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SPECTROMETER, AND METHODS AND SYSTEMS FOR MANUFACTURE
AND ASSEMBLY OF COMPONENTS USED IN SAME Field of the

I nvention The present relates to infrared

B¢ Wit ers, and also to systems and net hoBETABI005/@0305
manuf acturi ng and assenbling optical conponents
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WBHH R I, when the US Office of Rubber Reserve identified the vse of infrared
spectroscopy as an eifective means for measuiing the compositions of the synthetic rubber
compounds, and demanded the development of infrared spectrometers capable of
operation from 1 pm and beyond. Since 1950, infrared spectrometers have gained wide
acceptance by both the scientific and engineering communities. The first generation of
these spectrometers utilized the opﬁcal dispersion of infrared radiation by rock salt
materials such as sodium chloride (NaCl). Later these hygroscopic, or moisture-sensitive,
rock salt prisms were replaced by diffractive gratings made with glass substrates, In

general, these early infrared spectrometers weighed over 200 pounds, and were packaged

in a space larger than 7 to 8 cubic feet in volume.
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| WD 2006/ 007344 PCT/ US2005/ 020305 1In addition to the
di spersion-based infrared spectroneters, in late

1960s, with the advancenents in |lasers, conputers and
data storage devices, a new type of infrared
LWPYWHEE er based on the principle of opticBCT/US2005/020305
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approach or enter an area. However, due to the
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spectroneters have not been w dely used as a
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For maﬁy modern indusirial, security and military tasks, the abilities to detect the
infrared spectral signatures of chemicals on the surface or in the atmosphere is highly
valuable. These types of chemical information often can be used to determine the quality
of a production process, or to evaluate the danger to approach or enter an area. However,
due to the limitations in size, weight and ruggedness, infrared spectrometers have not been

widely used as a first-line detection or monitoring tools for these applications, but rather

as an off-line or laboratory validation tool.
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2 WD 2006/ 007344 PCT/ US2005/ 020305 To alleviate the

practical limtations nentioned above, it would be
desirable to devel op a sensitive, |ight-weight, rugged
and conpact infrared spectronmeter capabl e of

WO2e5(001d4 and/ or i dentifying different chen BeI/US2005/020305
speci es under hostile service conditions. To achieve

t hese goals, a conpact optical spectroneter design is
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Inthe prior art
instrument or the mirrors within an FTIR, these glass-based components are often glued or

clamped to mounts before they can be secured and then aligned. The accuracy of the
gluing process, the possible shrinkage of the glue or epoxy and the chipping of the glass
edges, all place uncertainties on the precision of the final alignment. As a result, these
instruments need frequent maintenancé or alignment after leaving the assembly line. Even
during the assembly process, highly skilled opticians are required for proper alignment of
all of these optical components, making the production more costly. The present
invention provides a solution to these and other shortcomings found in the prior art.

Summary of the Invention

3



Sunmary of the Invention 3 In the present invention,
a conpact spectronmeter operable in a wavel ength range
of 4.5 or nore microns, conprises: (A) an entrance
slit, a collimting m'rror a grating having a grating
surface with rulings that disperse radiation, and a
focusing mrror; and (B) a two-dinensional array of
In @6 I%gemﬁm&hﬂ&h diRAler SIS AL LIONPARS 595
th?ough thé slit éagﬁ)gws ar?roptl ca pattgllghn wﬁ?c said
migipns, ga¥is®one radi ati on passing through the slit is
rengﬁaMMh% GRinlakiflB i, AThehf
surq‘ Zce Nich in t urr?lr h ect%tlt%rhég@%%sggﬂglgggﬁcgwgn
onto f%légﬁtb@lsﬂsﬁpﬁge niliptiay, and/dﬁocthlmgmmm, md ef | ects and
;gg&z%%@{hﬁleg&&}aiﬁp orf{rélagér%g % V\g}e}'em at&l\ ast rSt ftidP 'aglon pg)ssmg
wher ethmoughe¢headit Fdlagt as opoical paa]dinatrhldnsafd)dtllml srmgletrhtﬁatlon
optlcal se th mating mrror. to the
o at | Riso BB B e By S <o Pl Pl e el
mat er mface whieli 21 tirneaitdttsd letstBorhératifdGort WMo thic TRAShOM@tor
array f detectors corresponds to a ,wavel ength in the

