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reference path. The

10 Field of the Invention

The invention relates generally to photonic measurement instruments and, more

particularly, to high-precision atomic absorption instruments.
Background Information

Atomic absorption instruments, such as spectrometers, are well known and are
15 used in a_variety of settings. The atomic absorption instruments of interest are high-
precision systems that include precisely aligned optics that tightly couple measurement
light, that is, light of an appropriate wavelength for absorption analysis, to samples. The
high-precision systems also utilize additional light sources and associated optics to
provide reference paths to determine and compensate for light intensities as well as
20 correct for background absorption. The systems of interest utilize simultaneously
operating measurement and reference light paths, as described in United States Patent
6,222,626, which is incorporated herein in its entirety by reference.
As described in the patent, a precisely aligned configuration of mirrors and beam
splitters is used to direct the light from the measurement and background correction light
25 " sources, for example, a hollow cathode lamp “HCL” and a Deuterium (D2) lamp,

simultaneously to the start of each of the measurement path and the reference path. The



WD 2011/ 062630PCT/ US2010/ 003006 neasurenent path then uses a further
plurality of precisely aligned mrrors to couple the light to a sanple

wi t hi n arwatonmi@es3oand al so direct |ight fromthe atom Pemr/useoia/oomvect or,
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The i gnal & associat ed wi SOCRMARCAEGTERR Y ERIIGRE; 5 1 "en Processes

A photonic measurement instrument includes a first set of fiber optic cables that

20 guide light directly and simultaneously from one or more light sources to each of a pair of
analysis chambers, and a second set of fiber optic cables that directly and simultaneously
guide light from the respective analysis chambers to a detector. A selector/mapper
bundles the respective optical fibers that guide light directly from the light sources and,
through mapping of the optical fibers, further guides the light from each of the light

25 sources to both of the analysis chambers . A user selects which of the analysis chambers
is to be used at a given time for sample measurement, and a system controller operates
the selected analysis chamber as a component of the measurement path. At the same
time, the other analysis chamber becomes a part of the reference path, to pass light
between associated cables of the first and second sets of fiber optic cables. A processing

30 sub-system then processes the signals associated with the selected analysis chamber as



WO 2011/ 062630PCT/ US2010/ 003006 neasur enment signals and the signals
associated with the non-sel ected anal ysis chanber as reference signals.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention description below refers to the accompanying drawings, of which:
Fig. 1 is a functional block diagram of an atomic absorption spectrometer
constructed in accordance with the invention;
20 Figs. 2A-2C are functional block diagrams of couplers depicted in Fig. 1;
Fig. 3 depicts an alternative arrangement of an atomizer that is depicted in the
system of Fig. 1;
Fig. 4 is a flowchart of the operations of the system of Fig. 1,
Fig. 5 is an alternative arrangement of a source module that is depicted in Fig. 1;
25 Fig. 6 is an alternate arrangement of a sample module that is depicted in Fig. 1;

and

Fig. 7 is an alternative configuration of the system depicted in Fig. 1.



The drawi ngs are not to scale and certain conponents may be enl arged
relative to 5other conponents for ease of explanation. The sane reference
nuner al s Wo 2ditfdees3ent drawi ngs refer to the sane conpon@aTaiS210phaveni C
measurenent instrunent is described by exanple as an atom c absorption
spectronmeter. O her photonic nmeasurenent systens nmay be simlarly
configured, for exanple, systens enploying inductively coupled plasm
optical em ssion spectroscopy, optical detection in |liquid

10chr omat ogr aphy, UV/vi si bl e spectroscopy and UV/visible near infrared
spectroscopy. |n DETAMSEODEBSORPPTION DRI AN FLUGSTRATINEuUti | ized in
the same manner as the atom zers di scussed bel ow Referring to Fig.

1, an atom c absorption spectronetEMBOIDINHENA source nodul e 102, a sanpl e
nodul e 104 and a detection nodule 106 that are interconnected by fiber 15

optic cabl es 108nddhwiRa! a8t REGARMNS cOftaiRdbRpo %nﬁg%e%%@géd%&m@té he

system The source nodule includes two types of |ight Sources 120 and 122,
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whi ch are al so segnents of the paths 1000 and 2000, respectively. The

respect i veMeppEeMisy temabaysbeishigilamyl camtgusersh dorsaxantplensy stepb emppyingl

fibers. . or/ [,. i ncl ud in the soyrc dul g 102
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fiber opti chromatoggaphBUaMdsiblOspestidbpaaed DNaviSiveSndah aifraged cisectlogddpyf 1M
bot h sources simultaneously to each of two 25atom zers 140 and 150 1n the

sanpl e nodiHB SYHADS FRROpEpieadalysig chambers apputiivgd jpthersspms raarnier 8% théet  of
fiber optig Bﬁgl Siscifsl tic cables 110 and 111 guide light fromthe
atom zers 12 arrlg 1{@%’5%&[@8.86‘@' e nodule 104 to a detector 160 in the
det ecti on nodul Refe®6ng ibhigigc hkinesorhibhbamgtidd $pectbineierfinr gida suasednsdile of

fiber optic cables are al segnents of the respective paths 1000 and
2000. In t ﬁ%?:éﬁawale&w&ﬂs 155 Béﬁ? gé‘ﬁtef?'aon Wzbﬂi’ﬁdg%%m@rﬁwetfé/bucfé@%

cables in the dabl3tiodnd | Lnt i i r
opti call fi blge}r S aand oper a? Egti(%ﬁg%e%ﬁlez‘\%ﬁ%hﬁe]r@b aﬂe%é@h@%@t {eplgtsg%{ e%Ggﬁl%mhi ch
recei ves t$mir¢d mhdulgundietstteoitypdsyfiilgbt foubees 18t 1220besxabifle anitblibld, may

be &, roCILRTRN gLt 38 eelsd, MoiLizes SlLte e, oL her, Techan o
differ ent De@eR® (92) damp that provides light for background correction. The light produced
by the light sources is guided directly from the light sources by fiber optic cables 128 and
20 129, which are also segments of the paths 1000 and 2000, respectively. The respective
fiber optic cables 128 and 129 consist of multiple optical fibers.
A selector/mapper 130 included in the source module 102 bundles the optical\
fibers of the cables 128 and 129 and maps the fibers to fiber optic cables 108 and 109,
which are branches that guide light from both sources simultaneously to each of two
25 atomizers 140 and 150 in the sample module 104. The cables 128, 129, 108 and 109
form a first set of fiber optic cables. Fiber optic cables 110 and 111 guide light from the
atomizers 140 and 150 in the sample module 104 to a detector 160 in the detection
module 106. The cables 110 and 111, which form a second set of fiber optic cables, are

also segments of the respective paths 1000 and 2000. In the example, the fiber optic



single sensor. Alternatively, the detector may include two sensors (not
shown) that are positioned appropriately to receive light directly from
correspomaipngliomdses. The detector 160 operates in a kneam/usamoasn3one
produce signals that correspond to the intensities of the inpinging |ight
of selected vel engt hs, . and provides the si qnal.s tQ a processing sub-

