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A :::.ew refere:o.ci.nlil method for ~rncrovinq ehe baseline st:al:>ility of 

spec:r:phocometers has; beem developed. Tl::e idea. is to use t:WQ sc=ces and 

cwo deo:;;eco:.:rs. the:~:eby est.al::!lishing four opt:ical beam paths er..:rour;h t:he 

syseem, and have each and. every opc:.:al elliim.E!nt in 1:he sys1:em be used by 

at laas~ cwo. overlapping and mutually referencing, beams.~ cwo sour­

ces are modulated a.nd tna ewo Qetector si;nals are demodulated so ~hat 

t:.he siqr.al components dua ~o ::;.!::e f::lu.r optical :b&ilU!ls can be separaeed by 

st:.antiard signal proc11ssinq means. Speet::::pr.or;omet.ric measur ementll like, -

e.g., :ransmission spectra, ~re eompueed as a ratio of two ratios. The 

mec.hcd !:las been dul::ll:aad "T""o of .iac.':l, Closs in S&Jac:e • tTECS 1 a.nli l.s al:lle 

to provide a complat:.e, fully speee:rally resolved, reference wit:i:lcut. 

mechanicaLly moving parts. 

Tl::.e l.:c.vention relates e;;~ apparatus a.nd methods for referencing 

~ l I •> • 
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•acr'rsrrnnp1 of 1;h!l rr-rtil.cp 

Koae af tha speoet:rosc:QPic analyses PEirfo:au.d. :l.n thAI uv. vrs, NI!l. III!d 

IR wavelength r~ges requirE! ratiometric measuramenes. i.e., the optical 

sillllal :-eceivad from ehe sa.n'!Ple is como::~ared t:o the opt:ieal signal 

received. from a reference s ~::anda.rd. Ratiometric measurEiml!!l:!.ts, e.g. , 

transmission. absor:Oance, or refleccanc:e spect:ra, a.re i.:!:nportant: for 

correct qualit:ative and qUantitat~ve interpretation. 

The main purpose o! a spectrophotometric measurement is to isolate 

the spectral signature of the sample from the spectral characteristic of 

the inst~t: (lamp, filters et:c.l. This is achieved. by measuring ehe 

rEisJ;~onse of t:he instrv.ment:. to a reference seanda:rd, the ma.cerial I'Uld 

spect.ra.l reu;ponse of whic::ll are generally ehos.en t::.o be as flat. as possil:lle 

tb:oughout t.'"le W&.V'E!lengtll ran17e of interest. The s.,eceral response 

meas1.1red from ua !!l!llt'.ple is then rat:ioed by the respons.o11 meas=ed from 

eh• re.ferenee and, ideally, all spectral :~i.!;tlatures u:nrela.t:ed to the 

sample will be canceled. 

T~e typical inst:rument today is a so-called single-beam spectrometer 

in which the referE~nce ~ the s~le are meas1.1red s~ent.ially. TYPical 

researc..'l instru.menc.s like, e.g., many Fouri.er-Transform IR spect:.rometers, 

reQ1J.ire the open.tor to manually put t:.he reference i:o.t.o position. 

!nst.rument:~ used for on-line process control and inst~ts dedicated 

eo ro1.1tine analyses typically auo measure t:.he referenc:e seqUentially but:. 

may have electro-mechanical means ~or moving the referenc:e into position. 

?ract:.ical spectrometers are not perfectly stable but show response 

dr!..!:::l!l due :::~. e.g,., room cemperat:.~re variations. T!'.e ins:::ability of an 

p.'l 
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inst:~aont can ba observed.. "r:1t rat.iotng l:he :~:esponse aigD&ls from c.wo 

;onse~tively measured references; typically, iDstrum&ar.s will deviate 

from t:hiir ideal "lOO.l!i t-ransmission baseline• anywhere in the range from 

0.1111 t.o 10!!1. In practice, the str~cter t:he requirernenes o:e t;.he applica­

t::!.on, t:he more frequsnr:.ly the reference IXIII.asurernent:. needs to be repeated. 

on typical FT-IR spectromeeers, for exl!L1111:)le, ~lit:.ative analyses lililY 

rEIClUira only a single r-eference pe:r day whereas some quantit:.a.t:.ive analy­

ses may require a new reference every other minut.e. Because of practical 

l~itations as to how fast the reference can be moved, baseline instabi-

1 i t.y turns out: to J::>e a limiting- fact: or for accuracy in sin;;le-beam 

in;;t.ru:menes. 

!n c.h.a early clays of optical ape<:c.roscopy researcheu::s t:r:ied t:.o build 

double-beam "spe<::t.rophoto:meters• in wllich the sample and the reference 

could be measured quasi-simultaneously. TYPically, two separat.e optics, 

which were mirror imaqes .of eaeh oc.her, would pick up rac:l.iat.ion emitted 

::r:::m a single source. direct the two beams t>J the sa.mple and the 

reference, ehen pick uP the cwo belltnS and direct them to a rotating 

mirror whic~ would transfer the beams to a sinile detector {e.g. (1]). 

