WO 03/ 004981 PCT/ US02/ 20775 EM SSI ON SPECTROVETER HAVI NG CHARGE COUPLED
DEVI CE DETECTOR Field of the Invention [0001] The present invention

rel at es gemegabkdgit o an anal yzer having a charge coupl ed mayisye2based

em ssion spectrometer for ultra-high purity gas analysis. Background of
the Invention [0002] For many years, gaseous em ssion spectroscopy has
been used for the ana .g., US. Patent No.
3,032,654). A conmonlsy -wﬂ-' St SH af echnique is a

| ow- energy argon pl asns, WMI ectric discharge (SED).

This technol ogy has inproved over the years to lower the

|imt-of-getgct i@ O LR +Sigpgl € digit parts-per- billion (ppb) |evels;
for exarrph,r—t%f'n—crug'h—rhe—us—e—g& el ectro-optical nodul ati on (see, e.g.,
U S. Paterto00d] 5, 412 #6Esenfurinventiiopr oedreetss gemesaniplye teelan desi gn,
el ectronics, .and the mcropr cessor_ pl % tformhave led to ,the current

generat i o B Y5 Ec PISEGp iFe AR, &8P Lefle devihte P S5 MicE 168 usi ng

nul tiple Q% ta3d Rt hadlra-fHildre it rald 0w of ematiie isd.nul t aneous
analysis of nultiple inpurities if suitable em ssion wavel engths can be
found. [0003] The block diagramin Figure 1A shows the em ssion and

det ecti on syst i Zt%% I'ﬁv%%'%’l%%t' on wth early analyzers that perform
convent i om—m——speﬁ-rﬁstﬁpr mlarly, Figure 1B is a block

di agram f[@r00£2]st at exoaf wiahg- @retar&nalgyaserouﬂemgmsd&im@p@c&ms@opqpt iC

nmodul ati on, descri bed mgﬁﬁs tent No. 5,412 467. In both types of

syst ens, glah? FolUSaGe ysfsp%%t&qqe@htlns&ﬂg@é‘ A5€6nt ai ning a
gaseous sapl.e tode P%&@Inﬂ%. H®323%8% )ar € pexSk®Hh18Y 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 generation of spectroscopic analyzers. The
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. Similarly, Figure 1B is a block diagram
for a state-of-the-art analyzer design using electro-
optic modulation, as described in U.S. Patent No.
5,412,467. 1In 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



the voltage to produce optical em ssion lines (an WO 03/004981
PCT/ US02/ 20775 2 in the sanple. Narrow bandpass optical filters 3 isolate

t he strongesdsesssi on | ine corresponding to each i npuri tpaT/US02/20775
Photomul tipliers (PMIs) 5 convert thealight output fromeach inpurity to a
current which is anplified by a frequency selective anplifier, either a
fixed anplifier 6a as in Figure 1A or a tuned anplifier 6b as in Figure
1B, and readout 7. The conventional system uses ,a chopper wheel 4 to

interrupt i(or HOMRNR). t he rddwiMar®dhe JPVh.cAherigasrd he ielacttlo- opti c
modul ation systemuses a frequency doubler 8 and variable frequency
osci | | at oith® ts¢ nesdisisdt €mtiss JongHtlnep ady& sPVMPNJIigED4]C Beddat e, each

generatio f i SSi r. t ar, det. i on schene.
The em Sg_lm ﬁlrﬁ@ € 0 Oﬁyﬁ%&%ﬁf%ﬁ h(i njgr}essf%logwiceso: a{ eed%bl%%tta narr ow
bandpass epttmal ffridnt efacind ngamient ed t0 canrrelrectwhical isd gmadl itfire@ugh t he
use of a photormultiplier tube. The PMI has been the detector of choice for

NuNer ous :?Q’plai_ d%rrﬁ%?élqyn s!eé\ﬁqtii@’fﬁ IRt I§FectSiadSIpy? duieged o the inherent
hi gh el ecta@niic g8l hpessiikl eithruah thie 5 useif dufie iRMEr lgh addition to
sensitivity, the PMI is also rugged, reliable, lowcost, and stable over

| ong perilod$Figfuns s, Fnekseead®utnport dite atarridnitienatherystesed in a

conti nuous- use aapc%d i caeti on, such .as .er_‘Ei SSi O:;JE[ (sooect rcpuslcaocp%/)i. tIfllowever, PMTs

do pose séVéral pr obiFerms G n 4usteod a5 détect or's for- em s¢i on espect roscopy.

PMIs ar e lcoymarat itrel yMTar genrdandaces dhe tadayt o -sdaidantdsiuladrdn cul arly
when several PMIs nust be used in a single analyzer. Although PMIs are | ow
cost, the MPRFYHAGY P FHEIGR DRSS 9 9815 VA ahite §BIE™aY y when

sever al 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 the
use of the PMT. 1In addition to sensitivity, the PMT is
also rugged, reliable, low cost, and stable over long
periods of time. These are important attributes when
used in a continuocus-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,
particularly when several PMTs must be used in a single
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



filters are needed. Mreover, the narrow bandpass filters, which isolate
the em ssion line of interest for a given inpurity, also prevent

eval uat i owgadfs/dokgr WO 03/ 004981 PCT/ US02/ 20775 3 anal ysi s.pc1l@0bd773he
background light level at the inpurity em ssion wavel ength of interest can
change for a variety of reasons, such as changes in tenperature, sanple
gas pressure, excitation conditions, or other inpurities entering the
discharge. It is extrenmely difficult to distinguish background Iight |evel
shifts fremsa,ahanging concentration of the inpurity of interest when only
the emssionintensity at the wavelength of interest is known. Shifts in
backgr oundololoéﬂt | evdle dp@nﬂqg@fgyumd ilrighﬁr disverks ali tthel dARUTEm basel i ne
drift, nonI I caI | tilr at |t%n and cros% sensitivi ty | t her

i npuriti est hese are “a T gser i ous pr (§b|St 53 angtter?ﬁt |ang tr&e%é{rfor m

inpurity afalrgsis®nen |smjpiu1r ialsl @hangfelsh lmiea%m@%&%mﬁe n stah@lléargfa% per
billion. [0006] Figure 2 illustrates the probleminherent in wusing the PMI
and opt i c&FSESYEEr  SFIFEEH ONFiceide A onshoRg Sithegnildeiugrd tdssct ra I abel ed

A-F, that J1.@3peely vely 9iGH-63R0Nd 140 186 ¢ 36.c138, %ﬁff%c%m @ oPpb

concentrations of noisture (Water vapor) in an argon sanple gas. Each
spectrum sih@\mntgrmesmgza@rkg@rfowkﬂe lulgfnrta\lle(yleét S(hul\i’)ts oot raumhwhgriegbot h
noi sture and ni trogen ha\L/erG,}C characteri sti ssion |ines. % et hat the

addition "I SEUrE AN Ca PPEE Y e | ?é:ﬁs e "Fiegh ey

parti cul ar sisi dhhe ntegisar iz tt héieS Reetel eig:333380r™Ere stherse nitrogen
characteri stl cally emts. If a PMI and_optical filter are used, this

i ncreased n@@ﬁt | ShalftEoding background light level can 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. Figure 2
shows six emission spectra labeled A-F; that respectively
correspond to 86, 56, 38, 25, 9 and 0 ppb concentrations
of moisture (water vapor) in an argon sample gas. Each
spectrum shows the region of the ultraviolet (UV)
spectrum where both moisture and nitrogen have
characteristic emission lines. Note that the addition of
molsture 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



be interpreted as comng froma nitrogen inpurity, resulting in an
erroneously high concentration of nitrogen being reported. However, if the

basel i ne Wighloosdsgvel shift is evaluated properly, the fagictiiab 2005
nitrogen em ssion peak is present cangbe correctly W 03/004981