4.5 ol %Fnetuﬁ‘i eV an ﬁ‘@“@sestaﬂéasf Sascdp il 2 A AFst Scplajane

i ncl ugiesondo (k wwellinishsioRd] ag@) UMifedtatwierid 86 tat 1684t ¥ome
correspond to wavel engt hs spannlng the 4.5 or nore

ni cr offdiatpyellowing the grlisad path @asees falp die epilimaiing migtor to the
col unBgidgdbuti®@ JiBuH 8 RShA0 2 BLERY: QhtefgL ECLOr'S
corresponds to two wavelengths that differ by an equal
anotherein eash colvan & the tredisspsienstaraylof tietedidre corpdspindmtaiang
UélEr{ &
e M B 808 ey g
of ¢0éur@qaialt caglectivelysotréspend1td Favaldnigts spachiesthe A.5 o hoee. mikwn range,
o kR R S SRR P B I B8R
commpmils gws ehedgils tlde&uf@fngohnfeqml afbugaind conponent s and

conponent . modul es jn this spectroneter. This
si npITeT | e eﬁ?@C%@@’éhﬂoﬁﬂﬁiﬂaatwﬁae’é%rs FEaE Bhiocusingdmiprppgad the
first focal plane are positioned within a volume that is equal or less than 192 cubic inches in

size,

In order to improve the ease of assembly and maintenance on such an infrared
spectrometer, a push-and-lock mounting scheme is designed for optical components and component
modules in this spectrometer. This simplifies the assembling process and at the same time
achieves permanent alignment without the use of welding, brazing or gluing. In one embodiment,
the assembly method does not require sophisticated optical testing for quality control purposes
.dun'ng the assembling process and is therefore more cost-effective. Finally, due to the rugged
design and the permanent alignment, the spectrometer requires minimal maintenance once it is
deployed, making it a more effective tool for field applications found in factories, public areas
and battle fields. In one embodiment, the present invention is directed to a compact spectrometer
operable in a wavelength range of 4.5 or more microns (preferably 7.5 to 13.5 microns or 4.5 or
more microns within the 7.5 to 13.5 micron range). The spectrometer includes an

4
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achi eves permanent alignnment w thout the use of

wel di ng, brazing or gluing. In one enbodi nent, the
assenbly nmet hod does not require sophisticated optica
testing for quality control purposes during the
V28678449 process and is therefore nore PCT/US2005/620305
cost-effective. Finally, due to the rugged design and
the permanent alignnent, the spectroneter requires
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wavel engths that differ by an equal anount. The

5616 BAJICET the followlngRiesig@tdqhidhdng nirror, the grating,
.the focusing mrror and the first focal plane are
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cubi ¢ |nches in size, and prefera satisfy sone or

uﬁ!iésu@é retiB&ich Or h%nﬂ&x&%%ﬂ scfaﬁéﬁﬂg]r sBB|A LS redheedlor eliminated;
Spaci ng anong the conponents should be tightly

ar r ang&fle sphfiht HHEATSIA A angement of the components should produce the

desired wavelength coverage (on the detector array) without excessive aberration, such as
spherical aberration, coma, astigmatism or chromatic aberration, and without excessive
loss of the infrared energy passing through the slit;

3. In embodiments where the detector array (or infrared camera) is situated at a
second focal plane (different from the first focal plane), the arrangement of the

components preferably allows the infrared spectrum focused at the first focal plane
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undesired reflection or transm ssion and/or scattering
shoul d be reduced or elimnated; 2. The spatial and
angul ar arrangenment of the conponents shoul d produce

t he desired wavel ength coverage (on the detector
W240900%i4¢ hout excessive aberration, such asPCT/US2005/020305
spherical aberration, coma, astigmatismor chronmatic
aberration, and w thout excessive 20 |loss of the
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enbodi nents where the detector array (or infrared
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t wo- di mensi onal ,detector array is preferably