:n practices, howev-er, do~le-beam instruments turned out to be inferior 

::a single-beam spect:r:onu;n:ers wi~::h respecl: to i;laseline stabilit;y <md 

reliabiliey and the idea has been larwely abandoned to this date. The 

:::eason for t.l:le failure of the early dou:ble-be.am inst.r\llllants was that. the 

'C'I/"0 separac.e optical pa.t.lls wera just. that, sepa.rate. If one opt.ical 

element: got. misaligned, or fingel;'printed, ana its respecti.ve mirror image 

eleroene did noc undergo the exact same change in ~ts spectral response 

~haraceerisc.ic then the accuracy of the baseline of the instrument was 

-::-;:mpromised.. 
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1!7 •ry o( t;h• rnuqt;i= 

'l'his 1.nven~:ion provides a met:hod for ac:hitrTing a c:oq:~leee, quasi.­

simulcanecus, long-cerm stable, fully spectrally resolvad reference in 

a spec cropnot;ometer wi.t.hout mechanically ll'lc::>v1.ng pares. As a result: of 

using Chis i.nvent.ion, the baseline st.ability of speccrophotometric: 

l!leasur&a~ent:s can be l.ml;lroved l:ly several orders of magni tu.d.e compared t:o 

current: single-beam instruroent:s and hi~hly accurate meas~ements can be 

perfcrmeo reliably, even in uncontrolled or hostile environments. 

:tlllPort:.ant applications of chis invencion include IR proc::ess control 

sensors and IR biomedical home monitoring sensors. 

In the f~llowirtg, ~he nota~~on 'of 

Tab.I will be used for the four 

opt: ica.l :t;;..,ams ar.d chair respective 

e.lect::i::al couneerpares. Als.:::~. 

t~ansmission mea5urement will ba used 

-.ru.::r: 

source lA 
~NWPl..• 

Source fB 
.ll.'llllM'tlnca 

Det:6cl:o:t:" J;letect:=r 
I li 

!r..:n::~t. l.~~ta~~~tL•· k«~UIII'I,t:• 

s•~ sn .. 

still s:t: • 

as an example. The invention, however, can be applied to other 

. spectrophotometric measurements like absorbance or reflactance. 

The basic idea l:lehind. t.his invention i.s to use two sources and two 
. ' 

det.ececrs, theral:ly liefinill.Q" four opt:ica.l beam p11.t:hs chrou.gh che system, 

and have each and every optical al~t: in thil sysc&a~ be usliiO by a.c least: 

c.wo , over lapping and mutually ~ef erenci.ng, beams. The triillsmi ss ion 

specc~~ is computed as a ratio of two ratios: 

(1) 

. 4 
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TWo be~ are mu~ually referencing whenever they fo~ a ratio in Eq.l, 

111 .;;. , bei!I:PI sii.,.. re:feranc.e11 with s1r. and. sn• but not. with 518• :tn cl:le 

followinSJ, sua will be called t:he sample beam; s:n11 will ba called the 

reference beiiLttl.~ and st,. a.nd. sz11 will be called t:he i.mn:rUI:!lent: beams. The 

ratio szx~.; sz:a. :!.n Eq.1 is t.he spec't.rophotc!NIIeric ratio and.. provid.es 

spec':::al inforl!l4tion &oout t.h.e sample. The inserumenc beams do not 

provide spectral info~t.ion abouc the sample but do provide speccral 

in!o~tion about the baseline of the instrument. As will be explained 

in de't.ail later. referencing ca.n take place between all possible pairs 

of referen~ing beams in actual TECS spect.rophotometers. 

The closer ~ two be~s of a referencing pair are to eac~ other in 

space, i.e, t:he mora tl:'.liiY overlap at che optical surfaces and in 1:.h.a free 

sp~t-ce bacwean optical surfaces, the less sensitive t.he baseline of ::he 

ir.scr~ent will he with respect: to dust, absorbers in t~e atmosphere, 

mechanical misalignmentS· etc. Praccically speaking, TEC5 s~eccrophoto­

met:ers should l:le designed. for maximum :beam. overlap chrouqhou::. cb.e system 

in or~er to increase baseline sta:bilit:y and reliability and in order to 

avoi.d eXl;lensive baseline pr:~tection mechanisms like purging. 

Of course, ltiven ehe vary nature of th.e measurE!Il1ent:. ch.e sllllll:lle beam 

and the reference beam need to be separated in space somewhere in the 

system so that one beam can hit the sample and the ocher che reference. 