t osyst em 1GRIeSAN RFSShAtLTFePRY Pels canstst ebmen-3larsing Loharade iopHeal Sibersand
conponent soQfat iea kRSREGldnyer. Modul es 102, 104 and 106 and the processing
sub-system 194 based on a selection of an atom zer, as discussed in nore
detai | bel ow. Thie dstsctem @hnthidh teseivesthe dighi guidedita io by dloefibee optigralblss f r om
an input deyice 0, such as a,conmputer keyboard or 15touch screep, .through
which a usglrd %}doﬁl]%dggay g{ec?rﬁ]% chiomalgy ﬁ'ﬁh ap ﬁgﬁq%ﬂc‘t'tﬁbzﬁés I§¢r ofher gﬁﬁp Mat e,
ot her inst e€tHAND th AlredtiBe ABR protided By eV pAEVAKIEs bW TBIAVIdRRs of a
information to the user relating to systemoperation, as well as the

resul ts of single sprsoteddiengtipelyf be decloy nayangnde wessangors {hotshewehrthhodre The

t oni 140. 0 be, f | fl h byl i zer,
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i nstructi ons) ¢gerabgh 4 ko wipdhnday pERiudO8ignilo tise kestspohd ehtiRfinfehguad om zers
to use for sanple neasurenent at a given tinme. In response to the

i nstructi oh§ IMmpHginglighs of selgeted Waxelengbs. epdprolidesspesignaloto aprachesing gt
sour ces, 128,5%291 2 and the atom zers 140 and 150, to provide optical
measur enent’, background correction and reference information to the

detector 160. 2AMystensq@acioflec8d sontiolahs ypéranivsatthotdepordddts ape at es t he
sel ected atom zer 140 159 in a known manner to provide the [ight from
“a

whi ch sanpieePsrEye modussitl 82 a i BECMGrapdribe RigrestE Wh-SYREBY Hitt basRd P 2obt ai ned
and_oper al &fecibf of @R RAEG! BRI RUFRImAA Rialiiifol " Fhe 34 @R ohi otk i ©
sinmply pass through, to provi de reference information. e system _
cont r ol | ercdndiigutedrto cenet veadigndlhBompariaputaieviet 19Besyoh as asoinpgtes kbylsast em 194,

such 30t hat the sub-syste rocesses the signals associated with the
sel ect &d aryr ¥8reah g;llh {SChBO! F@WE?‘%erasﬁlfCPﬂ‘é"?frdﬁ%‘P%S a‘a‘gs%?ci at ed

with the ngiresias orekr 3t @ica8hs i%?the%a%@i%llﬁpgi%@%9lagi/cy$3@%%\q 006

reference path signals. The systemcontrolle hus instructs the processor

sub- syst emnf@ntion és thegisgnzlasingtovystiend operatipn,as vapipasape rastibs ofithpar t i cul ar

region of the sensor.or Cg;:)ﬂrti ul ar sensor aggt he neasurenent signals, and
REPY Fls ¢

the si gnal ¥OFFSHERREORP gﬁfﬁﬁesﬁf‘géé‘ﬁé}sﬁiﬂa he reference signals. 5The

system thus al | pH&a@niises 14@asel S-ma@bb B e@fmpibe: ALABTESHBer! OF ncbANPe
measurenent at any given tinme, w thout having to reconfigure the system

Not abl ¥t ¥l aslireace; vwhes, fanesanople Zegrapliestuhet Arusquentersansipshians hadugh
pat i Accorria JeviTR' i db SR hB Prdlorfvhedd rid B S el Tr BB TAh do
not have tgvéaetime: &h rgpethetto tehias@ections thé Oyt tontroller 180 controls operation
of the light sources 120 and 122 and the atomizers 140 and 150, to provide optical
measurement, background correction and reference information to the detector 160.
25 More specifically, the system controller 180 operates the selected atomizer 140,
150 in a known manner to provide the light from which sample measurements and
background correction information is obtained and operates the non-selected atomizer in
a mode that allows light to simply pass through, to provide reference information. The
system controller further controls the operation of the processing sub-system 194, such
30 that the sub-system processes the signals associated with the selected atomizer as

measurement path signals and the signals associated with the non-selected atomizer as



| oi ncl uded in the neasurenent path. To optim ze the system fi ber
optic coupling units 124, 125 may be used within the source nodule 102 to
coupl e t wol2nghis2genoduced by the |ight sources 120, 122Ppco/ush@onempecti ve
fiber optic cables 128 and 129. Wthin the sanple nodule 104, fiber optic
coupling units 132, 133 ma)f be used to foﬁlglle light fromthe cables 108 and
109 to 15dEdsghce R sienals, The sy spnigoller Sdéﬁf‘{?u‘ssth%focteﬁ%’rﬂé%ﬁlé%%m%

atom zers Eyt%@ess]s%als':ﬂ%{)wa% frofﬂ heh ngﬁ)f%l'l%ﬁe CeP;E«%H 1&6]9r x‘églotn%fjtﬁésen%g’xﬁor@y be

used to couple I'ight Tromthe aton zers to optic cables 110 and
111, whi chparhelmlagmnd@ ashibe h1eghtreltwmttstr@atkeamtthecsrgnatwfmre tHOGheMiegiomaupl i ng
unlts are descri nor e dqtall with reference to Figs. 2A-C. Referring

now to Fi g>*%¥ asa{ﬁ? éﬁ?rgg‘éﬁ 8%4'¥e coupling unit 3000 consists of a

?Cl coupl er 304, Th8 sdién examlots aARePlofser¥t Stk bt MeltdhizBs' foPEarhflat coupl es
l'ight provided by a source 300 that is located at a first of two focal

poi nts of DKaswgmerat pay aivge simien atithont lwmgttha@cqnsﬁgumcta@énstan Nrdatd pabed
focal point ,of. t ror., | ects the light

With a 90 elec lontoﬁ n aL “E‘)‘tzﬁ oeago{eregugngaw’ch? ?alé oven}eél %o%e Oréaoremay be

utilized bytodﬁgdngmto Bﬁat%fﬁﬁél@ﬂ)tﬁfal B@ésdr@@ﬁﬁ)@ﬂil@édoymﬁF@r acthesiaed 1oy a
ratio of the first and second focal |engths. For exa a 0.5x coupler

has a destfh‘?ém’“éﬁmtthﬁf“qaéurﬁmeﬂbpaé]&d?’ apt have e ppee- ﬁiigl}eértoabang@éhg@@ﬂuéer The

coupl er i s; fHILESS tl eﬂ(éﬁ%ﬁﬁhby a clear aperture, which is a designated
area of the mrror rom npi ngi ng beans are focused to the

destination. Th&ocipaaiizemersysiem, {ibdriaphicicsusl@paind lby dz)itﬁhe;zl bk iusebwidli; i n
the draw n essenti ally 30det e[?% Fs t he si é% of the mrror, The couplers
i ¢ y

may be ut i MEAGHICE A b orfouR 8l Prodsea 5y Tho bl s0mer? 125076/10085006
aper_t ure OFese\%}%vQQ’@@Fopﬁc @db’les 128 aﬁnggéjt W’i%lﬁ'i Bﬂlé hu%éh!eolg)4\§l’mﬁ%>%ﬂ§>tllaea”&

