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CHARGE COUPLED DEVI CE of the Invention [0001] The present

i nvention rel ates enerally to ﬁm I “muﬁt haV|ng a charge coupl ed device
based emYQRYOOYBECt roneter fo ok purity gas BEBUSA003/0263E kgr ound
of the Invention [0002] For many years gaseous em ssion spectroscopy has
been used for the analysis of nitrogen in argon (.see e.g., U S Patent

'No. 3,032,654). Ac u . n e hi s technlque is a
Iom#energy argon pgﬂigg?ég §ngiﬁakiftﬁ gég%gg QH&&Q%IC di scharge (SED).
Thi s technol ogy has i npro¥ Sr—Fhe—Yedrs—t wer the

limt-of-detection (LOD) to single digit parts-per- billion (ppb) |evels;
for exanp{& gty ougd $heaiSEof el ectro-optical nodul ation (see, e.g.,
U S. Patent No.~ 5, 412,467). Further inprovenents in sanple cell design,
el ectronl@@01] and The presept cowesrign ax¢babehagentrdlly tohencurrent
generation c110Sco anal yzers h urrent practice of using
mul tipl %%ﬁ%%?% 2T %tg% ?gef??qg§%&-??%%EefB?s?ﬁeeEFﬁﬁFPQneous
anal ysi sspéctibidpee foRpuIttd-asidi suiiepl gaenhssiggivavel engths can be
found. [0003] The block diagramin Figure 1A shows the em ssion and
detection systens utilized in connection wth early analyzers that perform
conventi ghakyfHSS! OF tBPCEATOSCORY - Simlarly, Figure 1B, is a block
di agram—ftor~a state-of-the-art analyzer deS|gn using electro

{0002} For many years, gaseous emission spectroscopy

has been used for the analysis of nitrogen in argon (see
e.g., U.S. Patent No. 3,032,654). A commonly used
emission source for this technique is a low-energy argon
plasma, also known as a silent electric discharge (SED).
This technology has improved over the years to lower the
limit-of-detection (LOD) to single digit parts-per-
billion (ppb) levels; for example, through the use of
electro-optical modulation (see, e.g., U.S. Patent No.
5,412,467). Further improvements in sample cell design,
electronics,” and the microprocessor platform have led to
the current genefation of spectroscopic analyzers. The o {
current practice of using multiple detectors and optical
filters allows for the simultaneous analysis of multiple
impurities if suitable emission wavelengths can be found.
[0003] The block diagram in Figure 1A shows the
emission and detection systems utilized in connection
with early analyzers that perform conventional emission
spectroscopy., Simil@rly,_Figure 1B,i$ a block diagram
for a stafe—of—fhe—art ahéleer desigh using electro-
optic modulation, as described in U.S. Patent No.
5,412,467. In both types of systems, a high voltage
transformer 1 powers a light source 2 containing a
gaseous sample to be analyzed. The gases are excited by

the voltage to produce optical emission lines (an
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optic nodul ation, as described in U S. Patent No. 5,412, 467. In both types
of systens, a high voltage transfornmer 1 powers a light source 2

cont ai ni seous sanple to be anal yzed. The gases are excited by the
vol t age {kg"%?%’%@i’??opt i cal em ssion lines (an *ACTI ON* WS BR800 31

PCT/ US2002/ 020775 2 em ssion .spectr Lfn) ~characteristic of each gas
(impurity) in the sanple. Narrow bandpass optical filters 3 isolate the

t rongest 1SS ' re | g 1.0, each inpurity. . Photonultipliers .
?PR/[I’S§J SSggLBgvszi?{rpﬁﬁeéﬁr&ghﬁ@ 'ou% gp%?d(’Jfgrgloérré)le(gc fli gﬁigwtélgpb‘ﬁ}gﬁbﬁt whi ch is
anpl i fi edn lbhea samgdieanc Wast@e tbaeimg idpeica i Fheteasl Bxedo1genl i fier 6a
as in Fiqure 1A or a tuned anplifjer 6b as in_ Figure 1B, and readout 7.

The convgﬁﬁ oG Rstte FM I Bmaciguending tateacbpt (or nodul ate)

the |1 0Mmdudilie Phorthifinam {41 Clsfid 0 ORLLE IPAULAL] Phgppystem Uses a

frequency doubl er 8 and variable frequency oscil To7 | ate the

li ght toaweuwMiron @eed] ifppweitsy teach genssmet nmlmioh;ll tai aﬁpgszile:¢ -

spectro r hared a .common det ecti,on schene. The em ssion line o e
i Prpuri tg%&?ai %t%%rc@setnqys %egochmvoe P ]?’OV?}O"gg a3stopefical filter and

convert ecinfpl idlerelectyy Gal miginal ﬁphrdlugf‘_’étﬁ?edlsénﬁiif‘igg%ﬂny%_t' plier

tube. The PMI has been the detector of choice for ‘hunerous applications in
| ow | i ght* EVENTEpeElr GRbFILAARIE tTo t 1T Msreent hogalebgstenni gﬁ.l nPNrI'
ossi bl e g t dition epsitjvity, the Pl

Ps al so %Sggdféh%% ieé:gl%gl, lovfgco{%taén ug{:ab{oer o%%‘?uf%ﬂé tg?l ods of tine.

These ar & lightotcarheattMl butiemdeen tiseklsctaroant HooMsdusat app! i cati on, )

el ST TR A TR SR By SRR e "do’ pose” several orobl efs
such as esson sp%FH{oscggxhrtﬁﬂﬁﬁihg PMI's "do’ pose p

; em uses requ and variable frequency
oscillator 9 to modulate the light to the PMT.

[0004] To date, each generation of emission
spectrometer has shared a common detection scheme. The
emission line of the impurity of interest is isolated by
a narrow bandpass optical filter and converted to an
electrical signal through the use of a photomultiplier
tube. The PMT has been the detector of choice for
numerous applications in low light level spectroscopy due
to the inherent high electronic gain possible through th@
use of the PMT. In addition to sensitivity, ﬁhe PMT 'is
also rugged, reliable, low cost, and stable over long
periods of time. These are important attributes when
used in a continuous-use application, such as emission
spectroscopy. However, PMTs do pose several problems
when used as detectors for emission spectroscopy. PMTs
are comparatively large devices by today's standards,
'particdiarlﬁ Wheﬁ éevefal PMTs must be used in a singlé
analyzer. Although PMTs are low cost, the high-quality
narrow bandpass filters are not, especially when several
filters are needed. Moreover, the narrow bandpass
filters, which isolate the emission line of interest for

a given impurity, also prevent evaluation of the



when used as detectors for em ssion spectroscopy. PMIs are conparatively

| ar ge devi ces by today's standards, particularly when sexerﬁ! ENWS ryft be
used in a_single analyzer. A though PMIs are | ow cost, the high-quality
narrOM/bé“ﬂﬁgggmvaters are not, especjally when severaJPCT4$F8W@%§ﬁh _
needed. Moreover, the narrow bandpass 3filters, which i solate the em ssion
line of interest for a given inpurity, also prevent evaluation of the WO

2003/oo4gggkg§ghgggqg%rgzqg@%l %thSEQr tﬁ%}%%éﬁﬁ'+ﬁg§%ng%othe wavel engt h

“chosen for analysi's’ °[0005] The backgro eve the I mpurity
em ssi onap@tyisésgt h of interest can change for a variety of reasons, such

h gt e ature, sanpl a ressure, excitation conditions, or
gfhgrangéppgﬂesnp ﬁFeﬁFﬁ&gfﬁggﬁfégﬁgﬁg evel jat &he cHBPYIHEY i cul t to
di sti ngueahsBaskouayed chigght drevsleetidt Sl URhGhAGE NG vEeNgEt ration of
the inmpurity of interest 'when only the emssion Tntensity a

wavel eng®fh éﬁaﬁﬁﬂéve§uchsaSkm@mﬂge$hﬁmt¢emp%$ﬁ%qreunmﬁ¢pg@tgést!bca?.
result i e s l.ang term. haseline drift, nonlipear cali ration
cur ves, EﬁggéﬁgéénggﬁéﬁgF&%ﬁprg &Fﬁ@?sqIﬁﬁMQHH%%.lﬁﬂﬁﬁ%F%?% al | serious
probl emsenheringt thaptisghbegear f grmilsTRidddananalystsiomenpyrities wth
measurenents.in th ar%s per billion. [0006] Figure 2 illustrates the
problen?ﬁﬁﬁiﬂ@ﬁ?lﬁﬁ BSKAG OLRe ﬁwmhénéQMﬂﬁ(ﬁhlﬁﬁﬂtﬁ#omwmwch§n91¢§gu8et2
shows si L8San i SREBEr a A %géﬂg ofy espond to
86, 56, gggaggftgeéﬁg %Ep%g%cgn g%ﬁ? tfgigﬁhb nDI§Ph%§ %%%fé?h%apor) in an
argon safpiesgas. igsehsityeatr dines wawe lemertte gifon rofe fdet w4 raviolet (W)

SpéCtrunkWQQB? bgh@fqgiigu %é"%%d%%%f@?@%é“?@%elvcan result in
problems with long term baseline drift, nonlinear
calibration curves, and cross sensitivity to other
impurities. These are all serious problems when
attempting to perform impurity analysis on impurities
with measurements in the parts per billion.