In many applications, however, the area of separation can be rest.ricced 

co a small space in.the immeQiate vicinity of the sample which, in turn, 

can r~latively ea.sily l::le prctected f:rom. environmental i.nfluen.;es. !n 

par~icular, che area of separaticn can be placed inside an optical ~lass 

t.·:l ful~y benefit from che I.IDiformity and envirorunent:al stability of t:he 

p.7 
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;;lass. The state of the art of optl.Qal. design xnaas availa:bl.e t.o opt::l.c:a~ 

engineers I!U:ld spact.:cosc:::opists a large var:l.acy of C.ifferen1: designs by 

which separation of sample ~ reference can be a.chi.vea in a pror.act.ed 

environment. In practice, choice of design will depend on the physical 

characterist:ics of t:he suq;:~le. the type of spectrollletar used. (a.g. FT-IR, 

gra.t.ing), and t:he type of experiment (e.g. t.re..nsmission. reflect.ion). In 

t;;be following, t:b.rea pareicularly useful dasi\1Ils will be described in 

decail. 

B:ie~ pesg:iption of the p;ayinq• 

FICl.l sb.ows a preferred. eml:lcdi:rumr. of Tl!!C.S for a diffuse reflec:e::.on 

experi.:nent and an LEC array based instr'\ll!lent. 

Fig. 2 snows a preferred embOdimlllllt. of 'l'ECS for a transmission e:<pGiment 

and a detector array based instr~ent. 

Fig. 3 shows anoth!ilr mnbodiment of TECS !:J::: a t:r::an.srni!llsion exp!ilriment. and 

a deeector array hased instrumenc. 

A preferred ~od~t. of TECS for a diff~se reflection experiment. 

using an LED array basad instrument is shown in F!g.l. 

Two LEI:! arrays (lA and l.B) th&c. ma.y or may nor. be packagild. int.J a 

single package, emit light onto a grating (2) and monochromatic images 

( 4A and 413) are fotlllEid in the e:Kit: slit I 5) of I!lOnoc:hroma t.or ( 31 . The two 

arrays (lA) and (l.S) have identical nu.mber of emit:ters and iden~;:.:::al 

spectral coverage. Mirror (6) and lens 17) ~rect th8 cwo beams onto a 

oeamsplitter (8) where a small po:ction =f the radiation power is reflec­

ted and ii directed tbro~gb lens (9) t= detector I (10). ~etec:tor : (:Ol 

p.o 
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clet.iiCts the twO in.st:rumct bei!IIIIS sx,. and s'•· t.etiJJ I 9) is a ltohl.er lens 

~t Lmages tba apertura.o~ beamsplitter (8) onto detecto~ t (l0), i.e., 

the two be~ are not separated at detector I ~10) but are overlapping. 

Most of the optical power. haw8Ver. is transmitted through beamsplitter 

(BI and lens (ll) ~mirror (121 to an immersion lens (13) contacted by 

the sam.ple (141. Lens (U) is dimensioned big enough t:.o allow significant:. 

separation of t.he Sa:II!Ple beam and t.he reference: beam to oct::\:l.r only within 

the glus of (13 l and is maO.e out of, e.g., Bk-i. fused silica, or 

si!I.P'l:lh:i..re. The sepa.ra"t:ion of the LED images t4Al and (4Bl in the exit: sl:i.t 

{5) is usAd to fOcus the reference b~ onto the reference standard (15) 

which is Ummersed and protected in lens 113) whereas the sample beam is 

directed onto the sample (14). Th& diffu1ely reflec~ed op~ical signals 

from both the sample (14) and. the refarence (15) are collected by pick-up 

optics Cl6l and concentrated onto de~ec~or II (17). ~etector II (17) is 

used to detect both the sample and the reference signal whereas detector 

I (lOl is used to C.ete<::t ehe two instrw:nent beams. The d.eeec:tol:' si;n&ls 

are amplified by pre-~s (18) and Cl9l and fed into a signal processing 

electronics (201 t:ypic&lly comprised of a.d.ditiona.1 amplifiers. a. 

multiplexer. s~le- hold, an A/0 converter. digital signal processing, 

a central process1ng unit. and associated digital hardware. 

The op!;ieal signals &Ill!. t:t:ed l:Jy the· two arrays ( s_.. and Sal are 

modulated in time, e.g., in a simc:>le on-off fashion in which only a 

single LEil is on· at a tiliifl, Electronics (:l.Ol is used to dGm~odulate the 

two detect:or signals (51 and Sul ami separate t.he four co~~Q;~onent.s, si~~., 

s•
8

, sn,., st=s· l'hase-sensit.ive Clexmdulatiot~. is prl!!ferred and is achieved 

by h.aving control electronics (21\ provi4e tilllin'il si91111ls (21.a) to bct.h 

thl!! LED driver (22) and the signal processing elec~ronics <201. The TECS 

I" • ' 
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double ratio < S:q .ll is the!:l. cQIIIPuted. ey the CPU in ( 2. 0) and. Cha result:.i:lg 

diffuse r•f1ection .ceatrum is displayed on display 123). 