all in a kno manner he coupler 3 i's pre erably coate
UV- enhancedoupbiagiungs 132y I3Benaxbayded to tdmalcbglpll feomitlse cabdseld8vantinl 0QWo enhanced

al um num wi,t h redater han 85% refl ectivi.t }%for t he vvavelepég(m o%
nteredt . feTECATESe [T OB Pl G G5V BT A IReeTeh Vh apeiters D) 196 Eryther. 000
nm As appﬁ@@rdp@%ou@mge@ﬁ@sm@w 256 Hal bOsETRY doe léaﬁgcﬁ.t fﬂaﬁ{- ﬁe@t&iﬁlza@ to the -
elliptical mrror. f he exanpl e depi c{) Fig. 2A, th

desti nat i oﬁb@rxmtucs:able@dﬁ@a%lll bfwhiclf tlhetgua#@tth@llglaiabltl@ %@:tloﬁheodldbﬂ% 350 is
poi it of "t h0e RO ER Pl hie foa TR ot dhied S i rar S Et 2R ch nay
consi st of a si Rgfe@‘n@g nd&Wtd FRY. @ AQRtréfiddentdtiR€LEupling unit 3000 consists of a
20 coupler 304, in the example, an off-axis elliptical mirror that couples light provided by a
source 300 that is located at a first of two focal points of the mirror to a destination 302
that is located at the second focal point of the mirror. In the example, the mirror reflects
the light with a 90° bend, though other degree bends, for example 30° or 60°, may be
utilized by design.
25 The coupler 304 is essentially characterized by a ratio of the first and second focal
lengths. For example, a 0.5x coupler has a destination that is twice as far from the mirror
as the source. The coupler is further characterized by a clear aperture, which is a
designated area of the mirror from which impinging beams are focused to the destination.
The clear aperture, which is denoted by dotted lines 306 in the drawing, essentially

30 determines the size of the mirror. The couplers may be utilized to change the numerical



In the system each of the couplers couples light either to or froma fiber
optic cable. The respective fiber optic cables are characterized by

nuner i calwaperiuse@s, as are the |ight sources 120, 122 aad/ush@o®niop@nces
and exits 141; 151 and 143, 153 (Fig. 2C) of 15the atom zers 140, 150. The
coupl ers preserve.or change the nunerical apgrtures of the beans and/or the
magni f i cat PRATUST O ‘E‘S bS%'HF‘rg % rfgHeaﬂ%t'%%?géﬁgcat“(?“tqgéh%@@fnsa?]6 Hy2 KARWhat hs
1000 and 2@fd@n@as desired. In the exanple, the coupling units 124 and 125
are 0.5x couplers that reduce the nunerical aperture of the beans, the
coupl i ng units TB2cewnler1¥B iapecfosablyoppledreitlt inbtV-enlidnatdcadtimgn imere cal

apertures of the heans, and the ¢ ing uniits 20134 and 136 are |
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Ref erring ralcalisOfor thewavel@fithd 6F i6@ASst I tBe §118ers Y 9D Ok waQkiRhbtRY o¥ RitdrSst 124,
125 on the source nodule 102 are aligned with the |ight sources 120, 122
and the fiB&rl%8pm o Wbinas Aszpproppte, TieCtangyidr intigron nay dearsed irtsteadpdsit i oned
such that th ti&glgmr&ources are at the first focal points of the
correspondi ng couplers, or mrrors, and entrances 126 and 127 25of fi ber
optic cabl es 128p tH2&aaipde aépittae i1 8200d, feeRbtiReioR’3929f a EH@ IFUrgrarfiher The
fibers 129, 128 extend through the sel ector/mapper 130, which bundl es and
maps respetRiaablpt G alhergabls 04 is ajaneglevith thel Gogpler.far mireaciP4ciuch Het the

i ndi vi qual . £0m 2 i le ions
108, 105, SSOHE KR8 Rt lle Mk PR A AR rah s o3 XS, SARUSRREERET
104, the eolssingls,or hdiltipk opltdiditeabl e sections 108, 109 are aligned with

the coupling unjts, or couplers, 132 and 135 as sources and the couplers
coupl o T1 ght {r BHIERFDEED S Abo RIS b ees Tt SRbdrdn o6 fomua fourypti

2011/ 0626 30RGT/ HR2RINA03 6, émgﬁ?ecc%i)lers Rfe GHaPlir £ g%gﬁggqe}ig?l aip%rthrég fegond

focal points of the couplers ar e, e cehters of

t he at oni zéedighSiavir¢asri2), 12handctbaphiragesiand exitk3dt lahsll 48614i,d 5al(Fignad) of t h
exits ]l"43’th165ao(1)if rtst]ei a;ﬁjﬁﬁﬁrs, Eo couple light fromthe atom zer centers,
as souf ces' T P VRESSAPr bt e ST Py PIes Bregtrve phelangs hewagicakameroresf the 1 |
Once the chssphseing/drandmbiREcatcH 6f (BE 8BRR4 Mo drdnethRRetits thfeglo%g%éaﬁpl e
nodul es 102, 104, the nodul es 102, 104, 106 nay be noved relative to one

anot her byPathe! YwndP06fas dasirask ki the gkample, halsbesling08yits1109,and 105 afel@. 5x The

relative v i e ul es does not..adversely affect the i nt of
the syst e%gooug)ﬁ gg],ap Cg&g%@g?n%éeé'acﬁsaeoeftﬁlée chéﬁ%ig?aﬁ@’ Ltl%i ctogpﬁp% ul"&éﬁemi n
the respeciree conpletsahat iiflite@hd hehemdal Sy&Hee OMABE BEARL) antl R CRYPEARLIPF the
| onodul es shoul d not introduce a bend radius of |ess than 300 tines the

di anet &t of 4 HK Giedre d3 cowplersdhat refapeqr pygserveethp anmierigalfappawres pf.ithe beanhse.
The optical fib g . e t di.anet er ,.over .. t ire
system Alter natﬁla\%legll@vn%%lsp@gfggﬁdPos%oggi%H?e?g?éy%gn]f ?%@rl'n%élglt%tl;?%;@% on
utilize opthecalret nvelug N2 ate hfigneinith eRiot ngced IDTRI 2T snd FRrfitRaspEtOf

expl anati on, we Bave nﬁt shoyvn in the drawi ngs protective walls wth quartz
covered 1590&TiHEs! 40 HI9 cRuPngMpits #re dhiposHinged sughghatthe fight spuecesiaraalt ed

bet ween t h@e 8- Qb8 HSi A the corresponding couplers, or mirrors, and entrances 126 and 127
25 of fiber optic cables 128, 129 are at the second focal points of the mirrors. The fibers
129, 128 extend through the selector/mapper 130, which bundles and maps respective
optical fibers to guide the light from each of the individual sources to both of the
atomizers 140, 150 over cable sections 108, 109.
Referring now also to Fig. 2C, on the sample module 104, the ends 105, 107 of
30 the cable sections 108, 109 are aligned with the coupling units, or couplers, 132 and 135