PCT/ US02/ 20775 4 actually zero. The sanme argunent applies to baseline
shifts due to other factors, as nentioned above, which show up as noise
and drift in the analytical results if not taken into account. Two

appr oacheschavg1heesropr opesedate addiesstt Appprell em ohsehangi ng basel ine
light level. [0007] First, a separate PMI detector can be dedicated to

det er ni ni AGLERE BaselirneterirsSpshorisghts| BealtirarRepbokan wadalhyzi ng for an
| mpurity. SERLSubS 2d0R8sRY GRAONNAG: 3.N2L0YH030dRASS T Agt S hat Tsolates

a wavel engt regron of the sanple gas emssion-“spectrumclose to, but not
i ncl udi ngnotheakppuinty ewicssinan | Twes apbrioatkreeshavelecanal yzer then uses

the ratio of the signal fromthe PM _neasuring the inpurity em ssion and
the si gnaP*PPBAFIt k& BRFTRSS £8F R CPHETHRSeFPREIITHI £3853r8&ch el i i nat es
many of thegprobkeas of the baseline emission light Ievel. However, this
technique iS nore conplicated and requires either an additional PMI and
optical filPPEF] or Hireducei esriematke PHUnBetestonpan bicedeghicafredan be

the. non | RBaf Py I ChY S5 BrACLGR SeaPyEar™t Reohhnary e 4Pk Fompensal ed

for mat hemabhcahbyyzThe Zppl beatim@nrafysuclrhascakr eehico®yt @heagh nighpurity

analysis is inplenented as part of the operating program
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 impurities 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 characterized from previous
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



of the analyzer. However, this approach is only possible if the
nonlinearity is well characterized from previous experinental work. [0009]
The abi | i two @foowsghar ge coupl ed device (CCD) array to easidiyy@vahuyate the
entire region of the spectrumof intgrest makes theman attractive
detector choice for a nunber of spectroscopic nethods. CCD arrays WO

03/ 004981 PCT/US02/ 20775 5 filters for spectroscopic applications for a
nunber of years and small, |owcost, comrercial units are available. The

best knowsiyrihs ate upedthelsdRductinpaliva Gy &t Plasimmdd CRr em ssion
spectroscopy. These applications are well understood, but involve the use
of very yregssendnisgeildn sowrwest t ool lCmgit sniadicowave  sour ces.

These em ssi_Q urce re far .nore intens n re _energeti.c t-han the
| ow | evel %€ lsﬂsai%grel'sogrh%eg)eﬁ% éiélgwner%%s}gﬁ%o%rgengﬂsfrzge)r%r F%’&%ﬁttl%ﬁ%@gr rays
consi st okocapladr ayaehadgiiert)ornigisdm@ntsphqiinalpy .eadheafe Which is a
phot odi ode. _However, CCDs |ack the inherent high gain capability of a

PMI. I n t RPRLIESSEONS PRE Hisdel $ma SHaes piotlographie 19 MSLS&W 1 i ght
| mages Canchy GARLMLRM il Jr0RGRI:c Il GGFAION f TS o Al duikre | ONg

exposure time is used w a conventional” canera. However, 1ong
i nt egr ati eourceses Whesen eaigsdloine maurtterse@tr & € CCOwcare dyssensse gt cal | ed

dark or thernal noi se. If,C an array is.l evft ien . co.rg)l ete qcarsk_ness Sit Wi |
gener at e A GEETHOISE SHgnat & Tha i & Ve o PP 1Ty Bt
integrati @mislsiide aneikerperature. Managing this changing noise signature
is key to using this technol ogy when low intensity sources are to be
detected.[°°1°% CCD arrays consist of an array ‘of detector
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 function primarily of integration
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 normally use 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



[ 0011] Because of this dark noise problem a brighter em ssion is needed
fromthe inpurity of interest in order to generate a useable signal from
t he CCD awioysodeisgct or. Heretofore, applications that norpgallsozdees! ow
light |evel em ssion sources with a PNT detector, such as gaseous eni ssion
spectroscopy, have required a brighter em ssion source if a CCD detector
is to be used. Generally, a nmuch nore conplicated power source is needed
to achieve this brighter em ssion. This can WO 03/004981 PCT/ US02/ 20775 6
the anal yzek. 28012k Therefore, a need exists for an analyzer, such as a

gaseous em ssion Spectroneter, having a CCD detector array that uses a
simpl e | oWO0ilglt | eddlereficssi-on $eGcexisdigc ogs 3 FiNadmzedl, e Stucihc
di schar ge.‘asdgxJ %%ts%o%fs tepne_les %%ntslp%r?:t[r%%]eglerl t h'a%zitn e.raef(‘fyDe d%'%e%tyo%(:t of the
present invention to provide an“inproved gdseous €m ssion spectfoneter.
[0014] It airsay frhsttherseebjzectinpll d Newpndsgnt lisweantsndz sitom pefifreen gaseous
em ssi on spectroscopy using.a |low |evel em ssion source and a CCD detector
array. [O0GESE PE Ps Sdnstfer 1Gtedtc SHshéPesent invention to produce a
smal |, | owcost, rugged anal yzer for perform ng gaseous eni ssion
spectroscopy. [0016] Ot her objects and advantages of the invention wll in
part be oPbjewssawd whd Tnvepdritorbe apparent from the specification and
t he draw ummary of the |Invention [Q017] To.attain the above-nentioned
obj ect s, [t%znﬁnventli%or%sprtg\%r& S an aélnéj{b zeechC g(r)t%leer Pgrer%eﬁlgc gaseous
invention to provide an improved gaseous emission

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 drawings.