snckitheeiEngl-tornodse pEHRIMagee. no distortion so that a
vertical average of pixels on the detector arr
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or "binned", to enhance the signal-to-noise
foealianingeand sounling ae epsicakasewongnt to asubsiratpwith g pprsision fgleast
present invention is directed to a nethod 10 for
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substrate with a precision of at least 12.5 mcrons
is maploined from aqueterB} @FSted dpreasmimng ayulinm didyerstaanlpassteel,
An optical conmponent is machined froma materi al
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steel, nickel, copper or beryllium The optical
awponehde tha dafifidsoadistiphma. Kytihddvaliod gxiands| asstay fioot the ftat
surface that defines a first plane. A cylindrical rod

tos s @ thd theunt hite ahkipedondiatliraoteulrftplae aindtabRast first
mount at an angl e perpendicular to the first plane,
AAdedtind k&8WE atkidishbsed in first and second cylindrical openings that extend
through the bottom surface of the mount. The first and second cylindrical openings in the
mount are aligned perpendicular to the first plane and have an inner diameter that matches
an outer diameter of the first and second screws. A substrate is provided having a flat
upper surface that defines a second plane, wherein a first cylindrical opening exfends from
the upper surface of the substrate into the substrate at an angle perpendicular to the second
plane, and wherein at least second and third threaded openings extend from the upper

surface of the subsirate into the substrate at an angle perpendicular to the second plane.

The mount is positioned with respect to the substrate by simultaneously aligning the metal

6

elted cbpyebr br berylilinniThe optical compouent & df6xesl to s riunt lpying a flat
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and second screws are disposed in first and second
cylindrical openings that extend through the bottom
surface of the nmount. The first and second cylindrica
openings in the nount are aligned perpendicular to
woaGs/0psH4 pl ane and have an inner di aneter tPeEEUS2005/020305
mat ches an outer dianmeter of the first and second
screws. A substrate is provided having a flat 20 upper

B KitB QR firi@peMBl 18S sibsRAE ARSI GRBing WHRE BioBnBwiH the kecond
cylindrical openhing extends from thé upper surface of

thdGded éﬁiﬁ?‘ﬁﬁh& Qi) Gnd HRSEORE BpdingdR iRt with the third
perpendicular to the 'second plane, "and wherein at
R D e T R
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substrate are aligned, the cylindrical rod.is

Yeireeen thefirst Apgnipg B the pubstraly pnd e pritdries) & Tgjricts lateral
substrate until the bottom5 surface of the nount
movemsnt of theyaowys path regpeqt e the grbsirple. Afisstbe mserting.dhe Bigk 1y
the inserting, friction between the cylindrical rod.
sepahdtshiswh pregotatsg dnip Hry speond ed thind$hreaded openingsirgspectively in the
rotation of the nount about an axis perpendicular to
suhgratd, mherebynthe sevonid cpipetds fhesnbstiateghithregipredisiombgn at least
the first opening in the substrate and the cylindrical
Todimicestsin pasitidnane 075 degres e migulf otitrdativodnt wit h
respect to the substrate. After the inserting, the
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f.i.r stin at@rdafceseition stilsfur theyspece theqiratmdnvention tshirededond.....
and third threaded openings respectively in the

ethed foa hBgnind ¥id@biypling@n Kptial cirSponentid £thotuit wiktea precision of at
substrate with said precision (i.e., at least 12.5

183s€ 1 DB $niérBndIA poéitiOand0 7. BfleHiaghaes oridniaifeil| & optical
orientation.) In accordance with a stillfurther

RAdnt id PRIREE S8R alkRER! AdRidush Moy shaRlkst Qed, nitiRl, Rofper
for aligning and coupling an optical conmponent to a

SFURA1M. { PheAnRheRAShOdQ fodling at least first, second and third cylindrical

openings in the material, wherein the second and third cylindrical openings in the mateﬁal
are threaded. A cylindrical rod is positioned in the first cylindrical opening in the
machined optical component, wherein the cylindrical rod extends away from a flat back
surface of the optical co:ﬁponent at an angle perpendicular to the flat back surface. A
mount is provided having a flat front surface and at least first, second and third cylindrical
openings that extend from the flat front surface into the mount at an angle perpendicular to

the flat front surface. At least first and second of the plurality of cylindrical openings in