[0006] Figure 2 illustrates the problem inherent in
using the PMT and optical filter approach. Figﬁre 2
shows six emission spectra labeled A-F; that respectively
correspond to 86, 56, 38, 25, 9 and 0 ppb copcentrations |
of moisture (water vapor) in an argon sample gas. BRach
spectrum shows the region of the ultraviolet (UV)
spectrum where both moisture and nitrogen have
characteristic emission lines. Note that the addition of
moisture causes a rise in the baseline light level,
particularly in the region of the spectrum (333-360nm)
where nitrogen characteristically emits. If a PMT and
‘optical filter are used, this increased light level could
be interpreted as coming from a nitrogen impurity,
resulting in an erroneously high concentration of
nitrogen being reported. However, if the baseline light
level shift is evaluated properly, the fact that no

nitrogen emission peak is present can be correctly



characteristic emssion lines. Note that the addition of noisture causes a
rise in the baseline light level, particularly in the region of the
spectrunk§$?@%%§8§n) where nitrogen characteristically emits. If a PMI and
optical f lused, this increased light |evel coulP§TYR002M02%5 et ed
as comng froma nitrogen inpurity, resulting in an erroneously high
concentration of nitrogen being reported. However, if the baseline |ight

| evel shi I.S.:eval uat ed .proper| the fact that no Lt rogen em ssion peak
i s pre5e$§ﬁéﬁ?€h§%ﬁn§Q3t#%ﬁ%h)E%%B?bgﬁﬁgﬁnP@?PEBEBE??G?@?%Q 4 det er i ned
and hencadﬁm&lﬁjrz&xﬁl(Hmnéﬁﬁéméi@ﬁgumgntag%gghgg £8l Baséhengane argunent

applies tgggﬁgfline shifts due to other factors, as mentioned above, which
show up. S W kP REher iFReR anap§tReakipaedl ebove, whichaken into

account . r 2 p¥ op d dress_t he.,probl.em of
changingsgggéﬁﬁﬁéﬂgllg fbﬁégél. |850 gﬁgs?ﬁgéegéﬁgiafés Sd&fector can
be dedi caiodd takerdetrarariatacmnnthe UPvel appreatissonalegbtehevel rather than
analyzing for an inpurity. This is done by _choosing a narrow bandpass
filter t%aFtOHO&ﬂdat %A%%%ﬁ M PTeREPBNOEF chprasRgpPasglsnen ssi on

spect r umiglg@se tebreut  not including, the inpurity em ssion |ines of
interest. The analyzer then uses the ratio of the signal fromthe PMI
neasur i nd %09 Ji npurkisstonia sterrmale t AMT sighattbroaant he @dicehetioring t he

basel i ney Thy r el i,m e ny_of the, bl ens. of e basel i ne

eni ssion iraige}sfteak'rl)Icglvrg]q‘f:(':P I%hvéev%gréfea#hr?es r?%}c/ﬁﬁ'aﬁ eJe' f‘g{lﬁoiﬁvﬁﬁ nﬁ#gﬁf ed and

requi r es thiarhemady ziddj ticnadn Piipande ppt i eAlsf ikt @bne Obyachegyghon in the

nUﬁber'of'Tnpuritiesc¥hich;FgP be, . ‘detected. I o - '
a narrow bandpass filter that isolates a wavelength

region of the sample gas emission spectrum close to, but
not including, the impurity emission lines of interest.
The analyzer then uses the ratio of the signal from the
PMT measuring the impurity emission and the signal from
the PMT monitoring the baseline. This approach
eliminates many of the problems of the baseline emission
light level. However, this technique is more complicated
and requires either an additional PMT and optical filter
or a reduction in the number of im?urities which can be
detected. '

[0008] In the second approach, the baseline drift and
some of the nonlinearity in the calibration curve of the
analyzer are compensated for mathematically. The
application of such a correction to each impurity
analysis is implemented as part of the operating program
of the analyzer. However, this approach is only possible
if the nonlinearity is well dharaéteriiéd from preéi&us
experimental work.

[0009] The ability of a charge coupled device (CCD)
array to easily evaluate the entire region of the
spectrum of interest makes them an attractive detector

choice for a number of spectroscopic methods. CCD arrays



[0008] In the second approach, the baseline drift and sone of the
nonlinearity in the calibration curve of the analyzer are conpensated for

mat hemat i The application of such a correction to_each inmpurity

anal ysi sl"?@%(ﬁgpgﬁgnt ed as part of the operating progr aﬁFTﬂ?sz?‘ﬁ}éz(gﬁ%I yzer.
However, this approach is only possibl™e if the nonlinearity is well
characterized from previous experinmental work. [0009] The ability of a

h QAN ' Ly . I t.h ti i on of
The Copany vomaf o APEdLET RLagE' B PR e st Eoh brblesR choi co for o

nunber ofikpersrfecoppechebbadpicCePparicayd oW 200300488k r of
PCT/USZOOZ/OZO??? 5 E ve_been uged in plage of PMIs and narrow bandpass
filters Yotr3pdttr5ee EPCISHEFPE ri GREMEEC1@ lnywaés é€e years and smal |,

| ow costavgpraBLEl al THRI ba skl RnoghaihaRlse 2 rEh g sRES kN 5 e used
for inductively coupled pFasngo(ICP) eﬁiS§§o§s§§e59?o§?@8§g1%%%32

appl i cat¢otR1led epharmauidEPst endsshon ispecitrescheyuse Thksevery i ntense
em ssi o pLcal CP_qr _m.crawaye, sources. These eni ssion
sour ces é@gﬂ¥§$§%8bé %%%eké%haﬁageﬁSFgogneL&EtFevpﬁgﬁ the PSR rdve
enissionvsnwrrﬁﬁehsegamiseﬁbﬁsbeﬁr&&%Ly&?@icahgglquC@Q BA ERVRHaGRNSi st of
an array of detector elenents (pixels), each of which is a photodi ode.

However , SCEEESF ackTRAES| ARG FEAPIhPENLESSN 3¢apABI pyeofingenpRTankn thi s
respect mdke PhgLyELIE! thhii®tRRCLBALARYES hii Tl ohOWolLANL RAGS can be
I'Ke~a S e?p

captured using |longer integration tines, muc &Gre time is
used wiemistonvanalyrakscanera. However, long integration tines worsen a

brob! em IUESPN! ! 8cbR:BLY8 onb8e 8 S8 LETaG7LE QecblRLE™ noise IF an
elements (pixels), each of which is a photodiode.
However, CCDs lack the inherent high gain capability of a
PMT. In this respect, the pixels act like photographic
film. Low light images can be captured using longer
integration times, much like a long exposure time is used
with a conventional camera. However, long integration
times worsen a problem inherent to CCD arrays; the so-
called dark or thermal noise. If an array is left in
complete darkness, it will generate a unique noise
'signature that is'a-fuﬂction primérily of ihteqrati&n
time and temperature. Managing this changing noise
signature is key to using this technology when low
intensity sources are to be detected.
[0011] Because of this dark noise problem, a brighter
emission is needed from the impurity of interest in order
to generate a useable signal from the CCD array detector.
Heretofore, applications that.ﬁormally usk low light
level emission sources with a PMT detector, such as
gaseous emission spectroscopy, have required a brighter
emission source if a CCD detector is to be used.
Generally, a much more complicated power source is needed

to achieve this brighter emission. This can



conpl ete darkness, it wll generate a unique noise signature that is a
function primarily of integration tinme and tenperature. Managing this

changi ng ‘gaizﬁ&s/ooﬂsgnat ure is key to using this technol O%ﬁ}%@a}rﬂg‘wﬁ%-
i se

intensity sources are to be detected. [ 0011] Because of

problem a brighter emssion is needed fromthe inpurity of

interest in

order to generate a useable signal fromthe CCD array detector

wthaP ector, as ~ gaseo

a bright ehe @madsizey source if a CCD detector is to be used.

qpiss'on sour.ces
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required

Generally, a

much nnre[ogpt%rgl i catT%lpovxler source is needed to achieve this brighter

en ssi on can
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i ncr easeatsh% %%%IeOu% %ﬁﬁ%ﬁ%yfﬁ%%@r t E: |é/Zé‘éD cieqpelc%or Therefore,.

a need exists for an analyzer,

as a daseous em ssion spec

et er,

havi ng aa@CRywldthedt arsesara sgimgisd lused iayta ripdve ] ahid sgidn | etceg ssion

source,

[0013] | SUD Ao orhe

h as a silent electric discharge. Objects of the Invention
élﬁ?ﬁﬁlQﬁd% ent invention to provide an

i nproved gaseous emnmi ssion spectroneter. [0014] It is a further object of
the present invention to perform gaseous em ssion spectroscopy using a
| ow | ev@bi@atssiad tharlnwemgion CCD detector array. [0015] It is another

anal yzer S IerT avimig cacear s R 38 ML B totel aner
obj ects dmdremdiam dgepmivide dmvidirtored gaseous emission i
spectrometer.
[0014] It is a further object of the present invention
to perform gaseous emission spectroscopy using a low-
level emission source and a CCD detector array.
[0015] It is another object of the present invention

to produce a small, low-cost, rugged analyzer for

performing gaseous emission spectroscopy.

[0016} Other objects and advantages of the invention

will in part be obvious and will in part be apparent from

the specification and the qrawingg.

Summary of the Invention

[0017] To attain the above-mentioned objects, the

invention provides an analyzer for performing gaseous

emission spectroscopy. The analyzer has an analytical

cell containing a gas sample for spectrum analysis.