Summary of the Invention

[0017] To attain the above-mentioned objects, the
invention provides an analyzer for performing gaseous
emlission spectroscopy. The analyzer has an analytical
cell containing a gas sample for spectrum analysis. The
analytical cell is preferably a microcell. A transformer
provides a voltage to the gas sample 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



em ssion spectroscopy. The anal yzer has an analytical cell containing a
gas sanple for spectrum analysis. The analytical cell is preferably a

m crocel | wohsloogdsf or mer provides a voltage to the gas saggmlgsorAct7be
anal ytical cell sufficient to produce a | ow|evel em ssion source from

the gas sanple. The low1level em ssion source can be a silent electric
di scharge. A spectroneter then detects the em ssion spectrumfromthe
| ow | evel em ssion source... The spectronmeter uses a charge coupl ed device

WO 03/ 0049831 RPCELUSRY 20662557 taBakyz ek iand speeeess e «eiesiShbgn spectrum
detected b% the spectroneter. The conputer subtracts a dark spectrum
represent CR§ EREFfEPTESIEFe f LHM CREPERELgE UPSHRICES dedicd& SPecEesr from

the e”iSSEQErEBQEE&ﬁg‘tﬁ@%m%ﬁ”B%'%% #h30 t48esnd GAl IRLAhlan ynye t

0
cal cul ate an i npuri concentration for various rrnpurities in the gas
sanpl e. Adkikbketoapttiromc ablee eird sysed tpecaupie tMad icghiouerirt tédo from t he
| ow- 1 evel em ssion_source into theangéh%o ter. This analyzer can be used

to anal yz&5&n Gl CR&LRTGA 108 Sy Vey I_aﬁﬁo@PdéH@F6?Fﬁé anal ytical cel
in a conti-pyedstiheWonl 3818k Anehken neabadiiarnt nof HhgasnwaRiiien is an
anal yzer wherein the spectroneter generates an initial" dark spectrum and
t he conpufefisgbtratts chélienilsi alsedatk cop@der tiinef lamhdachidiiessi on
spectrum 1 A.further .e di_nment of the.invention is.an nal yzer
wherein tﬁ%ggoﬁ%ﬁt%Pwn%%%F&rs qﬁélﬁgnﬁenggréngP t%ﬁe §E§ggpgﬁefgf and
control s rhesspeefifcret eant de gerer abe aan lypaated udarks-spect pumivgen a
predeterm ned tenperature change occurs. The _conputer then subtracts the
updat ed d&4fR §6@€@FuﬁFPW&ﬁﬁﬁh§oeﬁp§s?8ﬁ1§§é€ﬁﬁuﬁ@ll in-a

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. The computer 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 object,
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



[ 0020] A further enbodi nent of the invention is an analyzer wherein the
conputer dynam cally determ nes and mnmasks hot pixels in the charge coupled
devi ce detwerdsmoqos1 SO that the masked hot pixels are not usgedidnbies
spectrum anal ysis. [0021] To further gttain the above-nentioned object,

the invention al so provides a nethod of processing em ssion spectra from
an anal yzer having a charge coupled device array based gaseous em ssion
spectroneter and a |owlevel em ssion source. The nmethod first acquires a

dar k SDEC&6H§1 HOHE§E@eCQ§E9§ CO@HEeeaQQVbﬁéce&h%y1sTEb§uW@b@3£904981
PCT/ US02/ 20775 8 coupl ed device array. The dark spectrumis acquired by

neasuringmeheuomnputh@fouheuthafgeheogbaededé@uééedrd@ylow elfgaty i nci dent
light. A sa | e sg trunklﬁl @gU|r d fr§n1thgckgmf gve Ceg153|on source
using the"thargs ¢BGpredtaavP AMPLS PERCTEVE 1EnTSS3ASour ce i s
produced frein ahgasosampkeli @maesaaal ybueak celihg the cdarkespectrumis
subtracted fromthe sanple spectrumto obtain a corrected sanple spectrum

A basel i necVBleRefAeViEteprirA&d f RSt REVCOPVEEt BHLSSAPNe SOPEEEr ki Next, the
em ssi on Bfahugeg basgl Lngaar eas &@rlhhgneghaiyeacaga%elﬁegl@R eOf the

corrected sanple spectrumare In egra e The baseline area Is subtracted
fromthe darssspacpeak iar eabtoacbed irampéak arealeThpscpeak &oea is then
converted %Qto an | url%épconce tration. This onv3r5|on u

calibratiBREEAPVE POCEAFEERasETPRE SOPRPEFIty BoRGSRLIBE off EGF™vari ous

i mpuritieget8rhifcgagorsanpl eorfBetkoWshepek epessir-om.SoMese i snpref erably
a silent electric discharge. The analytical cell is preferably a

m crocel | EMASEipBr PEPKi enclabpecilingsagepgs Tor the emission peak

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
preferably 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



couple the light emtted by the | ow | evel em ssion source into the
spectroneter. This nethod can be used to analyze an ultra-high purity gas

sanpl e prong @dadsdsp the analytical cell in a continuous flgwudoeRedk
Anot her enbodi ment of the invention i9 a nethod wherein the dark spectrum

acquiring step acquires the dark spectrum when the spectroneter exceeds a
predeterm ned tenperature change fromthe tenperature at which the dark
spectrum was | ast acquired. [0023] A further enbodi nent of the invention is

a met hodnwhengied tihe tthar kpepRectiumrsubigiact ing step determ nes and
dynam cal | y masks hot pixels in the charge WO 03/004981 PCT/ US02/20775 9
not used i[AORKHE spedPrum &Iy siosp edEAnd=gts tandsre ednpihét e under st andi ng

of the i [ r ef i tqQ t f ol l.qw I.pti and
accorrpany?#%g ;tg\%nhgg,eeqe?é\?\%ec%:S%%OF&EIU% g&@%@%@d %%%;Clrrgtpst%srﬁnem bl ock
di agrans aehd accompentiionaldremissjson ispediiradscopy system and an
el ectro-optical nodul.ation em ssion _spectroscop ystem, respectively;
[0026] Fi ngégi i's &GP of ﬁ&dsgx% @.r@nﬁys%ﬁr%a X 3&@&%%% ng a
basel i ne ghicbhvinttibe Nl WA%eN RMpUMod&Y Py JRA2Endigure 3 is a bl ock
di agram of an anal yzer wusing a based enmissi'on spectroneter according
to a preféercddoewbddiornmosiulitid qur egdms iaw emaairoJOe28]syEitgme 4 is a
fl owmchart _show S,%thg}ie process of analyzing a sanple spectrumfor a single
i

i mpurity; re[sgﬁf é’dr es 5A-5C are graphs show ng an exanple of dark
spectrum Joloeact i omiacees & A 20 driwProatess sshiwtronly emission

spectra showing a baseline shift in the nitrogen emission
region;

[0027] 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 of the dark spectrum as a
function of temperature illustrating hot pixel regions;
and

[0033] Figure 9 is a graph showing the effect of hot

pixels on baseline evaluation.



in Figure 4; [0030] Figure 6 is a graph showi ng an exanple of baseline
eval uation according to the process shown in Figure 4; [0031] Figure 7 is
a cal i br atyigogypewgye for use in converting the em ssion pagg/@deeari7?d® an
impurity concentration, in accordancee wth Step S70 of Figure 4; [0032]
Figure 8 is a graph of the dark spectrumas a function of tenperature
illustrating hot pixel regions; and [0033] Figure 9 is a graph show ng the
effect of hot pixels on baseline evaluation. WO 03/004981 PCT/ US02/ 20775
10 [0034] [blosanr ef erted perEFadi RN tsnRfd 1ile tapRAT athks a3 raRish@gigaccor di ng
to the present invention will be described with reference to the

acconpany ing§ hedawicegs A1 N0 ¢35t hRe foaresiend tigvEinguioar ¥1ild Hleock di agram of an
exenpl ary I r i geéfcé‘CDarr y sed enm ssion_ spectr.oneter, which is
t he pref efi%g%ré%n%gdi%%%t 5 trﬁélcep%gste%%te i(‘jjr?vcerrﬁ)l ol ,migs dgfﬁ(‘)”v%ﬁl.gsd cour se,

ot her corbiog®]at i oke fefr rélremernt Fiealeco\d, NG e CCRiargray: aset en ssion
spectroneter nmay al so he used. The anal yzer shown in Figure 3 includes a
spect r oneC&LTPG.2 Ty 2ER-WFET Y Sddvp &t é:IC]Z;Z/@,rra’W BFN6y SHiEdigi tal interface