as sources and the couplers couple light from the fibers through respective entrances 141,



the optics and serve to isolate the optics fromcorrosive vapors that may
be present during analysis. The use of such walls is well known in atomc
absor pti omOi2osf06e63eNt s that utilize traditional optics a&oa/ussolempooyed in
the current systemfor the sanme reasons. The user-sel ectabl e and

i nt er chang I at hs. for, _ho measur e t and 20reference signals provides
a great dei?PB{feth A Ii"BF'ISi]t‘@ H;) Rd eﬁqﬁpgg?%?ﬁ@@“&“@%%‘“ﬁﬁ@? gk are.dnpdle t he
confi gurat bemMé, 4 e GYHEeBT thSR&shizLSalshMilad1ehSQUIFR hggpection
nodul es 102, ”1%4 and 106 can[ be arlr al%gescli Es%lc}bh t hat p?‘h% uﬁgg}t%zg%ﬁdrﬁlg)eég%or t he

respect i vealsggnsdiwidr exitsdd3, 150ofthe aginigersetd cawply lighbfrotmethp eromtiveracesensiat i ve

system conponents.., Furt her, .in S emthat .is ed . to. anal yze volatile or
radi oact i v& g sét?al % §htrances \1/)3?1 géaﬁ%z@ﬁe%‘é‘?t'cocrabl)eatlﬁaﬁlgrJn?%'e?) ¢ _%’é‘pgrs

segr egaf edadd ABRroRGIropHE AMBreA BAARE T Sce 4TI saBpATRIoBUIed 303 N@AN He Mddiles 3

an atom zer, which in the exanple is a flanme chanber 150, is operated in a
gl ove box 20%,104i 3¢ wpy be soveé slathvedagis apathenbyithedrndingrof ady poall hétheal | s
of the glo upi unit. 132, which.is located inside the glove
box. " coupt SPIRRT0s, T BLELE DBy Bt B BB b s Rn BRlTsiss: P ough

t he 30chanbfect eind 4l pmenl bthe Gyithd peibs, dowelert, becaubarme cobptennitsHie 1deater! i ng
unit 134, which receives light sourced the center of the flane chanber

t hrough t h¥ithinghe sespegiieymadides. kgpedoeiantogstemoPesrAisp thomougnes sl es t he

light thro l i.Ca t 243 Agn C. . 110. A

Usor ol OBl A K6 bBSMRTRIES Br1o0: Rah 380 T RLABRRF BEUE. 0,

posi tion t bealkanpptes| fibthifith¢ hendatfibararptic ThieleSYlsd epricabfibem imBroue pesdih@s

t he systenlg%ts@descri. bed above to performthe anal ysis, with the se%rqeﬁg;at ed
1

at o zer SPRE M ger NGE ,thea%"%%@ﬁr‘%r pagenatively, thefig and speqnd; s¢ dul es
102, 104, 05 bict el BIR: 6pALATIRH O RBSRE EAIRLSE dHAR VG SERAT at el y

manuf actured. Further, the respective m)duﬁes may be optim ze r
parti cul ar exgawtioande hinsnotshdwenietite dysingspooedtivgwalsivatisquae doeered

Gt ChTC e e T ST R AT TR E
Al'so, as dileepsseshd dhe: ©AMNLR ROIM& frdPLoSSRIR! Shord ¥t Ry PR hdbeACHfnd"
use with radi oactive or other materials that require segregation of on€ or
bot h of t hanahysesi Hearuse of such walls is well known in atomic absorption instruments that
utilize traditional optics and is employed in the current system for the same reasons.
The user-selectable and interchangeable paths for both measurement and
20  reference signals provides a great deal of flexibility to not only the use of the system but
also the configuration of the system. Specifically, the source, sample and detection
modules 102, 104 and 106 can be arranged such that the heat sources for the respective
atomizers 140, 150 are situated away from temperature sensitive system components.
Further, in a system that is used to analyze volatile or radioactive materials, a given
25 atomizer or both atomizers may be segregated from other system components.
For example, as shown in Fig. 3, an atomizer, which in the example is a flame
chamber 150, is operated in a glove box 240, with optical feedthroughs 242 and 243
mounted to the walls of the glove box. The coupling unit 132, which is located inside the
glove box, couples the light received through the optical feedthrough 242 through the

30 chamber entrance 151 to the center of the flame chamber. The coupling unit 134, which

receives light sourced the center of the flame chamber through the atomizer exit 153,



Referring now also to Fig. 4, the operations of the atom c absorption
spectroneter 100 are described. A user in step 480 enters into the system
t hrough twe 20rpee63devi ce 1 S190, his or her sel ection of pamiushoiofozohe

atom zers 140, 150 to use for sanple analysis. The user also, as
appropriate, provi nfo mat i on d/ instructions relating to the

anal ysi s t PUpEsls b E%}Pt pue ﬁlﬁ%ofﬁécaﬁgﬁ?@fqt@h 74t’éﬁ‘6ép%1?‘lffeé)f§?focag’be Ik thh.

Al ternati Vedey had fiRedsi 18 Bhe HBM)1%|tl%%h%l§th@rg¢oxl%ﬁ%We%rﬂf@dlna&alzﬁ’t%'p%smBHtthé"e In

t he exanple, the user selects the anme conpartnment 140. In response to the
20sel ect i owmniésownhmu ther atovheersyfémémtcmrmnmblll@ropt&(ms tha sgttap a&sescrubﬂd;t ructs

t he proces rocess si.gnals a CI ated with t

sel ect ed a?sboorvngi%PerzE%'"%&‘ﬁsﬂ??é’ﬁ’énwtgle%%ﬂg?gﬁﬁggaé‘?rﬁﬁﬁf ? sty ?re'&?tvﬁsth t he
non-sel ect gepreprauid. zer as reference signals. The systemcontroller thus
specifies that signals provided gy a given sensor or given region of a
sensor in the déheraspectivgmmegudes; 92pé0 rlﬁé@ﬁwta@lmgwl@mn@ctmn@m i$90and
signals fr ot 0ok on.,are to. cessed as . reference
i gnal o. 1 P BESOBHEN, AENERE A, PSS R re R O ER RS e et B

at omi zer. parllculalQiHée atnlaeh@@ﬂﬁmemt%ystemmoaﬁgmahb@s S § bemeaiviédI F@r, in step
486, operates the selected atom zer in a known manner to performthe

request ed &faIRISIRE Mmeduisamanugisiuredforayaivamiveisat mey be Ppbweéitféé ugehwith
non-sel gct g t%tf?a %ﬁfal Wy engtlgrﬁq}dg}ﬂ rq‘l?dﬁ.isoégs éé\@élfsgecf ?l%ber }5(1)9 todBfeaEIrdedV\D

byflber opti etot om zer I's pass
2011/ 062638RGTI¢S2H10Y ORNBORE ferade ngthf Ifamma&the a@tooindr2edterials thae rdﬂﬁmect or.