The

analytical cell is p;eferably a microcell. A transformer

provides a-véltage.to the gas-sdmple in'the'analytical.

cell sufficient to produce a low-level emission source

from the gas sample. The low-level emission source can

be a silent electric discharge. A spectrometer then

detects the emission spectrum from the low-level emission

source. . The spectrometer uses a charge coupled device



will in part be obvious and will in part be apparent from the _
specification and the drawi ngs. Summary of the Invention [0?17] T? attain

t he above- L objects, the invention provides an_anal yzer for

per f or ni 3&@@’3@@%9 emi ssi on spectr os?opy. The anal yzer Pﬁa@siwﬂaﬂlﬂ@t ical
cell containing a gas sanple for spectrum analysis. The analytical cell is
preferably a mcrocell. A transforner provides a voltage to the gas sanple

in the a i gal e l.ci eqt u a |l ow | evel .em.ssi.on source
from t hoogha YA hE RER I v ) cbAPREREH TS, fesdl e ST IS e
el ectri cadadghargandApspeesonbeeent B8t ondgbeet:s uhe@ctEPbyspect rum from
the low | evel emssion source.. The spectroneter uses a charge coupl ed
devi co WEPSOBBFEbISBELRET, UERGOSPBRTPSE spbifpsfsad e kdamastaum A

conput er ripregedti AgCeRErRh 1! lﬂ%is@n%E}Sﬁeth@n@h%rr%%e%%ugl%de'Bewcon spectrum
detected by the spéctrometer. The conputer subtracts a dark spectrum

r epr esendeigctner fabmnshse efrismithe sphatgamcoufhed cdeiuter ddtsect or from

t he em ssi p rum . The conputer also .uses a Qalibpapion_curve to
calculatésgg ?n%%??ﬁ§at&8ﬂc§Hg§§t$8ncP3Fu&3iFoﬁ§ MpiritiYes in the gas
sanpl e. Aohickatrapiba €akl @airSousedmpare@ypke ihhen gl amrdied fromthe

| ow-1 evel em ssion source_into the spectroneter. Thi's ana[yzer can be used
to anal y2efaRegrePLiRi GAPREr iy usgds §aﬁ9pélsr§hbdédﬁh¢_EhataﬁalytlcaI cel

i n a contki.pHo f A 8L..AnQt her I geR the invention is an
analyzerkaggrgﬁﬁ %ﬁﬁl%%gg%r%ﬁ%ggéggeﬁgggggsggﬁ%i%%FiSPe9&£9?§§§5btrun1and

t he conplhés subiyaetrscthebenusedl tdankalgypecthumilitrerhaach pRiFitsi on

K ' e i nvention i s an
spectrum LOQIRb18 LULL Rl eRogment 9L g, nugqtion

continuous flow.

[0018] Another embodiment of the invention is an
analyzer wherein the spectrometer generates an initial
dark spectrum and the computer subtracts the initial dark
spectrum from each emission spectrum.

[0019] A further embodiment of the invention is an
analyzer wherein the computer monitors the temperature of
the spectrometer and controls the spectrometer to
generate an updated dark spectrum when a predetermined
temperature change occurs.. Tﬂe competer then subtracts
the updated dark spectrum from the emission spectrum.
[0020] A further embodiment of the invention is an
analyzer wherein the computer dynamically determines and
masks hot pixels in the charge coupled device detector,
so that the masked hot pixels are not used in the
spectrum analysis. '

[0021] To further attain the above—mentioned'obﬁect,
the invention also provides a method of processing
emission spectra from an analyzer having a charge coupled
device array based gaseous emission spectrometer and a
low-level emission source. The method first acquires a

dark spectrum from the charge coupled device array. This



anal yzer wherein the conputer nonitors the tenperature of the spectroneter
and controls the spectroneter to generate an updated dark spectrum when a

pr edet er nj_ne erature change occurs. The conputer then subtracts
updat ed %%%@?%um fromthe em ssign spectrum [ 002d|CTAU§09%/RET7S

enbodi nrent of the invention is an analyzer wherein the conputer
dynam cally determ nes and nasks hot pixels in the charge coupl ed device

detector,dasR spattitie PBskesdeRos Ph¥hs1ah61i00t FUsRILhR LRGrgipeCtrum
anal ysis. [0021] To further attain the above-nentioned object,” the’

i nvent i orCArREEPr @SV Hes arney hodTlhe pavkespeayrumniissaoquspedt by from an

anal yzer L 0g.a. C g I vice_array based .,gaseous em ssion

spectronéﬂ%%éggﬁﬁa Pﬁ%m§?§§§? %ﬁi%@loﬁﬁgﬁg?cgguﬁﬁggnggﬁéﬁefPF§Pyacquires a
dark spectitiwbt obnéhdenbal ggh€ouUphedadigybCcepatt 2im 18I 8cWRi2QQA3/ 004981
PCT/USZOO%/OZO??S 8 dark spectrumrepresents thernmal noise fromthe charge

coupl ed %et%?r%?W’#%%eHa?%i§§%%@rﬁﬂ?F@eaBQQHGeH?Qy?hﬁﬁsguring t he
output of c4js1 688G CQURLRLY deviie Bbhayevid | DRNE DRI dBnt Ll ghit. A sampl e
spectrumis acquired romthe | ow | evel emssron source u3|ﬁg £he char ge
coupl ed dewddecedrfyom Theghowsdrepbe B ssi anatpbiceli selprodgged from a gas

sanple in apal ytical.cell. The aLk spectrumis subtracted fromthe
sanpl e sﬁ%§?$u ?%tr%%t%?ns bEﬁ??E%gegrggnﬁpﬁ §ﬁ@8i?uﬁpeﬁt5&§eFPne is then
det er m nesbtoin t HecePFECEEQUs SATDE EsSOSELEHM Aephselilfe ¢4 EALAn peak and
baseline areas for the em ssion peak region of the corrected sanple

spect r um @eeTRieed af el . thahecrreet ehesanphei speabrumet ellekkonthlee en ssion
Pﬁgﬁfﬁ?;Q%g%%z%?é2%€%ﬁ_Qﬁ%ﬁ%@ééﬁﬂnahé§e9§akogrEﬁéiém&gggoncgggirted into an

region of the corrected sample spectrum are integrated.
The baseline area is subtracted from the emission peak
area to obtain a peak area. This peak area is then
converted into an impurity concentration. This
conversion uses a calibration curve to calculate the
impurity concentration for various impurities in the gas
sample. The low-level emission source is preferably a
silent electric discharge. The analytical cell is
p;eferably a microcell. A fiber—optic cable is used to

- couple the light emitted by the low-level emission source
into the spectrometer. This method can be used to
analyze an ultra-high purity gas sample provided to the
analytical cell in a continuous flow.
[0022] Another embodiment of the invention is a method
wherein the dark spectrum acquiring step acquires the
dark spectrum when the spectrometer exceeds a
predetermined temperature change from the:temperature at"
which the dark spectrum was last acquired.
[0023] A further embodiment of the invention is a
method wherein the dark spectrum subtracting step

determines and dynamically masks hot pixels in the charge



conversion uses a calibration curve to calculate the inpurity
concentration for various inpurities in the gas sanple. The | ow | evel

em ssi on _soQur is preferably a silent electric discharge. The anal ytical
cell is 83?@&’3‘&% a microcell. Afiber-optic. cable i ggW%PO?/Bszoupl e

the light emtted by the | owlevel enission source into the spectroneter.
This nmethod can be used to analyze an ultra-high purity gas sanple
provi ded

: |yt i cell. i tinuqus, £l ow._.[ 00221 Anot her .
Ebodi meqe T8t oen a2 Ao <58 ol T ATBR S @A e um ¢
acqui ri ngost epedcdni the tpectaamk aspdsisign when the spectroneter exceeds a
predete;ihggg t enperature change fromthe tenperature at' which the dark
spectru fast ACZuPrBATre[ 6OFBI-eASr WndedStamsidionddt the the i nvention is
a netho bRt pect wﬁ§i§% i and :
dynanica???eﬁgggg'hggfg?ﬁéﬁg ?% @%gbiﬁgige 6%%?86ﬁg§%§éﬁ#ﬁﬁgﬁb02/020775
9 . coupl edddagrompanyang. scawhaygst hda nmadkied :hot pixels are not used in the
spect rum sis. 0024 r_a e _conpl et e understandi ng of the
i nventio ,aaraé erené g|u§e%agg FBdtnﬁé 519 &M%“Ué’gﬂqﬁb%iléﬁr dOa{:]corrpanyi ng
drawi ngsa tonwehehonkQ023hl skigur epebhraytody aatashe@ Rinock diagrans of
a conventional emni ssion spectroscopy systemand an electro-optical
nodul at i BhSERES5PRE16pcPgyd By o8y emdiRs ione spestinpsioppy] BYB6EMEi gure 2 is
a graph QEEEBEEHUE§'9”|V em ssion spectra showi ng a baseline shift in the
S

nitrogen e sion egion; [0027] Figure 3 is a block diagramof an
anal yzer [0086ig a ECBubes@dienis giraphs pel trcdstiatfe-atgr Gmig stiona

spectra showing a baseline shift in the nitrogen emission
region;
[00271 Figure 3 is a block diagram of an analyzer
using a CCD based emission spectrometer according to a
preferred embodiment of the present invention;
[0028] Figure 4 is a flowchart showing the process of
analyzing a sample spectrum for a single impurity;
[0029] Figures 5A-5C are graphs showing an example of
dark spectrum subtraction according to the process shown
in Figure 4; )
[0030]' .:Figure‘6 is a graph showing an example of
baseline evaluation according to the process shown in
Figure 4;
[0031] Figure 7 is a calibration curve for use in
converting the emission peak area to an impurity °
concentration, in accordance with Step S70 of Figure 4;
[0032] Figure 8 is a graph pf the dark spectrum as a
' function of temperature illustfating hot piiél fégibhs;‘
and
[0033] Figure 9 is a graph showing the effect of hot

pixels on baseline evaluation.



preferred enbodi nent of the present invention; [0028] Figure 4 is a
fl owmchart show ng the process of analyzing a sanple spectrumfor a single

I mpurity; .k i gures 5A-5C are graphs showi ng an e €¥Eﬂ ? rk
spectr um‘ggﬁt?&é)?%%sgn according to theupr ocess shown i nig af"@?’ﬁ?“’ %0_30]
Figure 6 is a graph showi ng an exanpl e of baseline evaluation according to
the process shown in Figure 4; [0031] Figure 7 is a calibration curve for
use in AN the .emssio ak area to | puUrit congentration;, in
accor daneci%-%w\éﬁ{ .?%*—ceps%%olﬁogfu&;ep%;ﬁr&[%%%rﬁci%@?r”’_if?r{t'? a graph of the
dark speqood®las a THelotd Rk add taipeiaianes idd usld aldd-d1afs Ringg! regi ons;
and [0033] Figure 9 is a graph showing the effect of hot pixels on

basel i ne "@F&IOGh HCGPX AAD P 003/ WO g8ie Ty USPOOY g0 A5 1 1@ Det ai | ed

Descripti : . E[EQQ | 34] The preferred embodi ments
of the ag%%rcg{lt?tser&gr‘f}a t%’Im:: E%%ecdjr accoﬁj' I ng $04$%%“%W§§fé) MRS on wi I be
descri bed 0035 r ef Reffearr iy tie BiopopBlyiadpIbcridigiyran @B%n Referring to

Figure 3, a block diagramof an exenplary analyzer using a CCD array based
eni ssi on e@ﬁ@&@ﬁd@f@?&yw BIG thE P e PTFIHAWSERIYT the present

i nvent| opelct reh@r, OuioR SEy 11d o FORNIURIIMRRAl & Rt s enpl oying

the CCD array based em ssion spectroneter may also be use e anal yzer
shown i nPRieg@nd 3 nvsiituidas, alspsuwonet®f deyrsey athsoard conputer 20, an

I i.ql tal. . nterf 30 | vtical 40 orner 50,
et anst SopE YR AN A Hen | BB ViAG Und BoR Akna PARRH € 70,

-emission spectrometer may also be used. The analyzer

shown in Figure 3 includes a spectrometer 10, an on-board
computer 20, an analog and digital interface 30, an
analytical cell 40, a transformer 50, a transformer
primary input/output module 60, a power entry module 70,
and a DC power supply 80.