30, an anglydi caletesl | 1 AQ.crd i 3R e 3Qqg %nFHo%l'lgrfeWt”%rf i mary

i nput / out put nodul e 60, a power entry nodule 70, and a DC power supply 80.
[ 0036] Dupiregecoperiatvieortica,gds saupine t @bhecanaleyzedhars pl aced in the

anal ytical_cell 40. .A preferred s le _system.is t Praxair _m crocell
oscti bed eIt Hsa0sh S ST SHP ISl SGRatld RALonh PR SFet or ence.
The 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 the simple microcell sample system are
discussed 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 the heart of the system
and is described below in more detail. The spectrometer
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 1link 100. The on-board computer 20 runs an

operating program that controls the analyzer. Spectra



advant ages of the sinple mcrocell sanple systemare discussed bel ow. The
transfornmer 50 supplies a voltage to the analytical cell 40 sufficient to

produce a\,d(p(yg/m@gflfrg% | ow intensity plasma di scharge frompdig93s75Sampl e.
A fiber-optic cable 90 transfers the |jght from the em ssion source (i.e.

the gas sanple) fromthe analytical cell 40 to the spectroneter 10. This
CCD array based spectroneter 10 is the heart of the system and is
described below in nore detail. The spectroneter 10 determni nes the

spectrum Enﬁ(hgﬁ%mttot ‘%\‘i}ﬁ! l69Nt0a TRE coRREELrOmRE er 71 %%ib%éﬁgi’g' | internal

conput er (not shown) i ch communicates wth the on-boar nputer 20

t hrough @&ospuitalr RiOnkni0§.zeFhéhen-ibcand ngompeicdra2@ncdurnsrarerteper at i ng
programthat contrqls tilhe anal yzer. S%%%t r%.V\O Q3/.004981 PCT/ US02/ 20775 11
link 100 8%t RELSF168ard ESnpUter 96 35 Boar'd % r 20 anal yzes

t he i nconmcog reReehta ndn e oc @A LS morke 1apugSitar sl iResHat@ngarcent rati on
information corresponding to one or nore inpurities in the sanple gas.
The on- bo&R& -cofpeat en-Poarec soves tear Lougeardlveg vard odiss retleg

i nput s/ out.put ;. n. i i t i.t her raugh _t hese
ourput s, - SR PLREE R0 ERITHNARY Wi SBn ST RiERE o i 8 258 23ac
port). | nuskactitiest tofrculyd mbedleesusipows,i o rFipgufe r3digyehsenighl port

connections. O course, _Universal Serial Bus US%% connections, or any
g

ot her net RodSTEGt FiERkitrg COBREGHeRts (S iSnel ddi & BOFf albus

archi tect ypermayche emheyedodulRe SREGH ARELEeLuST LB 3N Al SO receive
and carry out a predetermned [imted set of i'nstructions. In this manner

t he on- bo&ed tcowpaesit i20scan Cdoworgiscandigegisvd Sgatialf Fon t(FEB)

SpeCtrOne%%%n%%ﬂ@d%@?u%rh%%&n%t%%rc %%%%hs 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. 1In 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
transformer 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 off two mirrors and a
reflective grating, the light is dispersed onto the 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



the detailed operations and internal timng of the spectroneter 10. The
transformer primary I/O nodule 60 allows the on-board conputer
control tW\e o3doksdpsformer 50 and turn the di scharge on ancd@ifsedsorrs

necessary. This is critical for management of the dark spectrum which is

di scussed |l ater. [0037] The spectroneter 10 conprises a snall

20 to

handhel d

optical bench and CCD detector. The light fromthe em ssion source is
reflecting off

brought into an entrance slit of the optical bench. After

two nirropgsandca Jreflhectipe iatat ighht dedd ehteHis, dirpersed,

ontegr the CCD

array. The CCD is preferably a linear array of 2,048 photodiode detector
el enent s. CRaéRederédicar Céllearay rtesdinpds diieghtmacbiree I ¥Ryl ta a narr ow
wavel engt Iae_rsgl}%%_ (on the order of 2nm. The incident wavel ength on each

phot odi ode 'S

eterm ned by the resolution of the WO 03/004981

PCT/ US02/ 20038] 12 pod fbaeredfspcus repedidrsc phetrediadenaddiiny he array. O
course, other _CCD array technol ogi es nay be enployed as desired. [0038]
LEPYerars

CCD based 2Jpe:

¢ ardhtirehd alqqrPastai 134 & Wi %hr e 19 ght wei ght ,

compact, 2Bed;rH998en hA t1CANLRGE 1O Wik fihe s | pidLaiepench, these

CCD arrays Can cover a conplete spectrumof 200nmto 800nm

Thi s region

enconpassesrelye fcan asveredr agmprlaticolsgrectithven odorddlGatre bad AWl . and a

smal | portion of the near _infrar region of the electro eti
;00391 To o EPe e SerRane o G Hitto S e T

in the arcayplakkernatiiviel,y andekersed It as idmpioelthd siensmal |
sem conductor material connected.in parallel to a small charged

infrared region of the electromagnetic spectrum.

[0039] To convert the incident light into an

spect rum
t(ileeach di ode

area of

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.

[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. In this



capacitor. As photons strike the sem conductor material, electron hole
pairs are forned which mgrate to the opposite plates of the capacitor,

causi ng itvgd@ekw y discharge. After a predeterm ned ti me(isoe2088
integration tine), the COD s electronixs 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 nunber of photons incident on the photodi ode during

the integpationet k@ A RlQtefed he, amunt @f harige dcident on each
phot odi ode during an integration period versus wavel ength reveals the
spect rum éEavieag éfies sihorttesuoren [B046] andapeamd fadcttams.s tie t ot al
anount of _. light incident on e t Qdi_0 ri. the integration tine.
Because tﬁgge% fﬂgdg%yér ghlenggge%g%%%oc %visc%;%,n%gﬁ%q’q‘écﬁ{]ic\?ﬁ br%ttern of the
phot ons i Smyiiorear twawedn Wiy tthd ow dtrdenddrdierendfs direi denfrqahatyons i s
inportant. In this WD 03/004981 PCT/US02/20775 13 picture can be captured
in low | i gRCTESFANG FAE By L9BAHTRG tHESshuttdeVsden ™ 9@ Fer period of

time. In jtheisans Way.Hhe SRR &R Sensitivity can be inproved
when using a low intensity em ssion source by increasing the integration

time. Howd@@idlltwo fFdatsdr,s thactintedyatiiton Renentegmatt dre t9arg.onfo0041]
First, the_inteqgration t.i.ne cannot be so | on t.hat t.he, capaci tors of one
or ot e oE P e, FE AL X G1S, o TS S i i e BBt | on
tinme. WiegudlCcapachoigdeenivasd WHey iditsehanded w@nsat unaidrom condition

is reached and the diodes are unable to respond to further incident
phot ons dEPPAGLRE PeFamfderf gl K- scharged, a saturation -

