.” 63. The nethod of claim62, wherein the ilnt?el%sit ) r%h is
di spl ayed alsteatihg inghel tihawaspbads.aprrespandgyg to HalpawmiRgcisd! Pe i%ﬂé‘zﬂ, 10

wherein the,intensity gra i.s.di naye sl : c m 65. The
net hod of &% @chﬁg%ﬁ?&e&%&é‘%"g@k@é, %CL r%’??% élg@%ﬂégﬂre Hgglggﬂ gé]djof a

plural ity ofetep@Weng h hSHHE RHeaudtof i wkaotn diospgasyfrarh of the dseriedwdcwave

| engt hs. 15 66. The net hod of cl ai m50, wherein displaying includes user

sel ection dfandn al gebraic conbination of a plurality of wave | engths and a
strip chart display of the al gebraic conbination. 67. The nethod of claim
50, wherein displaying includes user selection of a derivative function of
a wave jengrte medodobélkinp 7t helidreiditlsplefoyensk gabhis angee | ength and t he
derivative function. 20 68. The nethod of claim 50, wherein displaying

i ncl udes user selection of paraneters for integration tinme for the
detection of the wave bands, nunber of the integrat det ections ged,
and1Gs o hi Hip wethod ef elein 2 Gouhqrsindhs novm wpeeizald G‘ﬁgﬁ?‘ﬁ §§I€’§P°er$.aé 1%%%é&of

cl ai m 68, in the user selection is nmade graphically. 70. The nethod
of cl ai %\ag\é\aef\gﬁ(#}al n the user selection is nade nunerically. 71. A nethod
of obtaining a quantitative nmeasure of an unknown fl ow gas having a known
30 spectral peak, conprising: introducing a known flow of reference 1gas
hav} ng @a}.k MPNOMEMEE blf laih 9afwhértia the deaniinmg stapﬁaﬁbénf; apmyrl.]nw Iglze/anﬁee

PCT/ US01/ 44585 sa i ng gas outside a reaction chanber tha S

t hr oughsprehigalraties @gﬁoﬁ'ﬁ aftherunkneye floyisgd e %regé‘ﬁ%‘l‘séﬁf g a?sraﬁl%_ O%tll?le t% te gtglﬁ gﬁég n;
det tin‘ti n real tinme wave bands, corresponding to the known spectral

peaks o dﬁ’e known flow reference gas and the unknown fl ow gas, fromthe
emtted radiation; and 5 determ ning a quantitative nmeasure of the unknown

fl ow gas fromof the detected wave bands. 72. The nmethod of claim71
wher ei N7t he TheFRIRHAGE cas 7i1swheginthe determining step includes applying a non-linear fit of

spectral ratios for flows of the unknown flow and reference gasses to a ratio of the detected wave

bands.
20

76. The method of claim 71, further including controlling a process in the reaction chamber

based on the determined flow of the unknown flow gas.

77. The method of claim 76, wherein controlling the process includes adjusting a mass flow

25  controller.

78.  The method of claim 76, wherein controlling the process includes- determining the endpoinf:

of the process.

30 79. A improved spectrographic system with a plasma source, system including:

a spectrographic system with a plasma source, including a window for collection of

emitted radiation from plasma generated by the plasma source;
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10 73. The nethod of claim 71, wherein the known spectral peak of the
reference gas is centered at about 750 nm 74. The nethod of claim 71,
wher ei n W@ ozlete8T m ni ng step includes applying a |inear fPCT/ORI/AFECT ral

ratios for flo of .the unkno fl ow and. r.ef eren ses a i fothe
ot et ed wal SPIEIBIAIEES e Pk uRBlRaRERIE E5 h 5 PgRa e MdsBbadinPos
determ ni nggﬁtﬁglﬁmﬁy%gpmgy@h%@S@gﬁa{la near fit of spectral ratios for
fl ows of the unknown flow and reference gasses to a ratio of the detected

wave bandscom®l kgic thastivase Hiszas sowre prd ergizethepdasmarserisgifoip waasriicinhg a