[0036] During operation, a gas sample to be analyzed
is placed in the analytical cell 40. A preferred sample
system is the Praxair microcell described in U.S. Patent
No. 6,043,881, incorporated herein by. reference. The
advantages of Ehe_simple microcell sample system are
discuséed below. The transformer 50 supplies a voltage
to the analytical cell 40 sufficient to produce a low
energy, low intensity plasma discharge from the gas
sample. A fiber-optic cable 90 transfers the light from
the emission source (i.e. the gas sample) from the
analytical cell 40 to the spectrometer 10. This CCD
array based spectrometer 10 is thg heart of the system
and is described below in more detail. The séedtréméter'
10 determines the spectrum of the emitted light. The
spectrometer 10 has a small internal computer (not shown)
which communicates with the on-board computer 20 through
a serial link 100. The on-board computer 20 runs an

operating program that controls the analyzer. Spectra



and a DC power supply 80. [0036] During operation, a gas sanple to be
analyzed is placed in the analytical cell 40. A preferred sanple system
is the P lohollog] OCcel | described in U S, Patent No. 6, 043 881

i ncor por éftigﬂ()ﬁ/gﬁlgﬁ] by-reference. The,, advant ages of th’écypﬁ?f’@o%%% ocel |
sanpl e system are discussed bel ow. ™e transformer 50 supplies a voltage
to the analytical cell 40 sufficient to produce a |ow energy, |ow

i ntensit | qi sl ge from the sampl e. A fiber-optic cable 90
t r ansf er)séb?ﬁg’i i gﬂ%ff romgsii’%cetlé 5% lgﬁ%soaLﬁecese(r}t. &hﬁ%%age%l e) from
the analhiinkcdloeld e tonitheaspesdmpimie20L0. THE Srfddad ray based
spectroneter 10 is the heart.of the system and is described belowin nore

detai | . BORRES rianalyags ddterinaisinth Sheniata mnd)fcctrﬁee@)rﬂ t ;tMer |h i ght .
Th Qe d ' ut nqt. shown I C
® PO B s ch "Bl IR SN AP UL S LI

comuni cates wth the on- conmpu rou Serfal link 100. The
on- boar d coommspending s are @penatd ngnpuddrias tirmttoamlse t he anal yzer.
Spectra WO 2003(,004981 PCT/US2002/ 020775 11 obtained -by the spectroneter
10 are s&t't hrRtpPE&RIHY TSR 1% Rereives ot QBAREk©OP0. The

on- boar d anePRHER et ARlYZASEMRd RERMJANG: JemidA &t GRMerd the

em ssion lines into concentration information corresponding to one or nore
i mpur i ti &S elffdesaigirougasthemre armda.d Qo et a2l y etriﬁ:mﬁﬁl various
anal og nd, :di J. S and can M ate Wt e user

ei t her t%r ?dgjh t[\gseg:loa{t}f %ﬁ,%‘&%ﬁe SRR QLS pa?rlﬁvylr'ectfnserl al

connect i ddts. grosta HS-282Gquiulgs dhowd def Fitpale & Haive mBukilss shown in
‘Figure 3 _haye seri al dport connections. ¢f course, Universal Serial Bus

(USB)  c&TecdBMECTH Oy SHheioHetero e 331n 8 et ado Ryt etHSE)

connections, or any other methods for linking components,
including the use of a bus architecture may be employed.
The spectrometer’s computer can also receive and carry
out a predetermined limited set of instructions. In this
manner the on-board computer 20 can control and receive
data from the spectrometer 10 without having to control
the detailed operations and internal timing of the
spectrometer 10. The transformer primary I/0 module. 60
allows the on-board computer 20 to control the
.transforﬁer 50 and turn the discharge on and off as
necessary. This is critical for management of the dark
spectrum, which is discussed later.

[0037] The spectrometer 10 comprises a small handheld
optical bench and CCD detector. The light from the
emission source is brought into an entrance slit of the
optical bench. After reflecting,gff two mirrors and a
reflective érating, the iigh£iisfdisp;r5ed Snto fhe'CCD
array. The CCD is preferably a linear array of 2,048
photodiode detector elements. Each detector element
receives light corresponding to a narrow wavelength range
(on the order of 2nm). The incident wavelength on each

photodiode is determined by the resolution of the



I ncluding the use of a bus architecture may be enpl oyed. The

spectroneter's conputer can al so receive and carry

[ -board conput er
gﬁ%zdﬂgmb-@ﬁt ructions. In this manner the on bo W&B%’WQ?WSO
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nch and ect or he light fromthe em ssion source is

65&". 89‘}%; ggbsﬁﬁraéff ErBnodpgiles meehdie eamleyedfd®cting.
t wo nirraéslaad a reflective grating, the light is dispersed onto the CCD.
array. The CCD is preferably a linear array of 2,048 photodi ode detector
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hagelhel d

of f

tO a narrow

PCT/ USZOGEmQﬂﬁEEE’nonlﬂlghathegsmhh!& spefehly behchhe toRidLdcpench, and the
position_of the specific hotodlode within the array. O course,

array teBfin8¥SgFa8 REYSke eﬁﬁWB}@Hea§PeGE§Pmeéf ?@@mﬂ ﬂajﬁwmwed

spectrorreherSSréglaheeﬁesﬁsagsagl¥hea¥a&' phenggﬁ! A U Ie 2

and rugged. In “conjunction with the sm
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ot her
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arrays

can coveﬁoapééﬁpl§@élbbectaud1afsmammnpbntﬁaﬁnaf tﬁblﬁeﬁgglon Frconp?sses f
ortion o
2R¢-083h MLESBX' SECLne! DFectOIRLELSYLSLRLE, And @ small P

t he far
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[0039] To convert the incident light into an
electrical signal, each diode in the array, alternatively
referred to as a pixel, is a small area of semiconductor
material connected in parallel to a small charged
capacitor. As photons strike the semiconductor material,
electron hole pairs are formed which migrate to the
opposite plates of the capacitor, causing it to slowly
discharge. After a predetermined time (i.e. an
integration time), 'the CCD’s electronics rapidly recharge
each of the 2,048 capacitors. This recharge-resets the
CCD array for the next integration period. The charge
necessary to fully recharge each capacitor is a function
of the number of photons incident on the photodiode
during the integration time. A plot of the amount of
charge incident on each photodiode during an integration
period versus wavelength reveals the spectrum of the
emission source. ' o

[0040] An important factor is the total amount of
light incident on each photodiode during the integration
time. Because these diodes are integrating devices, the
arrival pattern of the photons is unimportant. Only the

total number of incident photons is important. 1In this



infrared region of the el ectromagnetic spectrum [0039] To convert the
incident light into an electrical signal, each diode in the array,

alternat%%gh% @@%Frred to as a pixel, is a small area of sem conduct or
mat eri al e in parallel to a sjyall charged capacPEBHUS2002/0E} ons
strike the sem conductor material, ePectron hol e pairs are formed which
mgrate to the opposite plates of the capacitor, causing it to slowy

di schar ggespbtef. @h@rsﬂﬁéyré!ibﬂgdl_ﬁ.k@pﬁbts?raﬁhi'bnﬁgmt ign time), the
CCD' s electronics rapidly recharge each of the 2,048 capacitors. This
rechar gepietere cae becrrpirhgdf dp Lpw hdéghti poagiidion® Béfiod. The charge

necessar S ul rech agi | ti Qf . th unber of
phot ons ¥%%?ﬁé§t£%% ?ﬁ%ééﬁgtgﬁggdggedgr?ﬁégkﬁegf%gggr§??§H3%?ne3“£ pl ot of
t he anpbubheofamehmsagpe thei Spatteomeael’ phetadiedeidyr icam dse i ntegration
peri od versus wavel ength reveal s the spegtrum of the em SssiqQn source.

[ 0040] . ARTPEPBRE avReRadedRdi & LAY LBtERsSARYuRMISSION GAVLGRIEnt on each

phot odi odgfULL A, ! Bfic! ShedbehtoBn thfi. BRGAUSENeSR dindesdre
i ntegrating devices, the arrival pattern of the photons Is uninportant.
Only t heactotal limirbethef inhepdehtiophatioes is inmportant. In this WO

2003/ 004 /1 US2002{ 020775, 13 respect, .the arr cts lik hot ogr aphi c
film A gﬁéi re c ﬁrﬁg’chFuﬁgﬁeﬁﬁaﬁ&WnlF&WF 5ﬁﬁﬁﬁ%ﬁgﬁ%sﬁyjiﬁggving t he
shutter epgs8 tBe 3apaBYEbrBebifodnef ok MBrel Bt eSO UAY bddvmes

spectroneter's sensitivity can be_ inproved when using a_|low intensity
eni ssi onfaddvcdipghargefedsragat ke ANEGOFRLIRTY itEe -HoMVR} 2 two factors

act to | EE"ESCFL'ESH BLEgRAL 218k Me siQ4bkd] BSlvathiad My poration time
cannot be So [ong

condition is reached and the diodes are unable to respond

to further incident photons during the remainder of the

integration period. Therefore, it is not possible to

determine differences in signal level for those pixels

that have reached saturation.