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 signature. This thermal noise,
sometimes referred to as the dark spectrum, worsens at
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 emission 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



integration period. Therefore, it is not possible to determ ne differences
in signal |evel for those pixels that have reached saturation. [00421 O

greater courcglodsdsy the thermal noi se generated by the CChp@Emtay2017E an
array is left in conplete darkness, i4 wll still generate a

characteristic noise signature. This thermal noise, sonetines referred to
as the dark spectrum worsens at higher tenperatures and | onger
integration tines. Managing this tenperature-dependent dark spectrumis

key to usiigarECR ahicays tWel BtlpW iHdLASiddy tMg@sicamtgour ces, which
require longer integration tines. The present invention addresses the
probl ens CRREEEH LA opa AaFiorga tiieins far b Sectleummpsi tiiat fCcobs acan be
practi cal | d i th | i nsi erd.ssi, 0 ur, - J Q04 referring
to Figur esé,n %geéf °6) %ra%r ts%:gsc tsr}hlgl\m T eepi@é%i%lr?g%tt%% psﬁ ?(S:elsssc%\%hgrcgbggwa%

anal yzer eonstrkucpedtrim deoar dare & wayh Hdte rer efrer idd serpodi nent anal yzes
a spectrumfor inpurities_ in a gas samle. This process _corrects the

spect r um §at&Ped 9&cdSuRts tebl e danallyzér® $TROXIAFo49E1 BBETABSH2/ 20775 14

Figure 4 %:&%‘é{%rhﬁe_t%t 8RS JRAUINLd {Q rGERSIRLE v GRRCERfALion information
for a single inmpurity froma single sanple spectrum The first step S10 is

to acqui r éntggdaitk ospédimeumsf tdva s serquay thefampd e Isegitasma oxditdehar ge i s

established. 1t i.s_inpartant for. .the dctarﬁ]krkspe%trumto be acqui_red using
€

exactly tﬁgrgg%loinn é“ﬁ&rcaetc%ugr? twilrgréL as 1 sUbsec?uélr?ttes?aﬁp oge$péc a, or the

correcti onspbecedise tiel lchrotaoveirk.stAssnetfed bk tdpies-t riusn beeause t he

characteristics of the dark spectrumare in part a function of integration

time. As dilsfgesed 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
5B shows an exemplary sample spectrum acquired with the
same integration time as the dark spectrum shown in
Figure 5A. Figure 5B is a sample spgctrum for an argon
gas stream containing 30 ppb of moisture impurity. In
step $30, 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 moisture
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



previously, the dark spectrumis obtained by neasuring the CCD output when
no light is incident on the array. An exenplary dark spectrumis shown in

Fi gure 5AydNGRBosi e dark spectrumis acquired and stored,pdygfpshgpky i n
t he on-board conputer 20, the plasma ¢§ scharge is ignited an tﬁe sanpl e

spectrumis acquired (Step S20). Figure 5B shows an exenplary sanple
spectrumacquired with the sane integration tine as the dark spectrum
shown in Figure 5A. Figure 5B is a sanple spectrumfor an argon gas

Strean]COQE?hthghgoeBEQS?EnnpégkuﬁﬁtEnEHEggyg&bﬂon%}epTﬁgg’Eghe dar k

spectrum value i s now subtrac on a pixel- pi xel basis tfromthe sanple
spect rum sAswahgwaphiinaEiguie BCgutrheor €sul i B pabpheispectr peacor r ect ed
for the dark spectrumhas a greatly reduced noise signature. The
renaininglgt@ﬁsaSQOPhQaﬁnéﬁ?Eg§'use this corrected spectrum (i.e. Figure

5C). Noterpbatjthe 3@epphomBhstuife ReakoaAk,308BENIISNQWGlearhy visible in
the corrected spectrum [0044] The next step S40 is to determ ne the best

basel i ne ande2neathethbeentsdeont] the emipeakn Peiek geeponakiréws t he

on- board conputer .2 differenti he i.g in ity .of sanpl e
gas fron1Pﬁ§E of 9 gegﬁﬁg§/%gigg%S%&%P%SOZF%&?g%talkggig%n&%tﬁéggﬁission
peak intorthtieeasraegeofist TBi & s rsshowdegr apbirealsiyn foFidgteentnkor a 30

ppb noi sture peak in an argon gas sanpl e. [0045] The two basel i ne regions,
basel i ne F8§i 6RSt1E1Endt5218R e IEREr CHIFQEIBT TR T8 S&IT6n Ofe SR Pegi on are

used to dghermine the Raseki ReccThe daba RALRL S iR hheseyeegi ons are fit to
a first order regression to determne the best fit straight Iine through

the two sdetsecofmidatia. 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 different regression
algorithm can be used to fit a more complex baseline.
[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 trapezoid rule.
[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



Once the slope and intercept of this |line have been determ ned, a baseline
val ue for each pixel in the emssion peak region, can be cal cul at ed.
Ref er ri ngwag®log49si 0 Fi gure 6, the baseline cal cul at ed basegdakobhAgr7data in
baseline regions 1 and 2 is shown as ide best fit baseline. A straight
line fit (a linear regression) is conputationally the fastest and easi est
algorithmthat nay be used to determ ne the best fit function, and
generally provides a good fit to the baseline data. If however, the

basel i ne 1RGN R qurd tihe RME 38 AhPeRlckHANLAL NSt JlanetjL) chagges, a
different regression algorithmcan be used to fit a nore conpl ex baseline.
[ 0046] W ttiret ipd asaseldire 1 GdteERamddre tdrak enissiomrmpedie of i nterest,

t he next g% i-s to. determne the .area hoth under the enission peak,
and unde% Ej‘1|[*%es’%c\lé)glns Fucted uaeserqnlrlr}’e b e}hee lenp Wsiton Opjgeaﬁ(nllcerléegsito’n. These

ar ea cal culfatthen®aeay degirpe fearde G HiST g fanyarone-aiséh nurberl ofoarel | - known
nunerical integration techniques, for exanple the trapezoid rule. [0047]
Once the &ddEGd HE &hiss AW &Ik Andhihd23dséls md e eni ssi on peak

regi on havebean:cahplatied dhe nexhst epSedds 40 suhtlact the baseline

area fromthe total em ssion peak area. The resulting area iIs the area
under t he sevtgsicdedeait dudiet o etshe A D IOCGARIZIN REH HISOA 20 irl6 basel i ne
area i s due t(% thcerfbackground l'ir@ht l.evel fro th.eé_pl asma di schar ge,

wher eas t FEERK taréd £ S\t MBS T198 i Y onl'y to the inpurity
of intereqino4sf thearkackgaqunddevelo shi fis ddramntieasasuiding || be
reflected in the position of the baseline and the cal cul ated baseline
area. OncEMNSS U9is @Sake 3d16eq §os 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 1s converted into a concentration
number (in ppb) for the 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 improvement in noise reduction
due to the subtraction of the dark spectrum is apparent
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



subtracted out, the resulting em ssion peak area remains constant for a
given inpurity concentration. [0048] The final step S70 is to relate the