Cnknown 11 ol Qi oo ytnt WA Rhe ekl e R SRENARAALG O 71" e

process includes adjusting a mass flow 25 controller. 78. The nethod of
claim 76, wherein controlling the. process |ncludes determ njng.the endpoint
of the BPoc&bespesogrgphinsysiem &b eldim j@cvhagindpmionizalegas contpms gltiﬂga%rra
source, systemincluding: a spectrographic systemw th a plasma source,

i ncluding a window for collection of emtted radiation from plasm

o ot aitog AecBo@Re 331 st 48 MLPORR RbRbIRE ARy cRyeen, o

i ndependent of gas analyzed by the spectrographic system and control
logic to activate the gas source and energi ze the plasma source for a tine

suffihcigpt The sﬁégﬁg%rafﬁe syt dfclatiiToewhreinsRe §dcapaphic 6ysys iemilizd to

ot herwi se idle. .~ The” spectrogr aphi c systemof claim 79, wherein the

i oni zablenifasa denesiion provesy angkthe corgrol logieadijyates thsggas sptse 39dthe plasmaspaice
79, wherein i.oni zabl| i . e spectrographic
Syt om & * S pieE biife S AL bR RRpotufifoedl® PTT 0 o

moni tor a deposition process and the control |ogic activates the gas source
and the plasma source in a self-cleaning process shortly after nonitoring

the depgsi t TAB spcA6SBPhic 8PsterhVE cRRACD! RHERRNKE gaySufd® supplidsahdtionablelpas ei n
the gas source supplies the ionizable gas 15 to a common inlet to the

pl adfm $@acemmon inlet to the plasma source.

84. The épectrographic system of claim 79, wherein the gas source supplies the ionizable gas

to additional inlet to the plasma source, proximate to the window.

20 85. The spectrographic system of claim 79, wherein the control logic energizes the plasma

source with more energy than used for spectrographic analysis.

86. An spectrographic system with a plasma source, the improved system including:

a spectrographic system with a plasma source, including a window for collection of

25 emitted radiation from plasma generated by the plasma source;
wherein the spectrograph system is used to monitor a process that includes a process step
and a purge step; and
control logic to energize the plasma source during the purge step for a time sufficient to
clean the window of materials from fhe process step.

30

87. The spectrographic system of claim 86, wherein the purge gas contains nitrogen.
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84. The spectrographic systemof claim79, wherein the gas source supplies
the ionizable gas to additional inlet to the plasna source, proximte to
t he wi ndowo 0204685. The spectrographi c system of clai m 79, peéh@sei/4358she

i e T R L e T e

the i nproved systemincludi ng: a spectrographic systemw th a plasm
source, including a window for collection of 25 emtted radiation from

pl asma_genofl GlciRyerfife BlsERTr ARk 86 whih Bhdbdnlie] RRRCikAIAMR: plishem | S
used to nonitor a pﬁr cess that includes a process step and a purge step;
and condoudde witlginoré encegyefogbalé clelming theamsed buspectiographts avBkysisur ge step for a
time sufficient to clean the window of materials fromthe process step. 30
87. 5The spectrographi c system of claim86, wherein the purge gas contains

nitrogen. 27 WO 02/44687 PCT/US01/ 44585 88. The spgctrogr i C systera of
cl ai mgsm wha _rSEwﬁrogr?@hMV@t@“g‘&é{i 28 @PHEWB?«JB%WP%@E Sf’ﬁ%“@’ﬂi‘éaﬁp}n&gr gphi c
system of ¢} %#eg]tyrggrgpﬂyggfs?%ﬂ? wifts £188hs RurtQ Uy BRES iR fRoMdEsARE Sour ce

with nore en cl eaning than used for spectrographic analysis. 5
90. An specémitgdapdiationsiysh eiaswiatgenerated dyrthe plosme squreds@nd npr oved syst em

i ncludi ng: a spectrqgraphi.c system w.th I S Lhel uding a wi ndow
for collect P%grd?loregﬁ?ffﬂ:geﬂelpﬁﬁi; glait 8Py F%%C%Pgﬁ%gfogl’gﬁ‘{e@dé’ﬁi% ﬁe{ pl asma
sougse; andg@REnAkl JRE 6f AGRkieomelegaENt s that apply sufficient heat for the
wi ndow to remain 10 substantial clear of deposited material. 91. The
spectrographi c system of claim90, wherein the heating elenents are