7
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provi

15 least 12.5 microns in position and 0.075 degrees in
angul ar orientation. An optical conponent is machined
from al um num al um num al | oys, stainless steel,

ni ckel, copper or beryllium The machining includes
Wor28qorg73a¢ | east first, second and third cyl PoTDS®eH020305
openings in the material, wherein the second and third
cylindrical openings in the material are threaded. A
Y Hoﬁﬁrﬂagsaﬂon%ﬂ@el Srf\RSialthiORREs ffhd Mburlt] Andtfir&t¥hd BbACRbews
opening in the 20 machi ned optical conponent, wherein

4B ?esﬁééh{rcﬂf Eﬂtsﬁ@ed fOle 36t SROSC liddrRm @eﬁih% ini@CKount. The

surface o e optical conponent at an angle

Rt ﬁﬁggdgﬁg Lkabwd Ravk AR ofitePliaRREKmSUhH@RS an MneWathéted o the first
e a at

avi ng ront surface and at | east

gn%ssgcoaﬁ ?ﬂ%@g%&%#ﬁﬁ%{@ Jr[ho%)r%}tl Lﬁllg rﬁ&il the &B&tﬂ'l{}g{ﬁﬁ%}&% Wg]% respect

exten surface 1nto t

Rt BERRRAT b HinfasPugy Al Hq hfS e BELBColne
- i i 7. 06/ 007344 ,PCT/ US2005/ 020305 he. .
e Retens Kl fascBS ORening 4% fhe Tk Eip dBeoat i ed bBhing in the

unt, and first d second screws re respectively.
GIFGE) OO iR 1 S oPGHGE B ROTAUE, PR iF] EERIGHARGRG D the
in the nount. The first and second screws have an
enticalcoppanpt with Hwa%@cq#atoew indhe Mot IHhiRhedrogY apcibe
first and second cylindrical openings in the nount.
optigel coppenappergelignedpibe pylingrea mdo if prepeed jde theghipgeylipgrical
opti cal conponent by sinultaneously aligning the netal
onsdingin tha artongt yntid fhetbhek supped ofdhe aptingl sAmpencnf egntactsdhe front
third opening in the nmount, the second threaded
oples eighé morie Folbpring the issertipgsfntiontietweenlike dylindrical rod and the
opening in the nount, and third threaded opening in
fhivd opayig io dhe mounp orhibits retbtide dftte rsemb akbudpeaHinperpendichlar to
nmount. Wile the nount and the optical conponent are

15

20 .

thk figniexhd bhdkesuefutdsadd tigiahess betwean the third egllindnicel dplesing i thel
cylindrical 10 opening in the nount until the back

putitasetheylitiRicsinbd fatrice¢apanacienkandfahd sohdteviftrrespect to the
surface of the nount. Follow ng the inserting,

bpticelt doRipoiat, WeleRearBE tH\rbtagd kseahd dcpslveaiiéirotAied intdthé skcond and
opening in the nount i-nhibits rotation of the nount

ARAWreA8d BdnSngh SEPEIRHIG M RE obtital édishohe@Nhearbts), Béfilsunt is
surfaces and tightness between the third cylindrica

SRBRI A thk Bplidd€component with said precision (i.e., at least 12.5 microns in position
and 0.075 degrees in angular orientation.)

In accordance with a still further aspect, the present invention is directed to a
method for forming a monolithic metal optical element. A mass of material (e.g.,
aluminum, aluminum alloys, stainless steel, nickel, copper or beryllium) is machined to
form a monolithic component having a first face and a second face opposite the first face.