[0042] Of greater concern is the thermal noise

generated by the CCD array. If an array is left in

complete darkness, it will still generate a

characteristic noise signatﬁre. This thermal noise,
sometimes referred to as tHe dark spectrum, worsens at i
higher temperatures and longer integration times.
Managing this temperature-dependent dark spectrum is key
to using CCD arrays with low intensity emission sources,
which require longer integration times. The present
invention addresses the problems inherent in managing
this dark spectrum so that CCDs can be practically used
‘with low intensity'emissioh sources.
[0043] Now referring to Figure 4, a flowchart is shown
depicting the process whereby an analyzer constructed in
accordance with the preferred embodiment analyzes a

spectrum for impurities in a gas sample. This process

corrects the spectrum data to account for the analyzer’s



i [ fully di scharged
the capacitors of one or nore of the diodes becomes _
éB??ng t he Pntegration time. When a capacitor becones fully discharged, a

. e , : d io
saturati iJton is reached and the_dlodes are una SB _
further Sﬂ%izﬁg@tm% otons during the r inder of the | %@@@PW‘H .&gl‘l Od];
Therefore, it is not possible to determne differences in signal level for
those pi xels that have reached saturation. [0042] O greater concern is

r ' _ NoED) ay, .Lf.an.array is left in
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si gnat ur £lomiss 4 rahrons o s&é;ep&oxrmqmimedre&egéﬁgrheeas_ t he dark spectrum
wor sens du tenmperat ures, and_|l onger integration tines. Managi ng
this tenperature-depahddiiC T F i ThetdT (in FinRLS impussFiigfeod arrays wth

| ow i nt erssinigyl eedzBE 10N STHHGRI. WHLhr{ £oui g@e%ogggr%g%ggéﬁtgagr#&t i tmralsS
The present, invention addresses the problenms inherent in _ thi
dark spe@t Adh*SResfrurcHramithse greay ikefoye uskd phishal ow i ntensity

I SSi : ferri fo Figure 4 flowchart is shown
Sg]pfiiﬁggigﬁgﬁgﬁgcé%g 2 e\qyghgencﬁana V76t ?B&%‘E’F%’&?ego?fnt?ﬁcééihance Wi th
t he pref Pesd raurbdnh hentacanalnste i ng e EHIW FOke | GRMHEI ties in a gas

' .corrects the spectrumdata to account for the
Zﬁg}o;gérlglt\sﬁg%r Ce?’é(ﬁ@@l aﬁcﬂ?'l?smww% samp L espéchr&CDoar thy and ?
| ow | evekogtrestiioh préce@urd Wdune &ém}hagtgg%ée% red tg;generate

& e ! e
tion information for a single Inpurity fro PRGt e
ggggfph:ﬁslm@cﬁmsg thee gheractenistdcmuio® the daakk spesttviml sp@ the array

before theg BB%%”% function of integration time. As discussed
previously, the dark spectrum is obtained by measuring
the CCD output when no light is incident on the array.
An exemplary dark spectrum is shown in Figure 5A. Once
the dark spectrum is acquired and stored, preferably in
the on-board computer 20, the plasma discharge is ignited
and the sample spectrum is acquired (Step S20). Figure
SB shows an exemplary sample spectrum acquired with the
same integration time as the dark spectrum shown in
Figure 5A. Figure 5B is a sample spectrum for ah argon
gas stream containing 30 ppb of moisture impﬁrity. In
step 530, the dark spectrum value is now subtracted on a
pixel-by-pixel basis from the sample spectrum. As shown
in Figure 5C, the resulting sample spectrum corrected for
the dark spectrum has a greatly reduced noise signature.
The remaining steps of the analysis use this corrected
spectrum (i.e. Figure 5C). Note that the 30 ppb moistqre
:peak‘at 308nm is now clearly visible in the corrected
spectrum.
[0044] The next step S40 is to determine the best
baseline underneath the emission line or peak. This step
allows the on-board computer 20 to differentiate the

light intensity of the sample gas from that of the



di scharge is established. It is inportant for the dark spectrumto be
acquired using exactly the sane integration tine as the subgquent s?ﬂple
spectra, rrection procedure will not work. As noted above IS

i E becaus"gbtzh‘g%(%%?act eristics of the gar k spectrum are PQW%P’(’Ozaﬁﬁunct i on
of integration tine. As discussed pré iously, the dark spectrumis
obt ai ned by neasuring the CCD output when no light is incident on the

. . I k t i s shown in Figure 5A. Once thée dark
apectr im BT L s ST P TapEpEr Brs en b s lso SRECSEMIL er 50,
the pl asrerolisg hengeenss 06 {96ak ADHLbNensaEPL SSRGEL T UR;§ 3gqui red (Step

S20). Figure 5B shows an exenplary sanple spectrumacquired wth the sane
i nt eqr at i YR ngraghieelbvr ko sheguranbsifomna 30 BppumeisAure geak 5B is a

sanple s t a.__ar as stream containing 30 ppb of npisture
GRS ETHE T

I mpurity. ark spectrumvalue is now subtracted on a

pi xel - by-[0045] basi Bhé r owo t hes shipé erege6hky Mbale13heWegibns gure 5C, the
resulting s le spectrumcorrected for the dark spectrumhas a greatly
reduced ﬁHFggPsi%%aﬁh?%§r1ﬁkﬂ?e%ﬁiﬁhﬁgeméﬁéépnupﬁek.@egp@akar&t 308nm

spect rumydd944d dbeesheps Ole Ihgs@D2L, ?iSF§EedBQ%fg%9%E%CE%d3PE§ ure 5C)

Note that the 30 ppb noisture is now clear VI SI I theé corrected next
step S40 regionsicaxe nfie tdea bbbrsbaseteneregdessdanh tbhaecterssnen | i ne or

CTani i ntBIR TS bt heS AT GhLAT  BAFPHAD She REOWBSB009F002681
PCT/ US20@{d¥20lYe® slope and intercept of this line have been
determined, a baseline value for each pixel in the
emission peak region, can be calculated. Referring again
to Figure 6, the baseline calculated based on the data in
baseline regions 1 and 2 is shown as the best fit
baseline. A straight line fit (a linear regression) is
computationally the fastest and easiest algorithm that
may be used to determine the best fit function, and
generally provides a good fit to the baseline data. If
however, the baseline region around the emission peak
contains dramatic changes, a differént regression
algorithm can' be used to fit a more complex béééline.
[0046] With the baseline constructed under the
emission peak of interest, the next step S50 is to
determine the area both under the emission peak, and
under the constructed baseline in the emission peak
region. These area calculations can be performed using
any one of a number of well-known numerical integration
techniques, for example the trapezbid fuie. -
[0047] Once the areas of the emission peak and the
baseline in the emission peak region have been
calculated, the next step S60 is to subtract the baseline
area from the total emission peak area. The resulting

area is the area under the emission peak due to the



15 inpurity. First, the process- breaks the sanple spectrum around the

em ssion peak into three regions. This is shown graphically in Figure 6
for a 30 ' re peak in an argon gas sanple. [0045] The two baseli ne
regions,v@@?@ﬁﬁhé%regions 1 and 2, on either side of tRETAFRU{03NDHeak
region are used to determ ne the basiine. The data points in these
regions are fit to a first order regression to determne the best fit
straight ,line.through the t sets of data, Once the sloge and i ntercept

of this MR HIYe Heeh tREeTHi nethe k@R sRPIRE Daraeisobbabichlpi xel in the
em ssi on ek irRIi Db a CAD @@e%%é‘@%k&%&&é{li f_ggﬁga_ilgve&off&gure 6, the

basel i ne cal cul ated based on the data in aseline“regions 1 and 2 is shown
as the bddre Mlasnmablischargestvherydrs | the peak(aréantaomr ehgeession) is
conput at i vy the fastest and gasjiest, algorithmthat, be used to

det er m nggrp%eglbéls[ﬁﬁ? Jf%n‘é‘f? o RN %ﬁe‘%&?‘l‘ﬁlEYoQ?dé’é‘gg%ﬁBd fit to the
basel i ne Idatihe Idaclprsved , 1é¥el beiseFt Hef6£040) AEQEHE Lheyeni sgion peak
contains dramatic changes, a different regression algorithmcan-be used to
fit a noreidGniicsk Buders neositbonef Vitke pasebimel #and thbeastruct ed under
the em sgj ' S he is to determ ne the area
bot h und?lﬁﬁmga&n&%& ,élztaen%' u(?l&g&é% ﬁ%p%%%gs)ﬁﬁ%t%ﬁe%aégl ine in the
eni ssi on sydicaategl wut ,These resal thhg unt $9hen Codakeapesl semednysi ng  any
one of a nunQ%r of _wel | -known nunerjcal integration techniques, for

exanpl e (FPETPHe 5 3 HE S} BT ERE CORESRFEAL1OR- t he emi ssion peak and

the baseltom8li n t heend 55 DNe PERks T @Y SN Hayer beentneal-cul o £y the next
step S60 is to subtract the baseline area fromthe total em ssion peak
ar ea. Th@@%&ﬁHQQlﬂfak area to an impurity concentration S70.

Beforehand, a calibration curve is generated by measuring
the emission peak area for a series of known
concentration standards for the impurity of interest.
Such a calibration curve is shown for a moisture impurity
in Figure 7. From the calibration curve, an equation can
be determined that gives the concentration of moisture
for any measured emission peak area, at least over the
range covered by the calibration curve. In this manner,
the emission peak area is converted intq avconqentfation |
number (in ppb) for thé'impurity of interest.

[0049] This process can be repeated for any number of
emission lines in the spectrum corresponding to
impurities of interest. Examples of such impurities are
nitrogen and methane, in addition to moisture as used in
the above example.