proxi mate tQ the . w ndow ' - 4 i - W 15
02, Thed Epedts SieiipRrate LRl c§Pkh 25, VaREin e Reathe Llinichiiee PREIMEATMe

i ncl udesyimbvexs dppliOReat ohavibrityafthd Wadbwat i ng el ements are proximte to
and applies heat to the excitation chanber and the w ndow. 93. The
spectrographi c systemof claim 90, further including an exhaust sanple |ine

in gaseous 20 comunication with the plasma source, wherein t he heat.i ng
el ement §2apfphy sprstrographic lgpstem o gleim 98 ayvperein the plasma source inc udes an excitation

chamber and the heating elements are proximate to and applies heat to the excitation chamber

and the window.

93. The épectrographic system of claim 90, further including an exhaust sample line in gaseous
20 communication with the plasma source, wherein the heating elements apply heat to the exhaust

sample line.

94. A method of analyzing conditions within a reactor chamber during operation of a process,
including:
25 characterizing exhaust gas from the reaction chamber during the operation of the process

utilizing a plasma source and a spectrographic detector array.

05. The method of claim 94, wherein the spectrographic detector array is sensitive to at least

512 wave bands.

30

06. The method of claim 94, wherein the spectrographic detector array includes at least 512

detectors.
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94. A nethod of analyzing conditions within a reactor chanber during
operation of a process, including: 25 characterizing exhaust gas fromthe
reacti on voampss? duri ng t he operation of the process utiPCPURQ/4AS§S asna

source and a spectrographic detector array. .95, The net hod of. cl aj ,
Wher of 197k e hsaeibdr Ao 4 ik BiE SerFEr R dsieste s bt gl Teat
wave b The nmet hod of claim94, wherein the spectrographic

det ect ?nggﬂagfgb?ﬁ%sf udes at least 512 detectors. 28 WO 02/ 44687

PCT/ USO01/ 44585 97. The nethod of claim 94, wherein the spectrographic
detector array is sensitive to at |east 1024 wave bands. 98. The net hod of
clai m BB, Wirrméthod bEclsipeo4s, rwigtan hespdetregrapitic detectyr drrayl includesaat ldastaki241024
5 detectors. 99. The nethod of claim94, further including: characteri zing
exhdustdeiRetorsr om an addi tional reaction chanber during the operation of a
replicated process utilizing a plasma source and a spectrographi c detector
array; and 10 adjusting conditions of the additional reaction chanber

responsiye 1.0 differ o &L characterizations of the reaction
chanberégandﬁfe}%e%‘a(gf)fag%g?gr eac%iql(l)%lﬁ@ﬁ%rrber. 100. The net hod of cl ai m 99,

wher ei n ad] dhatdchgizidaexbandpis fora anndditides redotianichgnbwaldusing thet dpsratiguif i onal
reaction chanber. 15 101._  The t hod of cI%m 100 V\Hier %n agj_rus_t i Y t he
condi ti ons @Bk@%ﬂpmfﬁﬁﬁﬁ%@ngﬁﬁ SPg SPRiee and\a FRGCIOgTap 0;51!% E1OK SUAY; At cals in
the,additio sé%lggﬁﬁdiﬁtghs ﬁfditiérpctglreaa_ﬂﬁ% fRuRHrghorhritedifBdencel bétdictn

adjusting t rtrons further includes generating 20 pl aspma contai ni ng

hydr ogen i niht kharadeiizationsbf the seaciiom clunahep end ths adiliticnalacarjionshEnbent o wal I s
of the additional reaction chanber. 103. A method of anal yzing conditions
within a reactor chanber during flow of a non-reactive gas, including: 25

char act g§d. ZrROmeHda es t1aBR 89 fwikitinhajusaag tHenditisndicludes ¢lemingwalls of the
non-reactive gas flow wutilizing a plasna source and a spectrographic

det ect oaddationay reaction chamber.
15

101. The method of claim 100, wherein adjusting the conditions further includes running test

wafers with process chemicals in the additional reaction chamber.