The first face of the monolithic component comprises a focusing mirror or a collimating

mirror. The machining is used to form a first cylindrical opening for receiving a

8
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nmount and the cylindrical rod restricts |latera

nmovenent of the nount with respect to the 15 opti cal
conmponent. Thereafter, the first and second screws are
rotated into the second and third threaded openi ngs
VOPWOOT3d€l y in the optical conponent, wher ebgI/U$2005/020305
mount is coupled to the optical conponent with said
precision (i.e., at least 12.5 microns in position

cPRrRalAlipmHASA FEPBat dRieAliita91Tro 1he Bécdhd Bide it dnfngle
accordance with a still further aspect, the present

pﬁ@% X I&{l%:%o b Dladé BERHE By HR sBeond GaclBL Reshd 9 indrRETBpeSing for

c tal optical elenent. A nmasS of materi al

ré}cféigrgl a i SAP R exgég?ﬁw&n‘?ﬁ Jch@)ééoonﬁ kb ot a“i‘isa%g}f%ﬁ)@l%hndicular to

copper or I's machined to forma

R SASPRRS i s g

TORR e s SSARBASHY CSRBL SR oY R B RlaPlo e
P S B e o8B B3 0 SR Bt een

rod that extends fromthe second face, at, an angl.e
RS REPERSIPUIRT tp e Tt Tahee O FRIEIDEY SR S porbefiicuig:
second cylindrical opening for. receiving a,fj.rst ‘
scr e aosardanservEdEt afEtpeT asa?ﬁtst%mgséetfﬁ&e%e i digectgdito a
angl e perpendicular to the plane defined by the .

r fosing 28 npticsl gtingeleneitndrmasa L Bperzliges pipminum,
receiving a 5 second screw that extends away fromthe
abmaiovnd afleysestainless steeh gickeleqpperariberyilipn)ipmeshinedde fore a first
defined by the second face. Alternatively, the second
fhaead thefoptiba goging elrinent, e fisshtylindeigal bpeningrthatreatendy fhgm the first
the first face, or any angle between parallel and
fheripenbl matersl at dmanpboermadicalant the frettface, & secodeylindrical
aspect, the present invention is directed to a nethod
dpefing Cor it daiy i St sceent thapreatehdsgfr@h éreefinst fack intadlee rofterial at an

15
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material (e.g., alumnum 10 al um num all oys,
SpRiplRAGEEAae the fiktdke] andeahipdcylntrii biydning fo) rebeiving a second
machined to forma first face of the optical grating
Bledn@MexteRdd fré1f theditkt Mcdihto Fhe MO Bari digle perieadicidarito

the first face into the material at an angle

RS REN A SHindficdl Qligddeenf 10t $d infee@ intdths ERARGliichlrvpeniog)|
wherein, after the inserting, the cylindrical alignment rod extends away from the material
at an angle perpendicular to the first face. A second face of the optical grating element is
fabricated using an epoxy replication process, wherein the second face is perpendicular to
the first face, the second face is formed from a resin layer bonded to the machined
material, and the second face comprises an optical grating. Alternatively, the second face

of the optical grating element may be parallel to the first face, or any angle between

parallel and perpendicular.



opening for receiving afirstscrew that extends from

the first face into the material at an angle

per pendi cular to the first face, and a third

cylindrical opening for receiving a second 15 screw
Waaree3éhds fromthe first face into the makErUIA05420305
an angl e perpendicular to the first face. A
cylindrical alignment rod is inserted into the first

cylindrical openi ngief DB@IBLA of AE DRAwihEe | nserting,
the cylindrical alignnent rod extends away fromthe

mat epi@ire 1 Han3ebnRRGH FeW BF &?ﬁ?ﬂa&ﬁ'sﬁéctrb&eﬁef‘ﬁ af:écfr&atncé @tk the

A second face of the optical grating el enment
Jrﬁsgﬁ dif@dngga Usi ng an epoxy replication pr ocess, vvher ein
secon face is perpendicular to 20 the first face

t he mg%éc?aﬁ&h%rer | a%mgm?a%?ssecél?%{n ]:%g'r Cg%% SeS
A i g
i E"*FC‘EH“H’H“ Bl D087 SoE BT R bS05
SondiPre L igars Ghrsfonaia he Sfahe Setiaf i o pinclsin

accordance with the  present invention. Figure 2 is a
theplepE Aelgriaying WHTElepgh CRYSERECSO) 8 ANIFTOR® ERFoCQdaRGs With the

" Figure 1. 5 Figure 3 is a diagramshow ng the optical

Rﬁﬁﬂﬁﬂﬂﬁmﬂﬂﬂrared radiation in the spectroneter shown
in Figures 1-2, and sanpling and condensing optics.