At any one particular wavelength, the syst~ shown in ~ig.l will 

produce the following TECS double ratio result: 

whera; 
i,.. LED emission, array A 

t:ransmi~u•ion, f~:""cta. a.rra.y A. 
tl:.l beU1Splitter 
crans~iasion ehro~;b 
:ce~pli~ter. array A 
o;.ransm.i..ssion, from beam­
splitter to sample 
oiffus• reflection of ~be 

sa.mple 
~ransm.i.ssion, Erom s~le 
eo C!etector I:! 
reflection of baam-

.splitter, •~•Y A 
t::ra.nsmission, frC>In beam­
splitter eo ~t:eccor L 
array A 
raspnsivity of det6C1:01:' !I: 

(2.•) 

(2.b) 

r.,,, .. r_ 
T lw41i1 11 • T IW-4It 

r-.... r....-. .• 

(2.c) 

(2.d) 

(2.•) 

(2) 

LED emiss~on, array B 
transmission, from array a 
to :t:leeJI.'I.IIpUt-::er 

'l•s.a transmissiQn through 

&o.ot 

h6amsplitter, array B 
transmission, frcm~ bea.m~ 

splitt:a~ to refe~ence 
g~ffuse reflection of th• 
reference 
tr&namisaio~, from 
ref•rance to detector "I 
reflection ~f beam­
splitter, &rray B 
transmi•aion, from beiUII­
spliccer to oa1:ec:coz: I, 
array :a 
responsivity of 11etect:cr I 

T::'le .,.. sign in Eqs.2a-e is usi\6 t:o allude to an import::ant. 

point, viz. the diff~~ca between ratiometric accuracy and stability, 

Ij! acc1,1racy is rE!(ZU1red., t:.hen che optical system needs t.o be designed in 

suck'- a. way t:tuu; each pair c:E paramet.ers in EQ:s. 2a-e are equal. e.g., 

'l'ss.A"Tu,a• at all wavelengt:h$1. If sta.bility ill! required. then t:he 

p.8 
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paramet:.ars do not: need to l:le equal il1ll.d t.l:le opt:ic&l system only D88d.s t:o 

be dasi;ned. to assure s-tabilitY of !:he ratio of each J:)air of par-t:e:rs 

in Eqs.2a-e. e.g., Tu,A/Tu,a• over t.ima. Ma.ny !ipe«::t::i::oph.ot.omatric 

applications, in fact, only rll!qUire stability and designers of '!.'ECS 

spectropnocome~ers can use this re~irement co their favor. 

All optical elements in Fiq.l are being used by ewo, 

overlapping and mutually referencing, beams. The be~ separation at tAa 

exit slit (5) does not violate the TECS principle beeauae T0,_.89 and Toa-u 

are reference.;L out between detectors I· and II, and not betwelll!n s.ources 

A and :a (c!l'IP. Eq:.2l. Generally, for syseems similar to the one shown in 

Fig.l. bQI.U!IS do not need. t:o be close in iiP<iiC& before che beamsplit:~:er but 

only a~:, and after, the beamsplitter. 

A ~refQrred enbodimant of TECS for ~ transmission experiment 

~sing a detector array b~sed instrument is shown in Fig.2. 

The radiation from two broad ban~ sources <SlAI an~ (SlBI that 

may or may nee 'ba packaged. in eo a single package, is collected .by a lens 

(S~l and directed towaras a be~splitter (53> where a small portion of 

the nd..iation power is reflec::t:ed and directed ch.rough lens (Sf.) t:.o 

ener~ce slit (551 of spectrograph (57) . Lens (541 is a Kohler lana that 

images the aperture oe be<iimSPli;:ter <53) onto entrance slit (55), i.e., 

~:.he 1;1o10 beams iitre not saparat;ed at: entrance slit (55) but form an 

overlapping ixnaqe (!;;6). Polycllromat.ic i11111ge (5Ei) is wllvelenqth-dispersed 

•r.d. imaged ey concave !if:t"atiP-9' {SB) once detector array I (59IJ, 1!40St of 

the o;11:ic~~ol power, however, is e.r=Slllit:.ted :by beiUIU5plitteZ: (531 and 

enters an environment.al prot.er;..:ion box (70 l throu11n a winaaw (GO) . :;:ni51Q.e 

p. 11 
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( 701 , t:he Batl!(.lle lllld t.he reference l::leiUII.S separat:e; the Bample belllll (from 
by .lens 61 

source 5lA) is focussed./\ onto t:tl.e SIII%!Ple ( 62 J 4D.d t.l:le reference :be~~~~:~ (from 

source 5lllll is focussed. onto t.h.e reference st:andarli (63) • The t.wo belllllil 