102. The method of claim 100, wherein adjusting the conditions further includes generating
20 ‘plasma containing hydrogen in the additional reaction chamber to diffusé hydrogen into walls of

the additional reaction chamber. -

103. A method of analyzing conditions within a reactor chamber during flow of a non-reactive

gas, including:
25 characterizing exhaust gas from the reaction chamber during the non-reactive gas flow

utilizing a plasma source and a spectrographic detector array.

104. The method of claim 103, wherein the spectrographic detector array is sensitive to at least
512 wave bands.

30

105. The method of claim 103, wherein the spectrographic detector array includes at least 512

detectors.
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104. The nethod of claim 103, wherein the spectrographic detector array is
sensitive to at least 512 wave bands. 30 105. The nmet hod of clai m 103,
wher ei n tWwe 0xpe81 r ogr aphi ¢ detector array includes at | eaBCT/BS@ /44685 ect or sS.

29 WO 02/ 44687 PCT/ US01/ 4458 106. Th t hod, of . cl ai m. " i h
spect rl®§r éﬁh@inéetg‘édc %tj‘?%‘?n Jpered wig ﬁgfﬁfogap?‘gc %e?ecfoga"i‘?ta%%%gﬁf tlﬁ\;ﬂeﬁggﬁgs?

107. f claim 103, wherein'the spectrographic detector array
inclu @Z4§?”F§%§%'1024 5 detectors:. 108. The nethod of claim 103, further
including nmonitoring desorption of a material fromwalls of the reaction
chanmber. 10 109. The nethod of claim 103, further including nonjtorin

di f f usiogn THe methrad of ¢laim 103 whesein the spcttdgeaphicadatector ataaripdndes oY astAOgdt hod
of controlling operation of a reactor chanber during operation of a

pr dcesdetectirhc udi ng: 15 nodi fyi ng operating paraneters of the process
responsive to a nulti-band spectrographic analysis of exhaust gas fromthe
reacti on chanber during the operation of the process. 111. The nethod of

cl ail m k0. TNGLEER of DY, VR ShchRBE FRALEARY desambblol it s niaitdl ot walls

produci'ng a plasnma outside the reactionh chanber and anal yzi ng em ssi ons
from tdmheteastien dmber.| i zi ng a spectrographic detector array. 112. The
nmet hod of claim 110, wherein the reaction chanber utilizes a rotating
magnetic field to energize a reaction plasma and producing the plasna
out side the reaction chanber

f is iisqQlated fram rotating magneti i eld.
ai0r 1 3105 Ehqetho oBeiauh A Cisiber g ReBE FOPHERE MRt oh o chR et APk S
anal ysis.. L ncl gRpbi ni ng neasurenments of a plurality of the nultiple
bands %fitpf?gegaﬁfg%g?l}]g tg'ba spectrographic peak. 30 114. The nethod of claim

113, wherein the multi-band spectrographic analysis further includes
conmbi ni ng neasurenents of a plurality of spectrographic peaks corresponding
to a CPMPOMNfethodBf controlling operation of a reactor chamber during operation of a process,

including:
15 modifying operating parameters of the process responsive to a multi-band spectrographic

analysis of exhaust gas from the reaction chamber during the operation of the process.

111. The method of claim 110, wherein the multi-band spectrographic analysis includes

producing a plasma outside the reaction chamber and analyzing emissions from the plasma

20  utilizing a spectrographic detector array.

112. The method of claim 110, wherein the reaction chamber utilizes a rotating magnetic field

to energize a reaction plasma and producing the plasma outside the reaction chamber is isolated
from the rotating magnetic field.

25 |
113. The method of claim 110, wherein the multi-band spectrographic anaiysis includes
combining measurements of a plurality of the multiple bands corresponding to a spectro graphic

peak.