Fi guFeguasd® [ljugtsatesthe elativashiebetwearibhrqysisad aelawns ofepixels in
rows and colums of pixels in the planar detector and
the planes idetecioharslawesvalgagth fcoGragent drfamicions,de eeofancsevitti the
the present invention. 10 Figure 4B illustrates the
presespitinemsbn.p bet ween the rows and col umms of pixels in
the planar detector and a wavel ength coverage of 4.5

m.cr.@igre b A ilastrasdanargmtddhcdnact gacikeggt fot oveint b gpectrometer,
optics, a detector and electronics, in accordance one embodiment of the present invention.
Figure 5B illustrates an integrated, compact packaging for housing a spectrometer,

opt'ics,' a detector and electronics, in accordance a further embodiment of the present
Figure 5C illustrates an integrated, compact packaging for housing a spectrometer,

optics, a detector and electronics, in accordance a still further embodiment of the present

5
10
15
invention.
20 invention.

Figure 5D illustrates an integrated, compact packaging for housing a spectrometer,
optics, a detector and electronics, in accordance yet a further embodiment of the present

invention.

10




Figure S5A illustratesan integrated, conpact packagi ng

for housing a spectroneter, optics, a detector and

el ectronics, in accordance one enbodi nent of the

present invention. 15 Figure 5B illustrates an
Wapesoa3éd, conpact packagi ng for housi ng a PCT/US2005/020305
spectroneter, optics, a detector and electronics, in
accordance a further enbodi nent of the present

I nverfigues 6-Filtystifte b &ystdnh B8 taligdieg amicobplivgghaptich] component to a
conpact packagi ng for housing a spectroneter, optics,
subsleke &f Rcorditte ihGhd SoscBinvedtioaccor dance a still

further enbodi ment of the present 20 invention.

Fi guriggRéa 4-i 1 1Rbittad £8ysfi fon hRgHR £d coffHiR a6 bpikat K@gpdﬁent to
for housing a spectroneter, optics, a detector an

£t/ iRRbGRdanbdWAR R pHREHEnWRloR further embodi ment of
the present invention. 10 WO 2006/007344

PCT/ 45200%4 gl%géggs a ﬁgtgﬁag%@%%ﬁ ok lgggrg%lﬂ&fdi&lawﬁegwt Hay be

al igning and coupling a ent to a

AR B Suh AGE QLATDE B pbpl NSpAESRRAL 1h1vent | on.

rgures u stemtor al'igning and

LR N R —
AEb Rl i e S el BSR4 2

a conmponent of spectrometer 100. Figure 13 illustrates
an optical grating el enment having parallel faces, that
may be aligned to a nount using the alignnment system
shown in Figures 8-11. 11 WO 2006/ 007344

PCT/ US2005/ 020305 Detail ed Description of the
Preferred Enbodi nent Figures 1 and 2 illustrate
different views of an infrared spectroneter 100 in

11



accordance with the present invention. Spectroneter

100 is conpact (e.g., less than 192 cubic inches in

vol une as descri bed bel ow), and operable in a

wavel ength range of 4.5 or 5 nore microns. In one
WOWH/WEHE, spectroneter 100 operates in thePZTAS2085/020305
13.5 micron range and, in a yet nore specific

enbodi nent , spectroneter 100 operates in 4. 5 or nore

m crons of t Heetgi]cd IPa iof ofithe iyl

enbodi nent s, spectroneter 100 operates in 4.5 or nore

m cr dfigured 1 &2 Bluftratodifférebt vievey affan fisfruged spSpeahataridn ér

100 includes an entrance slit 110, a collinmating
micordaiice W thap@sat inventiohD Spetfromiatdr $00f ie ¢orapaty (. lessithan 192
140. As shown in Figure 3, at |east sone radiation
aRsintlPs il Whet@hs deséribed bBlow)) lah@¥Seratle BRIWHRlenPilitringedf 4.5 or
whi ch at |east sone radiation passing through slit