Further, the system.contr ol operates the HCL and D2 | anp and the
det ect or 18658 R B%Ornké’rﬁeﬁgtm&to‘f‘ﬁ@rsanal ysis. The system

controller 180 R@fé%lmg)ﬁmfa?s% tBI??%W aﬁtog%&waﬁ?éf&%%ton%%%bgaignwg éri%ﬁﬁﬁe‘?r

160 in synchronism In the exa system contr ol pera
| anps 5andl(ﬂ(h®ede$<ﬂrbbdr A lmsesynsihp 68 agesnntanbe s»fsiem:ythkmghmlﬂq mbor deeyxc&npl e,

50 Hz. As lSC sed in tes Pate 2,62 .
i ncor por at L%D ﬂ B e‘ft@'neorqj‘?‘h‘,'gl 0{ ﬁ’@ aﬁﬁ_‘zﬁrﬁ %)ezitrﬁ’}}’sﬁ?‘ér S@Bﬁ’ﬁ SIS.
separ at el YTfl@ﬁse@blsb Sagpgﬂﬂfl Iaté)fpr(ﬂu@e%tlﬁfbtrhﬁf‘orpyrﬁ/& mkt?uéfo%) ré88hg oNRe
processor sub- system processes the signals provided by the det ector 160
in a knownanahysireto, beipsrigemed.danl es, wutdtionhigmipastura @hd o sortlr. oflteinetisgigttben

iocontroller |h|n [ ment signals and which signal
a?gortef Ce)regsel may sgle agle ;Ssrogra?m]%eaaanalyrglesal%ﬂ igere t signals and ch stghats

In the example, the user selects the flame compartment 140. In response to the
20 selection information, the system controller 180, in step 482, instructs the processing sub-
system 194 to process signals associated with the selected atomizer as measurement
signals and signals associated with the non-selected atomizer as reference signals. The
system controller thus specifies that signals provided by a given sensor or given region of
a sensor in the detector 160 are to be processed as measurement signals and signals from
25 another sensor or region are to be processed as reference signals. In step 484, the user
arranges the sample within the selected atomizer.
Once the sample is in place, the system controller, in step 486, operates the
selected atomizer in a known manner to perform the requested analysis. In addition, the
system controller operates the non-selected atomizer in a “stand-by” mode, in which the

30 light provided by fiber optic cable to the atomizer is passed to the fiber optic cable



si gnal s. The user may, in step 490, select the sane or other atom zer
for the analysis of a next sanple, and the systemcontroller operates the
syst em acwondiwgkess Referring now to Fig. 5, nultiple HECI/UB200/003202 . . .
120; of different 15wavel engths may be included in the source nodul e 102.
Alternatively, sonme or all of the |ight sources 120; may be el ectrodel ess
di schar ge IS8R frammithe atopiger {hihg qe%?%%- Faheseths systemmeatiotler enseates de

si mul taneougdy,y Hh lélﬁﬁ"a&@m@lde%t&ng iWatkho%Hll?( n?iefs%r%:et i lI o or | anps
operating at any given tine or, as discusse bel ow, the COLPb 'ng unit may
be repositi onedThebkgdi¢nieohwoldersidOebteaperaepthe Aghseuras 12061 By sidant
controller  sel ech%Mi ch of. 20t he HCLs and/or EDLs to use for a given

\ f
anal ysi s, AHAPhEOGIRYERMOBISHT ol thy eXaiRple-dBR EYSHIE comeollss opatatesrihefamise

sel ected | anpyRRIRIRRSHi A HlhrdRuBShhAd m;]ftéyele%ﬁ'fx%&mpé%gg,H%*y‘ﬁgc‘fsg{i’i?%lk?&i

unit 124 may be noveabl € rel ative to the HCLs ‘and/ or
bendi ng of it Heitéd Bieres dateane 623BI686,1@Bich Thiacapopitedigereini Hy referédugsthedied to a

desi gnat ed Ltion (sho dotted. Iines roximate to the selected | anp,

vvithgut 255'?4)@?”?18"?{%0%}%}8% at%‘é%ﬂfe@ e@%gﬁ&g%ﬁ%pctww% entrance 130

of the fiber opid &esabs ahd Bbcedot SRRt ¥4 pidaEssk &R Ysl ;98&%{1}%99}?@ on a
ro

turnstile (not shown) that rotates either under the con of the user or
under syst éefeetont¢bin a lknayri mgneéreinsaskcendaet Widhphei instougpioss froonthatsystére f ocal

oi nt a i Qupl er.. or both the | anps gnd.the caoupl er .may be
oveabie 1SRRI AN Bl o plB b SR 3p 8Nt S e SFA st
mul tiple 36gnalpl ers and fiber optic cables may be used, with the respective

optical fibers of the nultiple cables being bundled through the
sel ect or / mapper 189s§ripay. imaep pherselsst the seappesthepyomizer for the analysis of a

2011/ 06263QR 0 o099, WY h, an arrangenment, the |ight
of two or mﬁé%é%gdng]g %gg%&%gflgggrboé) e}pgt%)s\r}lh%ggs t%ng 4 ﬁoerd'z'a]tg mzer
si mul t aneousl y. Referring nowRed Eig. iSnguitiple 8lIIQ 1020,,A29; . 6,126 idafféreat oni C

absorption ogﬁr atf' ons, for exegrrpl e, certain analyses that utilize the

f ur nace® 1402VHERGNHDEY bRprdYded 1pdheiarganedynal2.” hspwiivelngsgme ar dhofihe

nmodul e 104 p@¥%olRes PG Ik | rSHdes RY-Si L= rnac 40
and 950, sd%ﬁ? hat t he Sa‘éf’%eg%ee (f‘dglretrsl%\@ga{gg rlg%ﬁ E(gﬁ%g lglluﬁgjel% &gﬁb?s arﬁgeée a
next sanpl postiteorisd tanpépredimihandoeslnonitlsidk eotdthgaimnvizk bnlyl Msel @s@bRsH dro

P e T e RS
non- sel ect gekifdrRARSIAATe #PLSIOUd RADS A user or the system controller selects which of
20 the HCLs and/or EDLs to use for a given analysis, and the system controller then controls
the operation of the selected lamp appropriately to perform the analysis.
The coupling unit 124 may be moveable relative to the HCLs and/or EDLs, by a
slight bending of the fiber optic cable 128. The coupling unit is thus moved to a
designated position (shown by dotted lines) proximate to the selected lamp, without
25 altering the alignment between the coupler and the entrance 130 of the fiber optic cable
128. Alternatively, the lamps may be arranged on a turnstile (not shown) that rotates
either under the control of the user or under system control to bring the selected lamp into
position at the focal point of a stationary coupler, or both the lamps and the coupler may
be moveable relative to one another to designated positions. In addition, multiple
30 couplers and fiber optic cables may be used, with the respective optical fibers of the

multiple cables being bundled through the selector/mapper 130 into the fiber optic cables
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| ooptical information through to the second set of fiber optic cables. The
t hroughput of the system can thus be increased by the sel ectable and

i nt ercharyoabliwese of the two furnace atom zers, w t horCTrisquiondIvgs a
reconfiguration and/or re-alignment of the system conponents.