30 114. The method of claim 113, wherein the multi-band specirographic analysis further includes

combining measurements of a plurality of spectrographic peaks corresponding to a compound.
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WO 02/ 44687 PCT/ USO1/ 44585 115. The nethod of claim 110, wherein the
process includes cleaning walls of the reaction chanber, the multi-band
spect r ogve@h/ete8nal ysi s i ncl udes wave bands representi ng BECTUS@E4585W0

reactants ne o i.ch. i epl et.ed fromth |1 smhich is
suppl i eijlst o?h%@e&f’égéfﬁﬁﬂ?éﬂa eé‘?mglﬁer?r g ﬁ%h‘é@gg@g@ﬂ gg?a ﬁé?ﬁ#ﬁg&}rﬂé@ hod of
cl ai m 135 et rihdgtult-Baldige e Saieciiagivinchdageavebands sspsdstytimf atddast wast
one wave band representing the reactant that is depleted fromthe walls.

117. Theactentsovhestt vatieh wndenlstedifiam therwallsand aneigenelydieh pruaplichidde in
intensity of at lLeast.o ve band representing the reactant that is
irbetin o BR B it

supplie anper. 118. A nethod of nonitoring conditions
insigle a reaction chanber, including: capturing a nulti-band spectrograph
of exhaust gas fromthe reaction chanber during the operation of a

processid STRShRIMHIYE Bhird 105 Witthértivcl0fing @Ricstify £ slemige imintdnsityrof it ledsanmk
spectrograph; conparing the peaks present to a set of reference peaks.
119. Theavebinddepfesaitiagthelreactaniikatds denlefed Gem tBe wWallf.er ence peaks i ncl udes
peaks representing normal operation of the process, further including
reporting significant deviations in the nmulti- 20 band spectrograph from

the ref n egks, .120. e t ho f claimll wh i

rof er entbl pdak Bemgitan JdanerPpeudinedl A ol B chel DS o pne
Pr 0665 S wal & bidieleptcB&tiAgithdreh@RRIthitNg supplied esthbesastiemclidabenul t i - band
spectrograph and the reference peaks. 25 121. The nethod of claim 118,

further including subtracting fromthe multi-band spectrograph a reference
spectrograph, before determning the plurality of peaks present. 122. The
net hod ®18.clAamathd@ bf mehiorsigrcandsions inside a ishes eralesluding: udes peaks

representin 30 normal . operation qf th e i !
reporting s W%%mqlﬁa@%'?dﬁ%%tﬁ%gf? ?é}eé‘?‘ %Ptggs_ é%%r%%ﬂu ‘%%%g‘{nrdélg%%gﬁa‘g?l g the
subtractingg é@@ﬁb@g@&@ggnce peaks. 31 WO 02/ 44687 PCT/USO1/ 44585 123.
The nethod of claim 121, wherein the set of ref er;nce peaks i ncl udes peaks

repigsent i ndeteahiningapluebiss off neaks preserh & the sawddand specagraplve| udi-ng
reporting Malenes, PREWESA philendTlalske SARferRBBEALO0M aPh after subtracting
and the ref &PeRce %)ea g P

119. The method of claim 118, wherein the set of reference peaks includes peaks representing
normal operation of the process, further including reporting significant deviations in the multi-

20  band spectrograph from the reference peaks.

120. The method of claim 118, wherein the set of reference peaks includes peaks representing
abnormal operation of the process, further including reporting matches between the multi-band
spectrograph and the reference peaks.

25

121. The method of claim 118, further including subtracting from the multi-band spectrograph a

reference spectrograph, before determining the plurality of peaks present.
122. The method of claim 121, wherein the set of reference peaks includes peaks represenﬁng

30  normal operation of the process, further including reporting significant deviations in the multi-

band spectrograph after subtracting from the reference peaks.
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5 124. A nmethod of nonitoring environmental discharges, including:
capturing a nulti-band spectrograph of exhaust gas froma reaction chanber
during tweo oppwsati on of a process; and determ ning a conPENMUS@44685 of an

environnent al ly sensit.ive,supstance i.nt . i - band
hect Son he mefpdioliciny 31 HREEAES scrbe S BENRURS lfities hEATKMEHAG | - DO
hand! g8, WekEE6Seratiok’SF thd Prdca] fiflerdhclalinigTeiadng waghesd bettvben theawtltidand hamber
is a scrubber. 15 127. The nethod of claim 124, wherein the reaction

chanbepecirograph afiat swbiractingssd the rpfgencpiealffet hod of claim 124, furt her