bkt thisron€f In@fmk bOYimeRe sfeeirdrhét® 100 Fé’fht{& a t{aé— l?.@ t@{['ﬁ.@ micron
ects at |east sone

faﬁ L Aldl 8% ﬁﬂ&@r&éﬁ@cﬁ@&ﬂﬁddﬂﬁeﬂp SpEQfombA? 100Gt hted ﬂ 4t5"6r'1110re

lects and focuses at |east some radiation at

ﬁﬁa&&{s off?ﬁg’l 5 8 BM@%&% %{‘ﬁtﬁeﬁe?f?oohl nfd é{i%@t%rﬁ&é’ﬂ 106°

ocated at the
itk th A5, niR e s BRIl 143 ‘%’ﬁ%\ Lo array

ot PR R0 a8 ol e PlolE QiBRlnd Bfforto.h grating
UL 0&%*?}8 hfx’refc@ heeSod irgened 1ok 5%&?0%625‘3%%%%

dete or.arr refera I maxi.m ze
@Wﬁg ﬁﬁqﬁﬁﬁ OGS DB BRLL HVED htslgﬂ@f §opg; radte %)*g%% fiugn

' %verage of pixels gon the detector array (correspondi ng
t

6 LG reflegtvd bixdRrstodigating niggr 120 ontadangratipg 1), pbichin e,

enhance the signal-to-noise performance. .~ In preferred

EheRieRtleast s&mwadlanqnmntmﬁhﬁ facrynemingy 149, whishsingpsaapllectsand
used to enhance signal - to-noise performance; in a

foquses ateast sopeedintianas e faviisal plest 160 and eite e thiordimarsiongl
50 or nore pixels my be used. A high read-out speed
yreayf detesters (150 Gpipeh may bolorited ddhedfizsioiocad pleag onanotier focal
2006/ 007344 PCT/ US2005/ 020305 to further enhance the
glaapdaAs stwwioin Fegsr $4. 48, (e, tgyo,dirBérsfonhl] deteetos awdy Hidragferably has

128 or more pixels per row; in a particularly preferred embodiment a detector array that is

-160 pixels wide by 120 pixels high may be used. The height of the focused spectrum 152

on the two-dimensional detector array is preferably maximized with minimal or no

5
the grating 130, which i'n turn ref
array o tectors

10

15
data per second, or

20

distortion so that a vertical average of pixels on the detecior array {corresponding to the

same wavelength) may be taken, or “binned”, to enhance the éignal—to—noise performance.

' ~ In preferred embodiments, vertical binning of 30 or more pixels is used to enhance signal-

to-noise performance; in a particularly preferred embodiment, vertical binning of 50 or

more pixels may be used. A high read-out speed is preferably applied to the detector array

12
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nore, is desired and 60 full sets of array data is

even nore preferable). Due to anbient tenperature
fluctuations, it nay be necessary to frequently
calibrate the detector array in order to achieve data
WOB6/00T3¢4 over conti nuous operation. Manual BET/US2005/620305
automatic fluctuation 5 conpensation triggered by
periodi ¢ and/ or event-based | ogic my used to

6 FtiRF SfifndNBe siBRil 86-hoibe @fib fe/g., BB BAYDE drfryfdaBiPeLSecnd, or

and 4, each columm 150a in the two-di nensional array

fbre, HALHEH W S6ERNIEE RPN das i8 RO Pre@éram&).e Dheo Ahbient
nore m cron range. The two-di nensi ona array includes

' [ o .
tgmpér%‘ﬁ?el ﬂ‘tc?\l“{aggﬁl,\s,gg n’fﬁ t g tn%rggs%g} Q%eﬁﬁ&lﬂg%ﬁ%xﬁ k¥ detector array in

orrespon e spanni n .5 or nore

épﬁé:rrtﬁ gchﬁ%%%t&.s@d%&ﬁf%? P@ﬂiﬁxﬁ&fsrb%Fﬁgﬁl{ M L&Pbﬂﬂﬁb?nalné %ctuaﬁon
inthe WO- di rrensI gnat harrﬁya/lt i fe. :ecbors mayu -
GRhEnor fesfet B BelRitab o i i) Beictaf el b lioppesne