resul ti ngwcegslosgispn peak area to an inpurity concentrati orpdar/@o2/20775
Bef orehand, a calibration curve is gemerated by nmeasuring the em ssion

peak area for a series of known concentration standards for the inpurity
of interest. Such a calibration curve is shown for a noisture inpurity in
Figure 7. Fromthe calibration curve, an equation can be determ ned that

gi ves the tggreentraty e fndmi B rdorampumasuied eysision peak area,
at | east over the range covered by the calibration curve. In this manner,

t he emi ssiSensSpéalk ldvea Masagemesyt exf ititeo da o rmEEttirar oran Merber (in ppb)
for the i rit. f LNt t. 49]  Thi,s e can.he repeated for any
nunber of %énjﬁt?s(?in%r}wﬁlr?g{s&lsensSt%ﬁjg%ssplen Pct]jlneﬁ (%Dﬁrcie@%@r?di r?greteo impurities of

i nterest. coxames tefrysugipioguildd: d9 adtriduiegen mntharetihanrat i n
addition to noisture as used in_ the above exanple. [0050] The trenendous

i npr oveme fE TN SRECEE W dd SiRChdde™t ¢ AMihe- & ARGHEIn 20f the dark spectrum

i's appar effyn it FinGUne oG e SR N0 JIQ S8 U £ e dark gpect rum
correction would affect the baseline evaluation algorithmand manifest
itsel f as troipseatnrche fcdlhculsatead ramtssi d peale tar edicanthitkhe resul ting

reported i_npurit oncentration. This woul.d ultinmately,degrade the limt
WD 03/ 00458 PEFTUEDS 50775 T FARE {2710 CedtndS) & 64ATdd to obtain the
required ceersiiti wialyie ;Meayenentyreinitdig 1dame ssaest remdgeanthee additional |y
addr essed usi n_%.t he foll ow ng three conplinent ar%1 approaches: 1)

subtracti S8TSLUHNE cliidenrixels 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 estimate and the more noise that shows up in

the corrected sample spectrum. 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 second approach addresses 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



dark spectrum from each new sanple spectrum 2) nonitoring the tenperature
and the rate of change in the tenperature of the spectroneter to update

t he dark wsp@@llidgin when the tenperature varies by nore thagiemuseegiizai n

val ue; and 3) dynami cally masking temperature sensitive "hot" pixels in
software, so that they are omtted from subsequent anal ysis. Each of these
approaches attenpts to address the thermal sensitivity problemof the CCD
array. As the spectroneter warns or cools, the initially acquired dark

spectrum BeeORES tac pPoApEl ceStiskBt e hef keueorieat kol kkabnshey d be made
to the current sanple spectrum The greater the tenperature ifference
bet ween t H@aglPentenepper atied candlivhe thee ssesatsr érat 1Asiadkt he dark

Spect rum yag Laken pLNecPagLel LRE 3kl 6 a0l e, I066 eleq fhat _shows
up in the corrected sanpl e spectru enperature differences "as small as
1C can restl thiendenactept akimperaitaee, ewdlish ns ¢ower éetyed sanpl e spectra.

[ 0051] The first ag roacg1is to subtract the initial arﬁ‘spectrunlfor
each gas S&RplUéts Ee ant eyf§@§orés§@Ht'§lFﬁ?dtﬁﬁsrgﬁﬁﬂﬁg ¥ sinply repeats

step S20 @e8lRerifinElgUne Avhals @ach SATRle o [HQ athgesecond approach
addresses thermal sensitivity by nonitoring the tenperature and/or the

rate of @lkasgaeimentihe tenperature of the spectroneter. To nonitor the
tenper at Ur[%ostsge on-hoarg _¢ompu %p%%ﬁiesr 2%‘1%?%%%%“&‘15}] W9, Qf JIor €
redundant “tenpérature sensors (not shown). e conmput'er continual ly
moni tors the WOnd3raQ4381 RCHWSORE2BELmechS thal Isir e conput er uses the
out put fromthe secondar (backup) sensor. Preferably, the sensors are
| ocat ed temperature 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-bcard 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 spectrum typically every

30-40 seconds. If the delta-temperature is exceeded

during an analysis, the current sample i1s 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 a new dark

spectrum while the emission source is extinguished. The

new dark spectrum replaces the previously stored 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



close to the CCD array to provide an accurate indication of the detector
tenperature, which is the key neasurenent. The sensors nay be read at

regul ar | ywgogsgdeiser m ned intervals to provide a tenperat urgT/iasy7enent s.
[ 0053] The on-board conputer 20 constantly evaluates the tenperature

di fference between the current tenperature and the tenperature at which
the dark spectrumwas nost recently acquired and also the rate of change
of the tenperature. Depending on the rate of change, the on-board conputer

20 sets apuacesRt abhperdehi-a- temenakyr enethe haster & hed ata @f sghange,
the larger the delta-tenperature that will be allowed. This is to avoid

updat i ng Whéclaitkespetestimiags dgescitiched vias aderlifrsid.owi ng par agr aphs, too
frequent | 54] nor mal, _operation,. - baqar. ter .2 col l ects
;88%&9 &%e %r le%.%d%&e%@ed % Qe %gpﬁﬁfgg%%ﬁggﬁ %F

and analy sanple spectrum typically every t he
del t a- t enpenaktiraties exceedeade duri mggamecamsaliysiss gridfg o rentr sanmple is
finished and further analysis is suspended. The on-board conputer 20

turns of f dpakesreetihe ~hiKgh JvolFt afe —t B&nSf16r meP° 5033° 1t RexkHP°Ext i ngui shi ng

t he plasma _di scharge. Th spectroneter 10 i.s then instructed tqg.acquire a
new dar k r?SQ?FF&XgE rleiﬁhg%gﬁFésggﬁ ?@ﬁ?@éQQS%géﬁqﬁiBXﬂ%ﬁfeLﬁagyrmwvdark
spectrum rephkaeesst he tpr eemPashy ustkqr edodar k hagpecvermland dule @ rent
tenmperature (TDARK) is _recorded. [0055] The on-board conputer 20 then
turns on PRECABghNOFEPLEge Nt FRASE HREP 150 2 owée By GraL @égt?’l‘li‘l@ﬁirng t he

pLase O SERREAL, T80 A SO en 20 R gl gperaton an
neighbors but the temperature variation is also much
greater. By identifying and then ignoring or masking
these pixels each array can be made to perform as a much
higher gquality 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 Fpectrum
values than good pixels. Research has uncovered two
other interesting and useful 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
nitrogen analysis. Note the two regions of hot 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



current tenperature to TDARK, where TDARK is the value at which the | atest
dark spectrum was acquired. [0056] The problem addressed by the third

approach Ww osidokdggt rated in Figure 8. Figure 8 is a graph mfr/daunrorrdar k
spectra - K, J, H G- at 27, 30, 33,2mnd .36C, respectively. As shown,

the em ssion intensity generally increases with tenperature. Note that
several groups of pixels, notably in this exanple around 326nm and 344nm
not only exhibit higher thermal noise than their neighbors but the