Alternativ . AS icted in Fig. 7, the systemmay be configured with a
15separ at ef@i rlggt X@'ﬁpﬁﬂg iaé‘é‘f@ﬁg?‘g?'étr %‘ﬁé’éﬁf Plyiyo ‘?:%[BT’%’ er%ﬂﬁ TRt dee B¢ 160
thus oper abg9idti i icHi&RiRPRM UIGnERRIyONs or three sensors (not shown). In
this configuration, the systemcontroller 184 controls the processor ‘

sub- syst em 194 Refeemsginew falsatto e 6s eyt gtohyio abongtigedmecataohs Afoorkaeplear e
processed as, neasur enen i.gnals, the signals fromthe non-selected

bt om zer  araeiibe brge ook Bl A Tomac) SLEPR Pt SOE 8Mlef or ence
path are 2@pinerRssed sasmpleahed @b 104 slgNR! dnsthlt@edRaR w6 RRIRLbYPAHN d-And hi s
configuration is selectably interchangeable, to provide the system

flexibilitfuregesed thaerd AHbwach that the seleqigd fiepaeconerales whilpadsérarmingenayexse
configured_w t han .t atom, zers .in.selectable and interch eabl e
roasur eront i T B SpSral R e ERCubRE, FERPRE: ROSIE Botihe?

atom zers fefruQRMp] e PRASHIBNRM sy@tend | Y PBedseMieathaBi fediflthd figecdger or the
25system control | er assigning one of the non-selected atom zers to act as

part of th&lopgFesaemeaspampnt stgnals yreamabbntthoneepelpsied pigcessor Heesprooeesssi ng
sub- Sy 5§ emdid) Mol RERIoLE? (P I1ALhGAZPO AL S liled hﬁéﬁt&@@qg& qf the
processor as the neasurenent signals and, as appropriate, the nal's
associ at edsystenhcdtunbatisetased b tlesselegradtt @ldafiezaangsabldesercdfied ®@cirnace
signals. In such a system _ any or all of the non-selected atom zers nay
oper at e 30?‘H“’é%eéiﬁd‘i'§3?“ﬁfﬁﬂlé“'a‘r$o? isaeriigyrefinn andiqrdmaigament ofithe gysiae second
set of fibgsmQfeh. cables, with only the signals fromthe non-selected
atom zer that 1s assigned to the reference path WO

2011/ 062630PCT/ B820m0+ €0 380E:pheehnn fipotebsssdtdny ntagebempootigesi vgthsalb- syst em

As di scussed, the reference path may.instead be proyided dedi cat ed

i ber bt SRR oG IR e O e BB b e | DB G

provi des t{H@nhsmee sédsﬁignxl%gio'n’é ¥r BRSCENBGY (RRAHESwWn B! MGRisIARTBRARYR SRBHfstdpRt h
and, as appropriate, the reference path, are sel ectabl e and interchangeabl e

t hr ough t heorgrpylst &%t controls th¥ peoasysair snb-wpsrempri ¢ itelensune thagiheesrgratsondm ghe
di fferent rqi nsities

] f HCL and/ o i gh f e,
e i RSy SRl depgl ot Pl dioaaterS “rhe”

greater | nte
sel ect or / mepgesd ABMiE A € pPod¥ked 0indOPYE A% il Bld dddetated r@fer&{ce?lfagh are

selected ratios such as 70% 30% by appropriately mappi ng and bundling the
20  processed as reference signals. The measurement path in this configuration is selectably
interchangeable, to provide the system flexibility described above.

The systems described herein may be configured with more than two atomizers in
selectable and interchangeable measurement and reference paths, with the user selecting
one of the atomizers for sample measurement at a given time and either the user or the

25 system controller assigning one of the non-selected atomizers to act as part of the
reference path. The system controller instructs the processing sub-system 194 to process
the signals associated with the selected processor as the measurement signals and, as
appropriate, the signals associated with the non-selected assigned atomizer as the
reference signals. In such a system, any or all of the non-selected atomizers may operate

30 in stand-by mode and pass signals from the first to the second set of fiber optic cables,

with only the signals from the non-selected atomizer that is assigned to the reference path
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iolight fromthe respective sources to the atom zers. The sel ector/ m xer
may simlarly provide sinultaneously to one of the atom zers various m xes
of differwot2omesed’engt hs of |ight produced by two or noPETHGR019/003006
Alternatively, or in addition, a sw tchi ng mechani sm (not shown) may be
enpl oyed t rovi de increased throu ut to, a _given om.zer th utilizes
only light 8ﬁ‘g$ PEPrﬁe%lseg bﬁidﬁ%p'toﬁﬁﬁ”@fsu JREMs ot C”%?Pc?bea‘?feéﬁ“qqcﬂf #4Y opposed
to light fn@fsb@e&fala\h@edﬁ% aémcaaembéradmc Hhien e nmmmeza%mﬁzefa&or{ HifoRS

only the HCL light is sel'ected, the switching nechani sm nmechanically
connect s aotihagysemipybideothe seme Blexivilitt disarbrdrbévebsince is! reegsnemegih padh)
t hat by- pas Ces the sel e e at uch, as the

furnace 1aBa8 RUTGPLRS DRHERREE R g ratiRainh & sl rugteRaes Pl Bz Moo 1

t he HCL; angystfihe D2 lanp to the sel ector/ mapper, which in-turn, provides
m xed HCL and D2 light to both atom zers over the second set of fiber optic
cabl es 108 and 1bgsystem maymievideregsi ey atusieen Pifeent r?a@seéeﬁewtmsﬁdi% a

speci T1c enRodl FBNie?luith! e LOMGOET Syl bl BELBRRALERL relguRYET L P2

vari ati ons“and mo I ca egin n as the use

of other | pgidrnsQuUsiless. Trm seﬂmmnheppeellmtﬁrednabamxzﬁ@los/mnwgecm]ﬁmshghot her
types of atom zers, for vapor cells, in place of or

addi tion t 8" other sl r&H@IS NB@FQQ?/@Q%S'& AmsePTiRsely snanpie and undbing lﬁli?pper
may mag, thﬁ l!\t'fﬁmﬁ {J 1%5%&?% E&L%&? thegglg?ﬁfélﬂ.'&i;ﬁ% §e(i)ec§<tm'n§<%f' tha fsuhnfrly

atom zers, romrru S an

si mul taneopsivwetmnnhmeamimtaensofmEQMZmrvelhomgmm‘estolﬁdxfﬁesrsmowa/temﬂgtjﬁtdfcaI
fi bers and pol ychr, rratl c det eﬁ may be used in place of the

30nonochr nglﬂtlFEO%‘ ﬁ’dYVO O e C?[ofsn a single light source may be mapped to

each atom zer, andns@vEQr&hin aWdItn)nt Q@wﬁ@ﬁl %ﬂ%ﬂ&mgﬁ (SQWoQh) fal bof 1S

advant ages. Therefore it is the object of the appended cl al ns to cover
all such vamphvlyed)risplamdienndﬁasedahnogg@ta@ e grvenwidrhizer thhieutiliage oslyilight and
scope of the invention

D010 0006505 HRmS B t0s S AT BT & BB dnhCopRosed i i oy bpiihe

i ncludi ng HCL and a D2 lamp. When an atomizer that requires only the HCL light is selected, the
switching mechanism mechanically connects a single light source to an additional fiber
cable (not shown) that by-passes the selector/mapper and runs to the atomizer, such as the
furnace 140. Otherwise, the switching mechanism provides light from both the HCL and

20 the D2 lamp to the selector/mapper, which in-turn, provides mixed HCL and D2 light to
both atomizers over the second set of fiber optic cables 108 and 109.