ovarlap a~ain at lens (641 and leave J;lrotect:ion box (70) t:hJ::ough window 

{65l. Mirror (661 ·and lens (671 ~irece the radiation towards a second 

ent:rance slit (68) of spectrogra-ph C57l. Speet.rograph (57) is a so-called 

"dual-'bea.m• spactrograph similar in it:s optical design t:o, e.g., the M!l-5 

roodel from American Holographic (21. The main advant.age of incorporat:inq 

a. •dual-belllll' spect:rograph int.o a TllX:S spec:trophot.omet:er is the 

significant teduc:t.i<:m of opt.ical and opt:omach.anic.:al pares compared to 

using two separ.at:e spect::rographs. In addition t.o conventional "dual-beam• 

spectrographs having t.wo entra.nc.:e slita and a single detector array, 

speetro~raph (57), howevar, also has two detector arrays making it:. a 

fully operational O.I.IAl-bea.m su.'bsyst:.ent \lllder the TECS met:hod. 'I'he cwo 

det.ect:.cr arrays (59Il and !59II) of spect.rograph (571 are ~ranged Ln a 

standar~. so-called •over & under• arrllllgement which is accomplished by 

locating- th.Eil polychro.tt~atic.: iiNlQ"&S (56) and. !69) at: different: opt.ical 

heights in entrance slit.s (551 !md (681, ra$ileCt.ively. As a result., image 

(561 is dispersed and imaged onto det.ector array (59!) while image <69) 

is dispersed and Un&ged onto detector array C59II1. 

The driver electronics for broad band·sourees C51Al ana C51BI 

and the .readout and signal p:-ocessing electronics for detector arrays 

CS!Hl and C59II1 are standara.<;:omponenu and are not shown in Fig-.:2. 

aroad ban~ sour~es (5lA1 and (51Bl are modulated in time and moaul~t:.ion 

preferrably is in a simple, al~e~ating en-off fash.ion. sources (51A) and 

(5lli!l are prEiferra.bly solid-statli\ sources witll fast response tillllul, e.g., 

broad-band LEDs in t.he near IR wave len,.-~ rang a [ 3] . Detector arrays 

p.12 
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1 snl anli ( S!ltll a~:e p:rt~~ferrably; intfil9%'&ted. mcm.olit:ll.ic:allyr packaglld 

into a sill.~tla pac:Jc:aga; and have mult.iplexaa readcu.t:. elect:ronic:s in t.be 

pao:kage. Phase-sensitive d.aalociular::ion of tha specual si~als deteeted 

Joy ax::rays ( 59Il anCl ($9II:) is :;;1referr&d. After dt~mCdula.l.'.ion, th.e TltCS 

c!!.otilile...;rat.io ( :e:q. 1 l is ~omput:ed v..singo s t:andard s:i.IT!llll process il:::l.g means 

(carp. discussion o:f Fig.l o..boVel. The different: opt.ical and. electro­

optical t:r~~.nsfer far:tox:s in t..b.e system tri!U\sfer function of Fig. 2 ea.neal, 

lika they did in gq.2 for Fig.l. 

significant:. a.dva.nt.&Q'es of the TEC:S method as Q.em.oc.st.reu:ecl. i.n 

Fig .1 and Fi;-. 2 al:love includ.a: 

1. source emission drift referenced o~t. s~lt.aneously 

2. d.&tilctor rasponsivity drift. referenced out: in fast titne-IIIUltiplex 

3. fullY spect.rally resolved reference 

4. long-term st~ility of optical co~onent:s not required 

5. comp~etely referen~ed system. all optical co~onents included 

e. s~ec~:rosr:opic referen=a standard permanen~ly sealed and protected 

7, no meenanically ~cving parts 

Another embod.im.enc. of 'l'ECS fer a trll.l:lllmin:i.e~n ex;>e:d.meru:. and a 

detector array based instrument is shown in ~ig.J. 

Radiation emitced from a tungscen source {lOll is collected hy a 

lens (1021 ~d d1rected tawe:rds a mirror {lOJl ~d beamaplitter (104). 

A c::eppar blade (100) with two sta<;r!;l'ared slots (lOCAl ana (lOOBl that are 

field scops in the optical pat:hl of ens system, is used to provide two 

spa.eially separated, modula.t:l!d. sources. A portion of t:hl!! radiation power 

is reflected by beamsplitt:er 11041 and directed tnrough lens (lOSl and 

p. 1 :3 
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slot {lOO:tl t:o mirror (105) a:nd. beamapli.t:ter (1071 wlle2::e pare. of the 

optical pewer is reflect~ l!llld focussed. by lens {1081 onto entrance slit 

(10SJ of spectrograph (1111. Grating (110l ot sp~t.•oqxaph (111) 