t enper at Ur® 4@ il ds alesO JRIahe HRALST 1By id yddg: angd then
ignoring or masking these fgl xel s each array can be made to performas a
much hi ghée sl insgiderefonotThisqls dmcmiypchtakfore zi MPtidre i ndi vi dual
det ector el S ] d d r ed ! T o] .9[ﬁbout 5% of
a given C%B%g&?}é)y ¥ aneocsgg%era f}%%%ﬁezg)ofr ictj’leéd %e%alp%(e s.sl e nunber
and di st rlicauttieoh aofounat 3R 4eed sands Midrier erdsdaart ieaclhy CCThesgd ay. Hot

pi xel s typically have hi gher dark spectrum val ues than good pixels.
Resear ch H@§_GG%6KP_€F€CFH t(?[ e iiﬁ“loer”é&siyndg%ﬁif% J}Og%\s%‘éiﬁ]_ss of hot
pi xel  behaWQIssdd st rihplrPigkel stHend dh Q6E Wa i db St Ipa Lont{guous

groups, rather than singl’y. And, hot pixels tend to get noisier in
response teyad uadmpeer &leros 1ithey das gerfeastte thearbeod ipi Xxe 1Bt h of these

behavi ors n se [ j.gure 8,_.which shows dark spectra .at several
t enper at urz(e@’f %gln%wt g&r eEg‘l dnIga of9e'i ntIetr est r]?eo‘?‘rcpl\rlr% satpLFgr(aeregnﬁcd thna}t[ rogen

anal ysi s. H¥aled itree 2080 iregiions iof el guixsdison g d-ad265mm anth 344nm  These
two groups. of hot pixels _.occur in the baseline region for  nitraogen

anal ysi s afft ndyiEa e Pridh erS Ui tiie Wk S RO TRE Uatd PGSR i t hm

[0057] ForgedfitGHg & rdpatlife effeCirf e Mlro Pk glsiond g Rasel i ne

eval uation for nitrogen can be
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 the array. 1In effect, a
custom generated software mask is created 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 to be used in an
analysis, it must be located in the right wavelength
region 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



WO 03/004981 PCT/ US02/ 20775 20 to an enlarged view of the region in Figure
8 containing the two regions of hot pixels described above. Notice the
two upseteg dydolpgr basel i ne of the spectral data 190 | ocatmgdyedoodeds324nm
and 344nm respectively. These upsets correspond to the two noi sy groups
of hot pixels discussed in Figure 8. These upsets cause the baseline

eval uation algorithmto generate the best fit baseline 200, shown in
Figure 9. It is readily apparent that baseline 200 is high in the em ssion

peak regi @hardes fidgCtsantdlies laseldme asuldrs fibuhed ML8¢ atiihaal gorithm
generating a negative area for the nitrogen peak em ssion |I|ine, instead of

t he expecti@Pagdr ®rarde aralire vt NS (iBesaudte pr§é‘{ls%, e masked,
t he secon i t ne 210 is
statistic%:g%rﬁ}%ﬁ%&%éer{r]%t t%smgthl lgesgﬁ}ne ) the peak area is

cal cul at edmgsraers0,regpdrsseexpect ethd frarkdshithes amplle 208y Masks are
easi |y generat ed | n sof t war %eg%/as%anal yzing the dark spectrum for the array.

In effect "S- cutomMigesiit At sk 9% edtEEardd 18P over  the

array. Thegaodpixgl sy e dinafdeciathand dife had v Rixels @fe ignored. The
operating programinplenents this generated mask each time it considers

usi ng a pisegipley@aiatf oritdiavierthen usd 5 on namelatra:tza_ p(ﬂhﬁm:ma’famgoasel i ne
poi nt . Thl{%’e foereqﬁﬂl |Oxrel thatbei usrgodrrﬁarllc}/od: nal [Jébﬁmp st be located in

the right wave r'egi on and not her feature of
t he presentystavent imehdwed ithe usegife I?roaapairrerﬁ: rﬂlrf:srwcsade§@mHllmxsyst em

Praxair's ren;pcorn%%elglmsear%phlee msoystt emis described in U S. Patent No.
[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 will yield better detection
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 pressufe 50-350 psig. Different ranges are

available simply by changing the diameter of the critical



6,043,881. This sanple cell has a mninmal volume and no unswept areas

whi ch hel ps to inprove response tinme. Wth W 03/004981 PCT/ US02/ 20775 21
changes i we@mpiwicell pressure or flowate have mni mal ddwpembenst he
anal ytical results. Because of this, the sanple systemcan be extrenely
simpl e which again inproves response tinme and nakes the anal yzer easy to
use. The mcrocell has an orifice on the inlet fitting that allows the
user to connect the analyzer to the sanple point wthout the use of a

regul ator .o Eline natriqigs dbwrd eg A Honddato i NaRdBl |y geauired,£n sanpl e
systens, renoves the single conponent that slows analyzer response tine

the nost. JUUBHIirEFelahal §Yet0Ge cordidy (©- G- preBentthrvem itre is
descri bed i usi r 98, S e. _However. the analyzer is
not lim tegdl&g@&us@v&' t hr];‘sa}fegrgna131 \gél’)l can lfe! Jréesa%lrl? yv%rdsalp?%aoﬁotrh%se w th any
nobl e gas,anslyctermscdrelbaim Afettad pipnirdwiragdd thioghe angd vses with hydr ogen
and oxygen sanpl.e gases can be acconplished. @ Sone exenplary inpurities
that can be Sfﬁn%:'fz T 1 RS G, Y351 Stire Hhd St Hietie. tMi R ure can be

anal yzed if1 Ny hage (gas-dde A ARPNPPM ALe IR ANe d:5 ysed. [0061]
Anot her approach enabling the use of longer integration times is to
t her noel eciadwal |gprebigliqile CCD array. Thernoel ectric coolers are

comer ci al vai | 8, t ignificant,cost to syst em (.al nost
doubl i ng t d/eoecag]st) gﬁ{& ar te)&beu%(yefel%ee({ ee%n%e?dajt%erréts cootfwgtg‘h%éﬁeo%e%tppr oaches
descri bed iaboe ican ralveo deenisitscmindy an 00} eshad By anskond | Isydel d better

detection limts than the use of cooling alone. [0062] The anal yzer can
oper at e OV%%SQﬁ%RH%ﬂ?E%ﬁHﬁqg illustrative 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.



inlet pressure ranges. Exenplary ranges span |low pressure 5-50 psig,
standard pressure 20-150 psig, and high pressure 50-350 psig. D fferent

ranges arg,o @¥didsgb!l € si nply by changing the dianeter of the,cdhhiBal WO
03/ 004981 PCT/ US02/ 20775 22 of the rgnges above corresponds to a sanple

flowrate of approximately 400-2000 cc/mn (0.8-4.0 cfh) through the
sanple cell. Even a very |ow pressure version of the analyzer can be
effected by drawing a higher vacuumwith a sanple punp on the anal yzer
vent in relation to the . inlet. The mcrocell can w thstand operation under
vacuum ¢ t la Swhil e the preferred enbodi nents of the present

i nventiopopgug been desghi hadi1yskhRgrepepblire rh@hE® gasdells @83GEiRBL ON IS
for illustrative purposes only; and it is to be understood that changes
and vari apeohsomayrbe maupriwinbgout departing fromthe spirit or scope of
t he appended clains, WO 03/004981 ﬁgT/g?gZ/ZO 75 .23 \What is clained is:
[0064] 1. An anal y38r *P8FYberfdr ifhg JaRoGS &RiIE4PEn2 SpEcLPBELEpy,
conprising: afcangby¥tteah eakhyc4@) containing a gas sanple for spectrum
analysis; a transfornmer (50) for providing a voltage across said gas
sanpl e in said anafytrearfesmer(40y) &aff PerEAting pr §84EaJs PEWOSEvel

Zm 22: 82 Sg‘”ggi&:TQH? é%glgaﬁnség[%!deénglg.ﬂ%faiorcr%tﬁr (@d9) for detecting an
pectruntof sal ow | evel em ssion source, said
sufficient to produce a low-level emission source from
said gas sample;
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).