[0050] The tremendous improvemgnt in noise reduction
" due to the subtraction of the dark spectruﬁ fs apparént
in Figure 5C. Any remaining noise due to the dark
spectrum correction would affect the baseline evaluation
algorithm and manifest itself as noise in the calculated
emission peak area and the resulting reported impurity

concentration. This would ultimately degrade the limit



area is the area under the em ssion peak due to the WO 2003/ 004981
PCT/ US2002/ 020775 16 inpurity of interest. The key point here is that the

basel i ne ' e to the background light level from the plasm
ﬁ&ﬂgpi‘ggﬂ he peak area from.the .enission Iin%cx@s%fﬁ%“”@ﬁ?sy to the

di scharg . ( _
i mpurity of interest. [If the backgrolund | evel shifts for any reason it
will be reflected in the position of the baseline and the calculated

basel ine_area, Once the baseline area is_ sybtracted out, the.resulting
eni ssi onoge Etgl%é‘ope&%%iﬁlecdﬁ%% %-or Bf R\?er?-qr?ﬁ)drqtt%ﬂmt ration.
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interest. [0049] This process can be repeated for any n em ssi on
| i nes i ntenpegspéureumic dire sgpeudinopeter itopupidaites tofe idary est. Exanpl es of

such i R ar ni.trogen and net hane,, in addition to noi sture as us_ed
in thgpgégéké‘%é?a e, t[ﬂ'tfogiﬁmpﬁrf@tﬁr«?n@ﬁﬁm PR RYFEMERan [ noi se reduct i on

due to thersdbhr#alluen Qi )daiyhaRRANN Y MraS KARRAMpe igure 5C. Any
remai ni ng noi. se due to the dark#sﬁpectrum correction woul é&a fect the
basel i neS8P8LGaVEonhot" pixels in software, so that they are

omitted from subsequent analysis. Each of these
approaches attempts to address the thermal sensitivity
problem of the CCD array. As the spectrometer warms or
cools, the initially acquired dark spectrum becomes a
poorer estimate of the correction that should be made to
the current sample spectrum. The greater the temperature
difference between the current temperature and the
temperature at which the dark spectrum was taken, the
poorer the est@mate and the more noise that:éhqws up in
the corrected sample speétfum. Temperature differences
as small as 1°C can result in unacceptable noise levels in
corrected sample spectra.

[0051] The first approach is to subtract the initial
dark spectrum for each gas sample to be analyzed.
Essentially, this approach simply repeats step S20 to S70
'in Figure 4 for each sample. ‘

[0052] | The.secend approach adéresses-thermal
sensitivity by monitoring the temperature and/or the rate
of change in the temperature of the spectrometer. To
monitor the temperature, the on-board computer 20 is
equipped with two or more redundant temperature sensors

(not shown). The computer continually monitors the



algorithmand manifest itself as noise in the calculated em ssion peak
area and the resulting reported inpurity concentration. This woul d
uItinatebﬁ §§3Q$%§ the limt WO 2003/004951 PCT/ US2002/ 020775 17 of

det ec-ti OPCFOP @& npurity. At the Igng integration tPREVSEW2H¥7I3conds)
required to obtain the required sensftivity, managenent of the dark
spectrum can be additionally addressed using the follow ng three

- conplinentary approaches: .1) subtraction of the current dark. spectrumfrom
each newoffr%‘\telébébﬁ r’ﬁ?ﬁ t2%° HRIFVOT ngtk Hehe SpRaEYIrEeRSRE t he rate of

change i reding, WSIPLRHBIEPTudd® SRESIPERL rk spectrum
when the tenperature vaéli[ es bL;/ nore than "a g%ﬁ%@i%wggéﬁ%éﬁg%%ya

dynani cal (bagiesKi rapnsomer Rrgkeraehs, tihe ddmadrpiamd slocasedit ware, so
that they .are .omtte om subsequent apal ysis. Each of these, approaches .
atterrptsctlgosaeddfroestg‘? g%étﬁ e e E%%‘?Ct‘ﬁ}% yg/n AOHEAT O LREECTEEPAr ray. As
the spectgriielderdto P te@tSsutdle wHlidH ald Wracquiy ed dark spectrum
becomes a poorer estimate of the correction that should be nade to the
current SHERAUWESHERR r urRDIRERFED avay e teersbratt uregulaFier ence bet ween
the curr SMEls '1‘?:{1@!: ture which the dark spectrum was
taken, t eect)oorerﬁ{%%es m‘%gtgs a%%rﬁaﬁ%ﬁ%rae%eﬂ%%rﬁ%}%’f? shows up in the
correct ednessayemespect rum Tenperature differences as small as 1C can

result i cceptahl e noise levels in corrected sanple spectra. [0051]
The fi rs&ogaﬁ%ﬂoach e (P RAATATOIRRE G140 fonhAKt LpeR¥31aE9F each gas

sanpl e t athe wnezadire RSOt dddy bdtlice R OG- SifP! ¥ repeats step S20
to S70 in Figure 4 for each.sanple. [0052] The second approach

addr essedampahafiure and the temperature at which the dark

spectrum was most recently acquired and also the rate of

change of the temperature. Depending on the rate of
change, the on-board computer 20 sets an acceptable
delta-temperature. The faster the rate of change, the
larger the delta-temperature that will be allowed. This
is to avoid updating the dark spectrum, as described in
the following paragraphs, too frequently.

[0054] In normal operation, the on-board computer 20
collects and analyzes a, sample speb;rum tygically évery
30-40 seconds.. If the delta—temperéture is exceeded
during an analysis, the current sample is finished and
further analysis is suspended. The on-board computer 20
turns off power to the high voltage transformer 50,
thereby extinguishing the plasma discharge. The
spectrometer 10 is then instructed to acquire é new dark
spectrum while the emission source is extinguished. The
new dark spectrum répiaces thé previously stéred dark
spectrum and the current temperature (TDARK) is recorded.
[0055] The on-board computer 20 then turns on the high
voltage transformer 50, thereby re-establishing the
plasma discharge. The on-board computer 20 returns to

normal operation and begins acquiring sample spectra



sensitivity by nonitoring the tenperature and/or the rate of change in the
tenperature of the spectroneter. To nonitor the tenperature, the on-board

conput er ' equi pped with two or nore redundant tenperature sensors
(not shomﬁ&i@‘?{go"%rrput er continually ponitors the WO 2 TBERABA020775

PCT/ US2002/ 020775 18 operati on of th’two sensors. If the primary sensor
fails, the conputer uses the output fromthe secondary (backup) sensor.

Pref er abl yya fhe %Q%c?uﬁ@efogf‘égdcoﬂﬂﬁ?eé %62&%:6%%% to provide an

accurate i1ndication e detector tenperatur I's"t he key
measur enesurréiiie Sensarstury be TRAERK atwhep | BDARK psethéevsinedatnt erval s
to provid surenents. 40053 The on-board conputer 20

a .t erature ne .
const ant | Je%ﬁ{}gq dategle ¢ e?%?%’?%i F2r¥rPei Beween the current
tenper at uf@0S6I t herie MESIRE & Ea ddrddi &l 6&%&@&%@6&%&&&%@“

recently acquired and also the rate of change o erature.
Dependi ngi biigtieated dofFigheagd®, tRkgwre tharsl aogpapkerof0fsets an
accept ab enperature. The faster_the rate of chan the |I|arger

le delta-
the del ta‘fﬁréﬁgse‘%%{ﬁae'tﬁ&t % 11 b aldowetls s 338, 1 8rdv ki updat i ng t he
dar k speciddfiBevdidpet iMedhdyn! Nend U1 PALAGLARES. Lo, [f eguent|y.

[0054] In normal opé€ration, the on-board conputer ects and anal yzes
a sanpl e ¥peeaasss twigilv &t engpevatyre 30-Nit s cduatdssevefal herdebs aof enper at ur e

Further st T kD s e B tP iU Bam 2800t 41 AGRor f povier to

the high et tagey teandf Righde thd@iEbInexdd nowishingithe pl asma

di schar gerie:i:rghheborssp%cl;[tr otnl‘llaet etrer%geri::tlgrheenvai.lpisattrjtjgrg efstglggq#uilég a new dark
greater. By identifying and then ignoring or masking
these pixels each array can be made to perform as a much
higher quality detector. This is done by categorizing
the individual detector elements into good and bad or so
called "hot" pixels. About 5% of a given CCD array can
generally be categorized as hot pixels. The number and
distribution of hot pixels is different for each CCD
array. Hot pixels typically have higher dark spectrum

{ values tpan goog pixelsﬁ 'Rgsearch‘has uncévex;d two

otherfihteresting and usefui aspects of hot pixel
behavior. First, hot pixels tend to occur in small
contiguous groups, rather than singly. And, hot pixels
tend to get noisier in response to a temperature increase
faster than good pixels. Both of these behaviors can be
seen in Figure 8, which shows dark spectra at several
temperatures from the region of interest for moisture and
niﬁrogen-anél&sis. Note the two regions of hbt pixels
around 326nm and 344nm. These two groups of hot pixels
occur in the baseline region for nitrogen analysis and
may cause problems for the baseline evaluation algorithm.

[0057] For this CCD array, the effect of the hot

pixels on the baseline evaluation for nitrogen can be



spectrum whil e the em ssion source is extinguished. The new dark spectrum
repl aces the previously stored dark spectrum and the current tenperature

( TDARK) i . [ 0055] The on-board computer 20 then turns on the
hi gh volﬁgggﬁ@ngﬁgf ormer 50, thereby,re-establishing t RETUSZOH2MTSchar ge.