·diSperses and focusses ehe radiation onto detector array (1.12) • Most of 

th& optical powar is transmitted by 'beamspl it eer ( 1041 and enters an 

envirQnmental protection box <1211 through a window !115). Inside (121), 

t.he siiii\Ple lUld the referemee bea.rns separate, the ilaJ!II:lle beam (from slot 

lOCAl is focussed by lens (115) onto ~· sample <1171 and the reference 

beam (from slot lOOSl is focussed by lens ( l.l6) onto the reference 

standard (1181. Tlle two beems overlap a;ain at lens i119l and. leave 

protection bolt (1211 t.h.rough window U20J. Mirror (1221 .and lens (1231 

direct ene radiation t:hrov.gh. slot. ( 100 II> and .ecwards beamspli t:.ter (107) 

where the sample and ene reference. beiiiils are recombined with cb.e 

instnu:lient be2I.XIIS. Lenses 11051 and (1231 a.re Kohler lenses chat:, in 

combination with lans (108), imaQe the apertures of beamsplitter (10*1 

and mirror 11221, resp!IC:tively, onto ent:rance slit:. (l09l. The driver 

electronics for :broad ~d source 11011, the control elect:ronics for 

cho~er blade {1001 , and the readout and signal processing electronics 

!or d.ec.e<::tor array 1112) are standard COIIJPonents and are not:. shown in 

Fig.3. Detector array (1121 preferrably is integrated~onolichieally and 

has multiplexed readout electronics in the. package. 

The rnain difference between tha TECS spectrophoeometers shown in 

Fig.2 an~ Fig.3 is that:. the system shown in Fig.J uses a chopper blade 

(l00l with slots (10011.}, (lOOB), (100I) Md (100!!) t.c apply the TECS 

referencing method to •conventional' systems with a single mourca (lOll. 

single antranee slit 1109), and single detector array lll2>. The $Y3~~ 

shown in Fig.] proviaes a relatively straightforward and cost-effec~ive 

• 14 
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way to upgrade ex.i.st:inll inscrumant.s w:l. t.h ehe 'I.'BCS :re:eez:encing met:.hofJ 

cecause lllAl:lY of t.odi!IY.' s insl:.rUIIMIIlt.s use ~:hopper cla&as foz: source modula­

tion anyway. In Fig.J.A, slot.s !lOOAI, (10011), (lOOJ:l and ClOOI.Il ue 

arranged in sueh a way that. the four signals s1n. s.~.•. ss:ti, and s11•, 11re 

modulated in t:ime, i.e., one signal is detec-c;eci at: a time; A.n alt.ernativa 

is sl1Qwn in li'ig. 3:8 where the four ];)ell.lll.s are mod:u.lat.ad. in frequeney wh.ieh 

::.s acc:omplishatl. by havi.ng t:he openings of eha. fo1.1r sloes su.beend 

dif~erent: angular periods. Phase-sensitive demodulation of the spectral 

signals detected by da.eector array ( 112 l is prefer::l!ild ~ can l::>e realized 

ey using either time modulation and ;a ted. amplifiers, o.r frequency 

moaula.tion and locX:-in a.J:lllillifiers . After demodulation, the TE.CS double-

. ratio !Eq.ll is oompueed using sta.neard signal processinr.; means (c:IJ<P. 

disc~ss~on ot Fig.l above). The differenc optical and elecero-opeical 

eraosfer factors ~ the system transfer function of Fig.J cancel, like 

e~~Y dia in Eq.l for Fig.l. 

The syst::ams shown in Figs .1-3 are merely ex~~.~q;~les of e.b.ree 

pareicularly useful deuligns of 'l'ZCS spec::trophotometers. Modifications are 

possil::>le to tne cpeic:al design of the relay optics, the speetrograp~. 

&nd the sample/refarance optics; as well as t::o the modulation scheme of 

the sources. Modifications eo, e.g., the systam in Fig.2 include: 

the dual bealll spect.rcgraph could l:le replaced by t:wc sapara.te ce:z:ny-Tu:rner 

specc::oqra-phs with one entrance slit: and one detector aJ:"ray oeet.ch, or, ehe 

ewo broad-band Ll!D sources could :Oa modulat:eli in frequency inst:ead of in 

time, or, the two bJ:"oad ];)and LEOs could be replaced ~ a tungsten bulb 

a.nd a chopper wheel with two s t:aggu-ed. slots if mechanical movement were 

t.;;>larlli:lle, or, t:.he ewe l:lroad-lJUid !..EC sow:ces c:::uld he replaee<:i by a 

cungsten b~lb and a modulated QPt.ical ~ileer cransmitting only one of ewe 
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sc.at:es ot polarizat:ion ac a l:ime in wh.ic:.h. e&JIIe a polari::z:a.cion-sensi.civa 

l:uaamsplitter could be uaed. to •~r<:Lte 4ll.c1 reeomb:!..n.e t:he sample bea:m mel 

c.he referen~:e l::leiLIIL at the .se.mple. 