i ncludi ng capturing exhaust gas flow data and determ ning a mass of the
environnental ly sensitive substance in the exhaust gas. 20 129. A system
for nitarin t | east .one environment.al | itive substance in exhaust
st ?egﬁ_@"“f M&oaloépéﬂniﬁf’ﬂ}n%?m%’m% 15 léaﬁ%%éf %Eﬂl?# Thers in gaseous

conuni cat iR iMk b Andi-bRhdRbirétasl of@dhgist pantbinngreneotdhambetduringrtse
including: a plurality of spectrographic systens havi ng plasma sources,
coupl ed i npgratiemata prsessuaidcat i on with the abatement reaction chanbers; and
25 one or nore.data collectio recor di WLE HPheHe bfhaddtas
conmuni caW@M@%af%emgaglé)&or?Sgrg%ﬁ IC ({sn?/ésl@gsr?g.ﬁ XS%@ST & system of g?l ai m

129, furt feym tHechuldivagd spacseprapht erface to select at |east a portion of the
recorded data fromone or nore sel ected abatenent reaction chanbers to play
bdék. 30 131. A systemfor nonitoring at |east one environnental ly

sensi ti,ye LANE S a ; S&Imioh LRI BerMabdiad whierOf waf er handling
reactillgé' g%g%gers g%éc}&g{ap lﬁ@ﬁeﬁ/ﬁ%f abgtement ' 32 WO 02/r44687

PCT/ US01/ 44585 reaction chanbers in gaseous comruni cation with the wafer
handl i ng reaction chanbers, including: a plurality of spectrographic

syst en@ehaticgetid@6NEaiBOR4AC 8heretrothpIreattion chaplewisa sgoplenni cati on with the
exhaust gas streams of the wafer handling reaction chanbers and 5 the
abat enent reaction chanbers; and one or nore data collection and recording

devi ces coupled in data comruni cation with_the ,spectrorgr aE)hi C systens.
15  127. The method of claim 124, wherein the reaction chamber is an abatenient ool

128. The method of claim 124, further including capturing exhaust gas flow data and'

determining a mass of the environmentally sensitive substance in the exhaust gas.

20 129. A system for monitoring at least one environmentally sensitive substance in exhaust
streams from a plurali;cy of abateﬁent reaction chambers in gaseous communication with a
plurality of wafer handling reaction chambers, including:

a plurality of spectrographic systems having plasma sources, coupled in gaseous
communication with the abatement reaction chambers; and

25 one or more data collection and recording devices coupled in data communication with the

spectrographic systems.

130. The systém of claim 129, further including a user interface to select at least a portion of the

recorded data from one or more selected abatement reaction chambers to play back.
30

131. A system for monitoring at least one environmentally sensitive substance in exhaust

streams from a plurality of wafer handling reaction chambers and a plurality of abatement

32



132. The system of claim 131, further includin [

_ , g a user interface to sel ect
at least a portion of the 10 recorded data fromone or nore sel ected wafer
handl i ng weaz#468n chanbers and/ or abat ement reacti on chaprboBUSOf@ss5pl ay

back. 133. The stemof claim 131, f [ i j
: 3 f
| ocat ée@i‘ﬁ’&&??mgéém E1GRE° CORHBY® jq? vﬁé}%@‘r@ eaéé}ygy gil % S?nc%b'rillgdhgfrn Bt?rlg{ eace He
sel eCtiﬁ&ugﬁ%fer handl i ng reacti on chanbers and 15 abatenent reaction.
chanbers dufing a selected tinme period. 33
a plurality of spectrographic systems having plasma sources, coupled in gaseous
communication with the exhaust gas streams of the wafer handling reaction chambers and

5 the abatement reaction chambers; and

one or more data collection and recording devices coupled in data communication with the

spectrographic systems.

132. The system of claim 131, further including a user interface to select at least a portion of the
10 recorded data from one or more selected wafer handling reaction chambers and/or abatement

reaction chambers for play back.

133. The system of claim 131, further including a user interface to locate exhaust excursions
among the recorded data from one or more selected wafer handling reaction chambers and

s abatement reaction chambers during a selected time period.
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