The on-board conputer 20 returns to Tornmal operation and begins acquiring
sanpl e spectra WO 2003/004981 PCT/ US2002/ 020775 19 again. The conputer

al so.contdnues; 4 on—._.,ﬁéq mﬁgr  thehe I a 0qT TDARK i's
the value at which’ the Sfat este d&alér%gs%%%ﬁﬁ%mggégﬁéu?rgﬁ&fﬁﬁgﬁ?gﬁe '
pr obl em addurays sedl dmgddievidw ralf appe casdions inl Figheat edcontkigimg 8. Figure

8 is a graph of four, dark ectra -_K J, H. G- at 27, 30,, 330, and 36C,
respectiJgﬁ?ftVQ;Eﬁﬂﬁﬁﬁst$£%@%§é%+%ﬁ#$rﬁ%ﬁ%{%@e%eﬂEPﬁﬁfy Nﬁt%%ﬁses with
temperal Wik IS Auddils SEYOEIR KUADMOTor PLIE! SpelPLaR Yol 1865 exampie
around 326nm and 344nm not only exhibit higher thermal noise than their

nei ghbor slagateheaareupdradine andi 4w, i sespesotvehy.grEhaese. By

i denti fyi d en_ignori,n r maski ng, these pixels, each,array can be
nmade toyp%eysméa%%eﬁé%%d %?gﬁé? Eﬁ%l?‘?f%e‘?’é‘&‘t"g?.o#h?g i B1%% %yby
cat egori zdigrudded i ivli Figluwee 8let eThése ehps@ns Schnke gredbasdibad or so

caIIed'Wun"%égxels. About 5% of a given CCD array can generally be
cat egor i ZBP AR AT APt GoRgralrl the shesbufibnbasehbrepixel s is
di fferent2d@r faskh QP ragEAY. 9 Hotrpi ¢l Sedypi gal hgper dark
spectrum val ues than go%%l pi xel s. . Resea?c% jﬁgs %%%ggégeghggo ot her
.1 nt er esthagelame BT ul s ashelet Bn ofhdotmis xkdn bedaki begibnr st Inhot  pi xel s

(o, L0 OBRUE, Bl o FAOL) SURURL BT N ALEL DRI A Dot
generating a negative area for the nitrogen peak emission
line, instead of the expected zero area. If the hot
pixels (i.e. the upsets) are masked, the second baseline
210 in Figure 9 is generated. Baseline 210 is
statistically a much better fit. Using this baseline
210, the peak area is calculated as zero, as is expected
for this sample.

[0058] Masks are easily generated in software by
analyzing the dark spectrum for ﬁhe array. In effect, a
custoﬁ generatéd éoftwaré mask is cfeated and laid over
the array. The good pixels are unaffected and the bad
pixels are ignored. The operating program implements
this generated mask each time it considers using a pixel
value for either an emission line data point or a
baseline point. Thus, for a pixel fo'be used in an’
analysis, it must be located in the right wavelength
reglon and be a good pixel. | '
[0059] Another feature of the present invention is the
use of Praxair’s microcell sampling system. Praxair’s
microcell sample system is described in U.S. Patent No.
6,043,881. This sample cell has' a minimal volume and no

unswept areas which helps to improve response time. With



faster than good pixels. Both of these behaviors can be seen in Figure 8,
whi ch shows dark spectra at several tenperatures fromthe region of

i nt er est r i re and nitrogen analysis. Note the i f hot
pi xel s é&@ﬁ%gﬁa%%xn1and 344nm Thesezfmo groups of hotkg?Q%S@nﬁaggﬁr in
the baseline region for nitrogen analysis and may cause problems for the
basel i ne evaluation algorithm [0057] For this CCD array, the effect of

e _eval uatjon for nltrogen can be WO
h0031 00adHts RS DstD 3 YERGAE Pon  Eutht AR i ras a8 %RRotar as8hbi i n
Fi gure 9 clangspantssampl @ncebl apgedsutevosf ribgr4£81 REvE Eh oL e 8
contalnlnqrﬂ the two regions of hot pixels described above. Notice the two

upsets int RﬁPQRSEH#Qﬁa%ﬁa%YEQ%%%CF?%Plﬁﬁta §§Oau$ecafedhasouhU6324nn1an
s 1 Sgta )okrlER bUSEL SokprUeSMIBG: 0y L1 Lug ol sy 0 oups o

hot plxels di scussed in Fi
evaluat|dW@ﬁQﬂﬂstﬁﬂﬁpqn@&nExmeean@em@bes the BASEVEEE e ,tghown in

9. di | rent that aseline 200 is hi in the em ssion
glegllir reeglLbse ?Fhr?eglblltc}'y?%‘?ﬁf bARR| fHeCF EELFR sOR nthpelnhelegE HEF BRG al gori t hm

ener at i nghat nﬂglaiws/e:wé a@sé@rtéh@oﬂhééegﬂﬂepﬁgl SSLONn %I ne, instead of
?he expected zero area. |f the hot pixels (i.e fﬂ% upsets) are nmasked,

the secorfPiRSelRHat MIERPLTF tae cuge i of g@nee@mb?itoBas%Jbrmrﬁa’Olmgk _
statisti et f base |ne the peak area is
2131 2 dﬁécéblb el 14 e%.’? 9135 EEOTEER F 508k

cal cul at ero as’ i s expect Masks are
easily geneﬂam&d|remnﬁdsMMN£tgan@b@]qdmp@néme sk §I@W§réﬁﬁi§%efhe array.

array. TSSO b S T fected and the bad oo e the
[0060] The analyzer according to the present invention
is described herein as using an argon gas sample.
However, the analyzer is not limited to use with argon
and can be readily adapted for use with any noble gas,
such as helium and krypton. In addition, analyses of
hydrogen and oxygen sample gases can be accomplished.
Some exemplary impurities that can be analyzed are
nitrogen, moisture and methane. Moisture can be analyzed
in any base gas if an -appropriate membrane is used.
[0061] Another approach enabling the use of longer
integration times is to thermoelectrically cool the CCD
array. Thermoelectric coolers are commercially
available, but add significant cost to the system (almost
doubling the cost) and are bulky. The temperature
compensation approaches described above can also be used
with a cooled array and w1ll yield better detectlon
limits than the use of ‘cooling alone. ' '
[0062] The analyzer can operate over varying sample
inlet pressure ranges. Exemplary ranges span low
pressure 5-50 psig, standard pressure 20-150 psig, and
high pressure 50-350 psig. Different ranges are

available simply by changing the diameter of the critical




pi xel s are ignored. The operating programinplenents this generated mask
each time it considers using a pixel value for either an emssion |ine
data poi r seline point. Thus, for a pixel to be used in_an

anal ysi 3%0?2091@69836 l ocated in the r'?ht wavel engt h r e§CEASIMAORY TS good
pi xel . [0059] Another feature of the z esent invention is the wuse of
Praxair's mcrocell sanpling system Praxair's mcrocell sanple systemis
descri bedgi gy, e . .6,043.881. Thiis sapple cell hasa m ni mal o
vol une an no%%lﬁs:\g\%%tférggg HATER ﬁé%%n%d‘?%%%dr%%ﬁﬁﬁse ERAB. Wth WO
2003/ 004981 theG4AER2E02H0287¢6rrddpbhas beseli agnsval b, op ?gggfi thm

di scussed above, snmal |l chan8es in sanple cell pressure or ? ow at e have

mioni mal  FREPERALRAEe b 4RAryPPRarciBin| Q. 8-BbcRusEhbf thhosght ke sanpl e
t | YSi ' 0. ti d makes
The anal o e vy DR P (o B W Re RPOE e (o

fitting armekyzet ovanthe effectedcopnétivime analyHer ¢HcLHR wSerpl e point
wi t hout the use]eof a regul a}tlor. Elimnating the regulator, that is
nor mal |y & SHti-ed BHR 0| BRe s§RRLKEST  E8Rl el t ¥Rl &t hejh ete oblpenent t hat

sl ows analyizes. rESHARSErbEaeL ! Ben MStnst AW WUpIhe: ARl y58L, according to
the present invention is described herein as ‘using an argon gas sanple.

However, afdhggndktienget linmted to use with argon and can be readily

adapt ed fQjogipe Wit I uch as. helium and krypton. In

addi ti on,_R{amaI yses @Pf%y%?%géﬁgg%r %iy%@onoi%tes g%geé"%aép%%ent

acconpl i simetent iSonthawe nipben ydé sptitbéd ass inatsSewt HEc Ak e 0s @hie

ni t rogen, , noi st yr.e and t hape, Mbi sture can be analyzed 1in any base gas

if an applosHiAte Aembt gﬁ%ri%ljdg%‘a;ative purposes only, and it is

to be understood that changes and variations may be made
without departing from the spirit or scope of the

appended claims.



[ 0061] Anot her approach enabling the use of longer integration tines is to
t hernoel ectrically cool the CCD array. Thernoelectric coolers are

comerci g val | abl e, but add significant cost to the system (al nost
doubl i ng“@é)oy@%@#l and are bul ky. Th? tenperature co ?%08%02&5% oaches
described above can al so be used with a cool ed array and will yield better
detection limts than the use of cooling alone. [0062] The anal yzer can
.operate over varying sanple  inlet pressure ranges. Exenplary ranges span

| ow pressure 5-50 psig, standard pressure 20-150 psig, and high pressure

50- 350 -0+ DA ranges are available sinply by changing the
diarretWplalt is o1 duEl Eﬂmo 2003/ 004981 PCT/.US2002/ 020775 22 flow orifice
in the([o0i6d] fittli.ng deseandigteabdos. PEadlvrmioly tdaes ecarsy esnissmon

correspong% to a sanple flow rate of approximtely 400-2000 cc/ mn '
(0. 8- 4 SBCEHPSEAPIUgIPYHE L8P e cel|. Even a very | ow pressure version of

the analyzer caprpeRifiacied Reidrawong c@ﬂﬂaﬁﬁ‘ﬁfng\/%%@ Wdrp1ea sanpl e
punp on the analyzer vent in relation to the inlet. e mcrocell can
W t hst and of@ratsip@s e ranala@ism conditi ons. [0063] Wiile the preferred

Corm, such desty (BTBEOTOI | 07 BHVA pa g A Ts

'l astrative purposes “on is to
be under st oetildhajasc hahgese and sedrd amiadiys el e ipdei0)wi t hout departi ng
fromthe spirit or, scope of the appended clains., WQ 2003/ 004981

PCT/ US2002/ G¥§fisient W%tpﬁ%dvaeaiané&%‘éze"[%o@ﬁf}l?ﬁl% SOTHISR X Ir

per form ng %qulbsdsergaﬁﬁﬂm
a spectrometer (10) for detecting an emission
spectrum of said low-level emission source, said
spectrometer having a charge coupled device array as a
detector; and
a computer (20) for controlling said analyzer and
for analyzing the emission spectrum detected by said

spectrometer (10).