It is Unportant to note that ~ TECS referencing method can be 

applied t:o all eypes of spectroscopic inst:rwrumts and not just to inst:=­

ments using diffraction gratings. Again. Figs.l-3 are merely examples of 

TECS spec:trophoc.omec.ars and. the idea is simple enough tl:ul.t: it can :oe 
applied to many alternative systems. TECS, fer instance, can be applied 

eo AOTF-:Oased i:nst:rumex:u:s or to E"ourier-T:ransfoX!Il spectrometers. I.1·1. fac:t, 

TECS wor~s !or anybod.y who is willing to ine:roduce a secon~. modulat:ed 

source and a seeond d.ateeto:r into his system. By applying t:he TE:CS 

method., t.he task of deei;n:l.n;r a lile.able spec:erophctomeeer is :::educed. eo 

the tali~ of designing stable sample opt:ic:s. 

Lastly, it is mentioned that the TECS meehcd c:an hava applications 

oueside of the fields of crv, VIS, NIR or !R spectroscopy, viz. for other 

.rae.iometrie meall'l.lremencs where the concept of "beam. overlap" applies. 

• 14 
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What Is Claimed 

l. A method for refa:renc.iJ:I,q spacerophot.emecers c:c~:~~Prisinq che st:eps of: 

al w.s1ng two radiation sources <tnd. two rad.iat.:i.on detectors. thereby 

astablish.illg four optical beam paths t:hrcullh tile sysn::am; 

b) modulating ehe two sources with different. tilne functions: 

c) having eaeh and. ErVery opt.ical ellillllllnt in thE! syst11111 be used :cy 

at least two, overlapping and .mutually referencing, beams: 

dl separating one pair .of mu.t.ually referencing beams at a~: lust 

one point. in ~he systlllll and positioning the s~le into one of 

tlle two bellii\S anr:i the reference int.o ehe otha.t:" OliillNIII , 

a• damodulatinq the dcu:.t~e:t;cr Si!OD.&ls and sepa.rat;ingo t.hll signals due 

to the four optical beams; 

f) cOIIIPUting the spec:t.rQ'PitOtometrie rseio 111 a ri\.tio of twg l:'lltics. 

2. The method as set. forth in Claim 1. wherein tile area of separaeion 

between the s.;u:nple beam and the reference beam is restricc.ecl. c.o the 

interior of an opeical glass elsmenc. 

3. The mec.ho~ as' set Eo~th in Cla~ l, wherein the area of separation 

between the s~le beam and the reference be~ is proc.ecc.ed l:ly an 

enclosura. 

4. 't'he ltlllt.hocl. as see fort.h in Claim. l, wherein t:he two radiat.ion 

sourcea are rsplacecl. by a single source and a chopper wheel. 

s. The meehod as set forch in Claim l, wherein the two radiation 

sources are replaced by a single S®rce and an optical filter 

transmitting ocly one of two states of pola:r:i~ac.ion at. a c.ima. 

6. The met.l:l.Qcl. as set :ore!l. ic. · Clai!'ll 1, wherein. the t:.wo racUatic;~n 

det.ectora are ~epl~ad by a aingle datecc.or ~a chopper wbael. 



nf'"'l C.~ C.OO:::J ~~.-t~ o :r nocttoc :r ttcrnt'i 

Mar 15 c005 11:42AM HP LASERJET FA>C 

... -l >"<:' 

T-...... // ' 
~ ' ./' -...... '\. 

/ -- .... -............ 
....... ' .... ....... 

...... / 
..... ---// 

/ 

' / 

"' 

0 
c:: 

........... ..!'::'_.~, ... ~ ... ?.. 

p. 18 



Apr ~1 ~oo~ 11:~1 D I ASEI15E I 11CFAX • 1 7 

Mer 15 2005 11:42AM HP LASERJET FAX 

---

--



nt'' "" C.OO::.::J J. J. • ""t J. o z n.::lc:ttoc: :r ttcrnr; '"tJ.CC.'TOOO:::J:::J I'"'. J. 0 

M.ar 15 2005 11:42AM HP LASERJET FAX p.20 

<( 
0 
C> - 8 -

<( r:n 1'4") !"") 

<..:> (.!) 
u_ G: 

m 0 
C5 .;:§ 0 g 9 0 

~ 

8 -



r1 .~ t::l t:uu:.... 11~..,.t:: 

Mar 15 2005 11;40AH HP LASER.JET FAX 

Appl~~ant or Patentea .. :~E=a=l=f~M~a~r=b~a~c~h~:::::::::::::_ 
serial or Patant No. •-

Attorney'• 
Docket No. • 2301-960681 

Filed or Iasued1 
Fo~: tiCS - A New leferapctnq Method for Spe~rpphotgmpt•r• 

WRII!':mD S1'A:cBI!!IliiJI'1" C IIBCLUATXCIII) ct.• 'JMTJOG BJIA:LL Bll'rl:'rr SDWS 
(37 erR 1.9Cfl & 1,27(0))--SMaLL BUBIKISS OONU&kK 