[0065] 2. An analyzer having a charge coupled device
array 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;
sald charge coupled device array acquiring a dark
spectrum and a sample spectrum from said low-level
emission source;
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



spectronmeter having a charge coupl ed device array as a detector; and a
conputer (20) for controlling said anal yzer and for analyzing the em ssion

spectrum gt gabed1 by said spectroneter (10). [0065] 2. Arpc@amadoyzersshavi ng
a charge coupl ed device array based gaseous em ssion spectroneter (10) and
a low level em ssion source for processing em ssion spectra, conprising:
an anal ytical cell (40) containing a gas sanple for spectrum anal ysis;
said gas sanple producing said |owlevel em ssion source; said charge

coupl ed gﬁggc o%rEﬁyeﬁgggﬁgknggngQ%g%gip%%t%%g?a %r%e %%%l%a%.ﬁ%trun]from

said | owlevel ~emssion sour ut er or "subtracting said dark
spect r umspktramusal dubamploe ispechidnbheecthihal @ raacdioactsed dsamlseiospect rum

deterninin% a baseline for said corrected sanple spectrum .integrating an
em ssi onPFEsk2aF8atandPs 2B as 8l PRE \WBLE3/ 06298 TOPFFLUSHS $G1P5Pe2K area for

an enmi sshepapeakor a8l 9AERR- 133 dogeEhechedosanpl e spectrum subtracting
said baseline area fromsaid em ssion peak area to obtain a peak area, and

converting said peak area into an inpurity concentration. [0066] 3. The

anal yzer ding,to either claiml or 2. wherein,said |l.ow|evel em ssion
sour ce iéagggﬁlent3'ele? Fi NG éRAr §ECOLO0EY 8. ST e&hgﬁﬁ%g?ﬁaggbrding to

ei ther cbai ghdrefin Z2aivhebe-nesaildeangkybncabugeld i64@) siSeatm crocell.
[ 0068] 5. The anal yzer according to either claiml1 or 2, further
conpri si RgS&FiBefi6FtPEI€abl e for coupling the

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

2, wherein said analytical cell (40) 1s 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 pixels 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



light emtted by said | owlevel em ssion source into said spectroneter
(10). [0069] 6. The analyzer according to either claiml or 2, wherein

sai d conpwiessedlsgul ates an inpurity concentration for vaidiau2heperities
in said gas sanple wusing a calibratien curve. [0070] 7. The anal yzer

according to either claim1 or 2, wherein said conputer dynamcally

determ nes and masks hot pixels in said charge coupl ed device detector, so

that the nasked hot pixels are not used in the spectrumanalysis. [0071]

8. A nmethod of processing enission spectra from .an anal yzer, having a
joslivg d07

char ge cHapFeddEU-E&18rr &y “FAECH WD 0300498 PR E 775" 25 gaseous
em ssi onsspeckr obeek ianethqa thewsheyel ogni ssion source, conprising the
steps of: acquiring a dark spectrumfromsaid charge coupled device array;
acquiring a sanpl e 2SEEEEGRG Br drsasRercswied&om srilssichRr¥6ur ce usi ng sai d
char ge couple@oquE%ede@H%%ya said | ow|evel emn ssion source being produced
froma gas sanple’in an analytical cell; subtracting said dark spectrum
fromsaid sanple specticimgt @ sbiaile apeotraect €dosanpliel Spectleall

determ ning a basel.ine for said corrected sanple spectrum, integrating an

eni ssi on peak SHrE518Rd SRUBSSe PRSI SPed FORTER ERYS andﬁgéﬁeregiop of said
corrected saa&&gysp%@ﬁ@uqbwsq@b@QCEb@gsgahds§@§%@i@%i%@e@r%ag%b%ald

em ssion peak area to obtain a peak area; an
from a gas sample in an analytical 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.

[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 analytical 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



converting said peak area into an inpurity concentration. [0072] 9. A
nmet hod of processing em ssion spectra, conprising the steps of: containing

a gas samplfosilosPect rum analysis in an analytical cell pfy@ehdhfg 2
vol tage across said gas sanple in sapgl analytical cell sufficient to

produce a |low 1| evel em ssion source fromsaid gas sanple; detecting an
em ssion spectrumof said |owlevel emssion source using a spectroneter
having a charge coupled device array as a detector; and WO 03/004981

PCT/ US02/ 20775 26 analgzing hge em ssion spectrum detected by said
spectroneter. [0073['21¥% FHethEt RBAS8LEHr GPRG CEE e PRRCESEr P8 Sadrer ei n
said | ow| evebpeptssh@Resource is a silent electric discharge. [0074] 11.
The net hod according to claim7 or 8 wherein said analytical cell is a
m crocell. [0075] 12. The method according to claim7 or 8 wherein a

fiber-ophb§7§ﬁble EngI%Eeyﬁgtkg%hgcgg%haﬁg Qg c?ai.d HOMF|%V€| em ssi on

source | e gasSeldus em ssion~ spectroneter. 66?6] 3. ®The net hod
accordi nghteechabmid 0bw8leveheeaiiBssand searver tisng stepneakgel-ates said
inmpurity concentration for various inmpurities in said gas sanple wusing a
cal i br at FéAckarde: [0077] 14. The nethod according to claim7 or 8,
wherein said dark spectrumrepresents thernal noise from said charge
coupl ed devi ce array.

[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
salid 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

using a calibration curve.

[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 dark spectrum acquiring step acquires said dark
spectrum by measuring 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



[0078] 15. The nmethod according to claim7 or 8  wherein the dark spectrum
acquiring step acquires said dark spectrum by neasuring the output of said

charge coyr @fhosgdgvi ce array without incident |ight. [0079)crkso2hfHesnet hod
according to claim?7 or 8, wherein the dark spectrum acquiring step
acquires said dark WO 03/004981 PCT/ US02/ 20775 27 spectrum when said
spectroneter exceeds a predeterm ned tenperature change fromthe
tenperature at which the dark spectrumwas |ast acquired. [0080] 17. The
met hod according to claim7 or 8 wherein the determ ned best baseline
step dynSRECAEM WRSKs SeH6t SPISEHrOmSt sdaisk Erayé FRIIEE IS array, so
that the¢chpekad bt RixelsS B Mok Usehdadie SREGH:WR anal vals

spectrum was last acquired.

[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.