The foregoing description has been limited to a specific embodiment of this
invention. It will be apparent, however, that variations and modifications may be made
to the invention, such as the use of other light sources, for example, electrodeless

25 discharge lamps, other types of atomizers, for example, cold vapor cells, in place of or in
addition to the lamps and atomizers described above, the selector/mapper may map the
light from particular light sources to sub-sets of the atomizers, light from multiple HCLs
and/or EDLs may be mapped simultaneously to the atomizers through bundling of the
associated optical fibers and a polychromatic detector may be used in place of the

30 monochromatic detector, light from a single light source may be mapped to each

atomizer, and so forth, with the attainment of some or all of its advantages. Therefore, it
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one or nore |ight sources; 3at |east two anal ysis chanbers; 4a first set of
fiber optic cables that guide |light produced by the one or nore |ight

5sour ces wo 2endls2630 t he anal ysi s chanbers; 6a second se®CofUSkitlo®n300@ti c
cables that guide light fromthe respective analysis 7chanbers to a
detector; 8the detector configured to produce signals cqrresponding to
intensitieb! ?OWFﬂﬁﬁt@bﬂﬂﬁ@ﬁﬂgaaWHEO&Q?QESH?mhWBH?W%@&@gf?Wﬁgﬁﬁﬁpéésof t he
second set c@he iWidBI the Pk GprARhESeopb QR tRY ACE&RRINNG Sub-system that processes
signals provided by the detector; and iia systemcontroller that controls
the one or noreWhagkclgmedass and the analysis | 2chanbers to operate a

sel ected anal ysis chanber to performa sanple analysis and 13controls the
processi ng sub-systemto process the signals associated with the selected
l4anal ysi s chanber as neasurenent signals. The photonic neasurenent system
of claiml wherein 2the |light sources are of first and second types, and
3the first set of fiber optic cables includes a sel ector/ mapper that maps
optical 4fibers to guide light fromeach of the first and second types of

| i ght sources to respective analysis chanbers. 3. The photoni c neasurenent
system of claim2 wherein the processing sub-system 2processes signals
associated with a non-sel ected anal ysis chanber as reference signals.

13



4. The photoni c neasurenent systemof claim3 wherein the systemis an
atom c absorption spectroneter and the anal ysis chanbers are a furnace
atom zer wodon/dsk@nme 3atoni zer. WO 2011/062630PCT/ US2020raG30060H0d he
photoni ¢ neasurenent systemof claim1 further including a first plurality
of couplers to couple light to and fromthe fiber optic cables in the
3first set, and 4a second plurality of coualers to couple light to the
fiber optic cables in the 5second setCLA phot oni ¢ neasur enent system of
claim5 wherein the first and second 2couplers are off-axis ellipsoid

mrrorsi 71The phsHotsi€ nideastmenesystesyiatiaaingf claim 2 further including a
third fiber optic cable that provides light fromthe first and second types
of 1ight 3sourc8’e PlomPKdighés@WEsY.: and 4the processing sub-system processes

si gnal s, associ a i it Bh 4 fud.ber optic 5cable as reference signals.
| 8. The %hotonicgﬁggﬁﬁégﬁéﬂgyégg%e%f%f claiml1l wherein the systemis an

at om ¢ 2absor pt a finstspedftfiterepee catries thhd guide ligte pastalcys bs teherg oM ht
furnace§. ghlggtggghﬂ?kﬁegﬁﬁigggﬂgnkxiysten1of claimb5 further including

6 a second set of fiber optic cables that guide light from the respective analysis

7 chambers to a detector;

8 the detector configured to produce signals corresponding to intensities of light

9 guided to the detector from respective cables of the second set of fiber optic cables;

10 a processing sub-system that processes signals provided by the detector; and

§ a system controller that controls the one or more light sources and the analysis

12 chambers to operate a selected analysis chamber to perform a sample analysis and

13 controls the processing sub-system to process the signals associated with the selected

14 analysis chamber as measurement signals.

2, The photonic measurement system of claim 1 wherein
2 the light sources are of first and second types, and
3 the first set of fiber optic cables includes a selector/mapper that maps optical

4 fibers to guide light from each of the first and second types of light sources to respective

s analysis chambers.

-

3. The photonic measurement system of claim 2 wherein the processing sub-system

2 processes signals associated with a non-selected analysis chamber as reference signals.

14 The photonic measurement system of claim 3 wherein the system is an atomic

(]

absorption spectrometer and the analysis chambers are a furnace atomizer and a flame

3 atomizer.
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mul tiple light sources of the first type that produce light in respective
3wavel engt hs, and 4neans for positioning the correspondi ng coupler relative
to a gi vemoanda/wpe3dvhe 511 ght sources of the first type roTase@bsodonght of a
sel ected wavel ength to the first set of 6fiber optic cables. 10.The

phot oni ¢ neasurenent systemof claim5 further including 2nultiple |ight
sources of the first type that produce light in respective wavel engths 3for
absor pti; ons_and THEhRK K AERERARGT.HEAALILLGRA0R ABEARR[RY POSI tioning the
| i ght sources with respect to the correspondi ng coupl er 5to couple |ight
from a sel ect ed alfirgirplusbity efeccooplerhe doupktlighy peartdofroinghé fibatorsietcablies fri ther
optic 6cabl.es. 11. The photonic neasurenent systemof claim5 further

i ncl udi Ag 5%%FF%B % | i ght sources of the first type that produce light in
respectjve wavelgegidisldaaty @MFM RnboupRdidhit theRlbRr 6RPLBIS ihiagt coupl e
light fromthe respective nultiple |ight sources to 5the first set of fiber
opti c cabl éecondzetThe phot oni ¢ measurement system of claim4 wherein the
first and second |ight 2sources are holl ow cat hode | anps and Deutreri om

| anps.
1 6. The photonic measurement system of claim S wherein the first and second

2 couplers are off-axis ellipsoid mirrors.

v 7. The photonic measurement system of claim 2 further including

2 a third fiber optic cable that provides light from the first and second types of light
3 sources to the detector; and

4 the processing sub-system processes signals associated with the third fiber optic

5 cable as reference signals.

8. The photonic measurement system of claim 1 wherein the system is an atomic

3]

absorption spectrometer and all of the analysis chambers are furnaces.