I hereby deolara that I am 

th• owner of the lll!lAll business oonoern id.entU.I..ed l:lal.ow: 
...lL an official of the small l:>usi.nese oonoern ~ te act on beha.l.f 

of the concern identified below: 
NAME OF SMALL BUSINESS CONCBRH~~--~D~i~a.us~e~nHeue~.~I~n~o~.~~--~~~~~~~---­
ADCRISS OF S~ BUSXNISS CONCERN The Bgurae, auildigq 2500, find Flopr 

2275 SwaUgw lUll 1!\gil!<l., Pittt!;>u.rqho PA 1S2gO 

I hereby declare that the above identified &mall euaLneea.conQarn ~alifiee 
as a P>all businees concern ae defined in l.3 Oli'R 121.12, and reproduced in 3? CFR 
1.9(d) 1 tor pu:rpoecas of paying reducea fees to ths United Statea Patent and 
Tl;'aclemark Offi.ca, in that the nwnber of amployeea of tlle concern, inclucii.ng those 
of ita aff~liatea, does not ~ceed 500 persons. Fo~ purposes of this statement, 
( 1) the numl:>er of ...,ployeea of the bud.nase concern is tbe average ova~: the 
p~:eviona f~scal year of the concern of the parsons .,..ployad on. a full-t:l.ma, 
part-time or temporary basis durLnq. each of the pay periods of the fiscal year, 
and (2) coneerns are affiliates <:>f eaoh othar when aLthel::, . directly or 
indirectly, one concern cont~ola or has the power to control the other, or a 
tl>ircl party or parties control& or has the power to control both. 

I her~ declare that riqhta un~er cantract or law have been conveyed to and 
rama.in with the small bu•intitsS eoncern i<lantified al:love with rsqa>:d to the 
invention, entitled T§CS - A New R&terenging M!thod for s~etrophqtgmptars 

by inventor(•) B'lf Marbaqh 

~ee.oribll!d in 
·the speoificat~on filed herewith. 
application •erial. no. , file"'------------pa.tent no. · , iaaued. ______________ _ 

If the rights held by the above identi~ied small bgeinass concern a~a not 
excl,.e.ive, each indivi.dual, concern or organ:l.zatio., having rigbts in ths 
invantl.~;~n is listed beLow* and. no righta to th• ill-vecti.on an held by any person, 
other than thw inventor, who would not qualify as an independent inventor unQer 
37 CPR l.ll (C) if that peraon made the j.n..,.,tion, or by any cotloarn whieh 1110uld 
not qualify f,S a IUI'IAll J:>usiness ooncern under 37 en 1.9(d), or a nonprofit 
organization under 37 Cl!':R 1.9 (e). *NOOB• Separate verified statiUienta are 
required from each namecl peraon, concern or organization having rignte to the 
invent.ion avarring to their statua a.a small entities. (37 CFR 1.21) 

~=s~s~-------------------------------------------------------------
_________ .!NDIV!PCAL__, _____ .SMAL£ 3VSINBSS c~CERN~----~NONP:ROFl~ ORGANIZA~IOK 

I acknowledge the duty to file, in this application or patent, notification 
of any obanqe in status resulting in loecs of entitlement to ~mall entity etatus 
pr~or to paying, or at tba tima of paying, the earliest of tne 1•e.ue faa or any 
~aintenanoa fee due after the data on whigh status •• a •mAl~ entity i• no lon9•r 
apprcp~iate. (37 CFR 1.2B(bl) 

p. 1 



H r ~1 ~uu~ 11:4 UlHStoNS 

Mar 15 2005 11:40AM HP LASERJET FAX 

:t hereby declare tl"l&t a.J.l statamanta ma.Qa herein of my own knowleage are true 
and that all statements made on information and belief are believed to be true1 
and further that these atatemants were mada with the knowledge that wil~ful falae 
etat~e and the like so ~ &re punisl"l&ble by fine or imprisonment, or both, 
under section 100~ of Title 18 of the United States Code, and that such willful 
false statements may )<aopardize tile vaU.cU.ty of tl!.ot A'Jn'liciation, any patent 
iaeuinq thereon, or any patent to which this verified statement is 4Lreoted. 

NAME Oil' PERSON Sl:GIU:NG pa.'<'id I. Stau.W!!!!!Aiar 
TITLE OF PERSON XF OTHER ~ OWNBR Vioa P£ssident 
ADDRESS OF PE~SON S!GN:J:NC Th!!! Bourse, BUilC!inq 2!500, :2nd Floor 

[I . 2275 Swallow !!ill Road, Pittsburgh, PA 15220 

SicmATtffiB dd [ · ~ DI!!.TB ") l·v r / 'fi:. 
.l! _ " c: r> .. .~--:- ,1 . . I I 
..>'~ (" L.A.-<~?1~--e-t:. 

I 

p. 2_ 