[ooe5] 2. An analyzer having a charge coupled device
afray based gaseous emission spectrometer (10) and a low-
level emission source for processing emission spectra,’
comprising:
an analytical cell (40) containing a gas sample
for spectrum analysis; said gas sample producing said
low-level emission source;
said charge coupled device array acquiring a dark
spectrum and a sample spectrum from said low-level
emission source; B | |
a computer (20) for subtracting said dark spectrum
from said sample spectrum to obtain a corrected sample
spectrum, determining a baseline for said corrected sample

spectrum, integrating an emission peak area and a baseline



spectroscopy, conprising: an analytical cell (40) containing a gas sanple
for spectrum analysis; a transfornmer (50) for providing a voltage across

sai d gas‘§§g&bﬁmhﬁlsaid anal ytical cell (40) SUffiCien%F&ﬁE&@ﬁﬂﬁigfafor

| ow- | evel "em ssron source from said s sanple; a spec

detecting an emi ssion spectrumof sard | owlevel em ssion source, said
spectroneter having a charge coupled device array as a detector; and a

_ conputer (20) for controlling said, anal yzer .and for analyzing the em ssion
spectrum det ected by said spectronmeter (10). [0065] 2. An anal yzer having

a char ggregupbedafledneEsish M B¥akase§igAS88USaSH! 33-PR SRECHRALLr (10) and
a low | evel enission source for processing em ssion spectra, - conprising:
an anal yPeebrume| supvrctbng asaldgoasghineanpke firom spéct emhsaianysi s;

a paDjcEbhs cbaldgoasghinsanpie  Fohemiaitys
coupl SaPREE; Rear F8 Sk AT Kook Y Sol FRRVBRA B9 RAE BB ruim 1 om

sai d | osréevehto eah Stpor $oyr eencentoapubar (20) for subtracting said dark
spectrum from said sanple spectrumto obtain a corrected sanple spectrum
determ ning a baseline for said corrected sanple spectrum integrating an

en ssi opopeek areg. andrfe bangl yner VR:20PAEAG4B1 FEREYSEIN00ELS 24 area

for an em ssion peak region of” said correctéd sanple spectrum subtracting
sai d ba8el Vherairaséaidnicurtevel sembasipsakoarea tis abtdilenad peak area, and

converting said gfggharge~

[0067] 4. The analyzer according to either claim 1 or

2, wherein said analytical cell (40) is a microcell.

[0068] 5. The analyzer according to either claim 1 or
2, further comprising a fiber-optic cable for coupling the ;
light emitted by said low-level emission source into said

spectrometer (10).

[0069] 6. The analyzer according to either claim 1 or
2, wherein said computer calculates an impurity _ {
concentration for various impurities in said gas sample |

using a calibration curve.

[0070] 7. The analyzer according to either claim 1 or
2, wherein said computer dynamically determines and masks
hot pixels in said charge coupled device detector, so that
the masked‘hot_pixe%s are not used in the spectrum

analysis.

[0071] 8. A method of processing emission spectra from

an analyzer having a charge coupled device array based



area into an inpurity concentration. [0066] 3. The anal yzer according to
either claim1 or 2, wherein said | owlevel em ssion source is a silent

el ectric [0067] 4. The anal yzer according to claim1 or
2, Wwher e.ﬂj s@pﬂ&ﬂ&% ytical cell (40) a mcrocell. 0%% §200$ﬂ?é)7'é§na| yzer
according to either claim1 or 2, fur?her conpri si ng a fi ber optic cable
for coupling the light emtted by said | owl|evel em ssion source into said
spectronet er (10). 10069] ,6_ The anal yzer according to either elaim1l or

2, wherein said 'conputer ‘cal ¢ul ates an i rrpurl ty concentration for various
|rrpur|t e d | o ation curve, [0070] 7. The
anal yzerg %ccor&rdl%lrﬁng E\'t%g'%éllt C%é:l grfé %no? tﬁvﬁ] Jg?Yﬁ ﬁa?f&lﬁ i"r‘BBter

dynam calourcagt eromprgss iaed mmslstep}mtoﬂzl er s in said charge coupled device
detector, so that the nmasked hot.pixels are not used in the spectrum

anal ysis. [0071] @CWiFMpd &R &@é@ﬁilﬁﬂ“ eiras| emidpelkargef rom an

anal yzer havidg .?3 YA P YHed, devi ce array based WO 2003/ 004981

PCT/ US2002/ 020775 25 gaseous e i'ssi on spectroneter and a | ow | evel

eni ssi on source, aESMAAHISING tdw;ﬁieeweﬁtrmmqmcﬁm ngjabd daok-peellr um from

said charge _caqupl.ed device arr.a |r| a sa spectrum from sai d

| owl evel e S&?%&?r”&é:%é"isrﬁygs agr.gg rg:’ne%e P¥tCCarray, said

| ow-1 evel enaggiag) SRUICQ dIeIIRG Y @M%%ior{ 80 PcdaSe $ Bollicel

anal ytical cell; subtractin Rg_ sai d dark spectrumfrom said sanple spectrum

to obtain a &GP SRS ARNRLS gec@rymnalytical cell;

subtracting said dark spectrum from said sample

spectrum to obtain a corrected sample spectrum;

determining a baseline for said corrected sample
spectrum;

integrating an emission peak area and a baseline
area for an emission peak region of said corrected
sample spectrum;

subtracting said baseline area from said emission
peak area to obtain a peak area; and

converting said peak area into an impurity

concentration. : ' _ i

[0072] 9. A method of processing emission spectra,
comprising the steps of:
containing a gas sample for spectrum analysis in
an analytical cell;
providing a voltage across said gas sample in
said qnalytiqal cell sufficient to produce a low-level
" emission source from said gas sample;
detecting an emission spectrum of said low-level
emission source using a spectrometer having a charge

coupled device array as a detector; and



determ ning a baseline for said corrected sanple spectrum integrating an
em ssion peak area and a baseline area for an em ssion peak region of said

correcte S bfpgpPect rum subtracting said baseline ar éﬁ' j
enissionqwgea area to obtain a peak ea; and convertiﬁgﬁ‘ zﬁﬂgégtgarea

into an inpurity concentration. [007 9. A nethod of processing enission
spectra, conprising the steps of: containing a gas sanple for spectrum
analysis in ,an analytical cell; providing . a voltage across said gas sanple
in said analytical cell sufficient to produce a |lowlevel em ssion source

fromsaid gas sampli1dahRPtin0 £ GP! SPecPEGhT HOLaLsal fy! Quslievel

em ssi on source using a spectroneter having a charge coupleg Vi'ce array
as a det ect oSPegtFometE303/ 004981 PCT/ US2002/ 020775 26 anal yzing the

em ssion spectrum detected by said spectroneter. [0073] 10. The net hod

according to claim7 or 8 wherein said | owlevel em ssion source is a

silent dloed3]i c didschatge metott |addordiveg "ed heta ggcprgding to claim7 or
8, wherein said gnalytical cell is a mcrocell. [0075] 12. The nethod
accor di WGEE1T Sohdy 1o devalhamdission i prureptie 2adibenbuplestthe |ight
emttedghgchedia@ | ow-| evel em ssion source into the gaseous emni ssion
spectroneter. [0076] 13. The nethod according to claim7 or 8,

[0074] 11. The method according to claim 7 or 8,

wherein said analytical cell is a microcell.

[0075] 12. The method according to claim 7 or 8,
wherein a fiber-optic cable couples the light emitted by
said low-level emission source into the gaseous emission

spectrometer.

[0076] 13. The method according to claim 7 or 8,
wherein said converting step calculates said impurity
concentration .for various impurities in said gas sample

i

using a calibration curve. i

[0077] 14. The method according to claim 7 or 8,

wherein said dark spectrum represents thermal noise from

said charge coupled device array.

[0078]  15. The method according to claim 7 or 8,
wherein the dgrk spectrum acquiring step acquires, said dark

spectrum by meaéuring the output of said charge coupled

device array without incident light.

[0079] 16. The method according to claim 7 or 8,

wherein the dark spectrum acquiring step acquires said dark



wherein said converting step calculates said inpurity concentration: for
various inpurities in said gas sanple wusing a calibration curve. [0077]

14. The rding to claim?7 or 8  wherein said r m
represenS@BEﬂgpﬁéﬁpnoise from said cgprge coupl ed devigg%gﬁ?égﬁg%%g78] 15.
The met hod according to claim7 or 8, wherein the dark spectrum acquiring
step acquires, said dark spectrum by neasuring the output of said charge
cqupled device array w thout incident light. [0079]. 16. The nethod
according to claim?7 or 8 wherein the dark spectrum acquiring step

acqui r gSe S8k dFh&n V6h 280308498 heRel/ 32U D20 Hradetleafiddd Um when sai d

spectroneter exceeds a predetermned tenperature change fromthe

t enper hemperatunhi change fapk theetempansdsineastt adyialy ddhe [090] 17. The
met hod_accprdin o,¢laimyZ or. 8 wherein the determ ned best baseline -
st ep d?ﬁﬁﬁ?ﬁﬁ?lga%a%ég% ﬁSﬁ“%F%%rs in said charge coupl ed device array, so
that the masked hot pixels are not used in the spectrum anal ysis. |

[0080] 17. The method according to claim 7 or 8,
wherein the determined best baseline step dynamically masks
hot pixels in said charge coupled device array, so that the

masked hot pixels are not used in the spectrum analysis.