9. The photonic measurement system of claim 5 further including

[\

multiple light sources of the first type that produce light in respective

3 wavelengths, and

4 means for positioning the corresponding coupler relative to a given one of the
s light sources of the first type to couple light of a selected wavelength to the first set of

6  fiber optic cables.

t 10, The photonic measurement system of claim 5 further including
2 multiple light sources of the first type that produce light in respective wavelengths

3 for absorption, and
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13. The photoni c neasurenent system of claim4 wherein the first and second
| i ght 2sources are el ectrodel ess discharge |anps and Deutreriom | anps. 14.
The phot omDoEsasnenent system of claim 1l wherein the PgItuseo1pm03o06 s one
of 2inductively coupl ed plasm optical em ssion spectroscopy, ptical
detection in liquid 3chraonatography, UtraViolet/visible spectyoscopy and
U traViol et/ vi sTEr fsﬁéa?smﬂmr’gﬂ&dlég BRUEFOYER FRPPeaisO th%@rfﬂ%%{wg:coup er

MeAsU eTeto RYpEAMNPTiof] AldRdled HEMNBLCE B L0 Be RMHEANL NG SPREDAREM ¢ hat

provides light fromthe first solrce type t ected anal ysis
3chanber acudldsi ght from both first and second source types to a different
sel ected anal ysis 4chanber. 16. A nethod of operating an atom c absorption
spectroneter conprising 2selecting an atom zer fromat |east two atom zers

that are cppfi gﬁiﬁ@?hdfbﬁihinﬁ'eéﬁr%ﬁﬁﬁﬁﬁﬁs%/&n griided sl @iy iRdhdisgf rom | i ght
sources to a detector; and 4operati'ng a processing sub-sySstemthat is

configured to recHiplelightgearess bf the firkiey peltiaeprodnce lghsrio cespectiiegmadetengths
associ at ed WiéEﬁh the selected atom zer as neasurenent signals. WO
2011/ 062638PERVRH T 87903006 17. The method of claim 16 further incl uding

operating the prRGRIStoI&YhaXshRBNibR #HHhIRERSp&IHIL A HtipRIRGE JRcbswbt h a
gi ven non-sel ected atom zer as reference signals. 18. The nethod of claim

164 furt hetheifigisapirigher optic cables.

12, The photonic measurement system of claim 4 wherein the first and second light
2 sources are hollow cathode lamps and Deutreriom lamps.
L 13, The photonic measurement system of claim 4 wherein the first and second light

2 sources are electrodeless discharge lamps and Deutreriom lamps.

I 14. The photonic measurement system of claim 1 wherein the system performs one of
2 inductively coupled plasma optical-emission spectroscopy, ptical detection in liquid
3 chromatography, UltraViolet/visible spectroscopy and UltraViolet/visible near infrared

4 spectroscopy.

i 15. The photonic measurement system of claim 4 further including a switching
2 mechanism that provides light from the first source type to a first selected analysis
3 chamber and light from both first and second source types to a different selected analysis

4 chamber.

1 16. A method of operating an atomic absorption spectrometer comprising

2 selecting an atomizer from at least two atomizers that are configured within

3 respective guided light paths from light sources to a detector; and

4 operating a processing sub-system that is configured to receive signals from the

5 detector to process signals associated with the selected atomizer as measurement signals.
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2maki ng a new atom zer selection; and 3operating the processing sub-system
to processing signals associated with the 4newly sel ected atom zer as
measur enewo 20i1gwad3s and signal s associated with a gi venPaoruS2690hi®es ed

atom zer as reference signals. 19. A photonic neasurenent systemincluding a

source nodul e i | udi,n .or re light,.sources; 3a sanple dul e
i ncl udi hg at Iegg?” ﬂﬁgéﬁgﬁvgﬁgﬁﬁﬁﬁﬁbgg @”Eﬂ”ﬁ&?%@ﬁh%H“ngﬂﬁﬁggﬁﬁﬁﬁalﬁ@ a
det ect of t&%kes@rs@tmu%%s&ijegf@whaasgogi %lﬁ%lé’tﬂtéc{‘at@ﬁa%r§9T‘eféﬁéﬁc@§ S S

S

chanbers; 6a fir set o i ber optic cables that guide [ight Tromthe one
or nore light sources 7to each of the analysis chanbers; 8a second set of

fi ber optic, cables that ide light fr.omeach of the anal ysis 9chanbers to
t he detgctg§; ttggBF (gégﬁﬁﬁnét%ggvg?gﬁf?ﬁgg processes the signals produced
by the detector naRind a tedv SWETiINseRBGidGIRIah&r that controls the one or nore

| i ght sources and the anal ysis chanbers to operate a sel ected anal ysis

chanber3 to per f opaFfENSHAPreceariag §ah-sy sk o Beesrs gl sserakfeaspeialed syithghe
sub-syst e t he sj i it h the sel ect 1.4anal ysi s
chanber}agkég §5@§%§%F”Q?Sﬁ%ﬁﬁ%kgBgiﬁggﬁﬁ%?gﬁw%gﬁéséﬁ¥" %fwgggﬁg%W)r%lain1
19 wher i nsdidvged dtgiizes asirefasnes ggids.f f erent types of |ight sources, and

1 19. A photonic measurement system including

1)

a source module including one or more light sources;

3 a sample module including at least two analysis chambers;

4 a detection module including a detector that produces signals associated with each
s of the analysis chambers;

6 a first set of fiber optic cables that guide light from the one or more light sources
7 to each of the analysis chambers;

8 a second set of fiber optic cables that guide light from each of the analysis

9 chambers to the detector;

10 a processing sub-system that processes the signals produced by the detector; and
N a system controller that controls the one or more light sources and the analysis

12 chambers to operate a selected analysis chamber to perform a sample analysis and

13 controls the processing sub-system to process the signals associated with the selected

14 analysis chamber as measurement signals.

1 20. The photonic measurement system of claim 19 wherein the light sources are

2 different types of light sources, and

3 the first set of fiber optical cables includes optical fibers that guide light from

4 each of the different types of light sources and a mapper/selector that bundles and maps
s the optical fibers to guide light from each of the two types of light sources to each of the

6  analysis chambers.
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3the first set of fiber optical cables includes optical fibers that guide
light from4each of the different types of |ight sources and a

mapper/ seWecbarosedsat bundl es and naps 5t he optical fi beP€Tius2@uioos®o0s i ght
from each of the two types of |ight sources to each of the 6anal ysis

chanbers. rzr?é%/ 062630PCT/ US2010/ OOSOEQ a E honl C rreasur?rrent
system bf &l -ai PPRIPRIE ANGaRkeayrat BYSTeTb At ¢laim &PWheTEIN: e SYSpB cartEYahe
detectipn fpgyl @p&ﬁe?ﬂ@%?&tl@ﬁ n{c%fufé't%r}ﬁ@ce?zé mke?eﬁdaes 2%1219&%‘:%1 agsoci at ed
with a given analysis chanber that is not selected . The photonic

measur enendgssegistee withfa givan anagsigblemeben thayes l$qi§t@meds an atom c 2absor ption
spectroneter and:the anal ysis chanbers are a furnace atom zer and a flane
3at om zer.

i 22. The photonic measurement system of claim 21 wherein the system is an atomic
> absorption spectrometer and the analysis chambers are a furnace atomizer and a flame

3 atomizer.
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