ollimating mrror 120, the grating 130, the focusing
9B AT 4%0 and the first focal plane 160 are

positjoned wthin vol u hat _is.equal aqt |ess .than
005 cAhewn HuKigures & auf 4 sach eptxas La0hin the o froengiogel ey of
5A, there is shown an integrated, conpact packagi .
deisiors eArreRRARS it RAseN of ShRsd-& PT EIBNG MISEON FRASE- 36 ftdhensioal
conponents. Sanpling nodul e 210A functions to direct
arRydpndsy 2 phralifs obgeiymansdd0a fliot colledively copeopd ravaselensths
100. Canera nodul e 230 houses the detector (shown,,
spagning fha 45 qyumae micromwnee, pad ensh adingsotipaipeftcolums 1607 igthe
vol une of conpact packagi ng 200A is | ess than about
maRdimetrional arcdyes deiéctommpytcerrespondseayelsogihs tiat dfaniyean equal
250 is optionally used for operating conponents in
paciaginnge 20B4dimeninthe kotrance glgi 10,rthe chdlimatingenietor 621, the grating
Referring now to Figure 5B, a further enbodi nment of an

15

20

30, g rfedueitlg niaophidtand fadicadbend pROO B e pdsiticmedwyithin a volume
spectroneter 100, as well as other conponents is

SB0MBqual diless tRDIOdicabi inchey/inkizeused for surface
detection, e.g., for sanpling a surface 211 such 13 WO
2006/ f4diftd nbieTd 1ipdRRG/, 8830 Shown an integrated, compact packaging
200A for housing spectrometer 100, as well as other components. Sampling module 210A
functions to direct IR energy to the entrance slit 110 of spectrometer 100. Camera module
230 houses the détector (shown, e.g., in Figure 4A, 4B). In one embodiment, the total
volume of compact packaging 200A is less than about 700 cubic inches. _A computer-
based control module 250 is optionally used for operating components in packaging 2004,
and for receiving data therefrom.

Referring now to Figure 5B, a further embodiment of an integrated, compact

packaging 200B for housing spectrometer 100, as well as other components is shown.

This embodiment may be used for surface detection, e.g., for sampling a surface 211 such

13
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as a silicon wafer, a coating or a drug tablet

surface. In this enbodi nent, the sanpling nodule 210B

projects IR energy fromIR source 213 through sl ot

38$n|ng 212 to the surface 211 of the sanple via
1874 mirror 214, then the refl ected | RPERESYYPS/428305

redirected and refocused into the slit 110 of

spectroneter nodul e 100 using focusing 5 mrror 215.

ki sili€onewTed h b8dting of §erul Gibidt sfilcelNk this efbodiaRht, the sampling

packagi ng 200B is | ess than about 700 cubic inches,

afvdule 2@93'@#63%]118@9@?’ GO IRGYowER AUl iradfpf sloREped @I 2 ikdthe
Fig. 5A) is optionally used for operating conponents

ki3 0 KPS tH8sAMBvia dNEchifS mirRR 214, R thidfefecttd B &lefd M
Referring now to Figure 5C, a still further enbodi rent

Eédu@&cd MGeforbRE int& Eﬁ@ﬁﬁlo of W&&‘ MEaAOR8 sl focusing

ousl ng spectroneter 0, as 0 er corrponent S

iS99I o}![@blﬁbﬁﬂ%ﬂ'tﬁ?fb&a} gm%f&!&ﬁ&cf il .%oiarigleés than

contlnuously novi ng sa
%ﬁoﬁfz e e é@%ﬁfﬁ%&ﬁﬂ%‘fﬁﬁ@% W %h?@@ff%yw
7 t i 10 t.h
RIS g1 %ﬁfﬂi’% kg Bofoiens e salE; if%g ReRving e
bﬁ 0| tical path in order to contlnuously 15 neasure
*216. Sl ot openings 212A and 212B are prOV|ded

to aIIo nDV|n 21 ass throu h sa
modul BESTE NoR Ty fnpfé?&raﬁté@ﬁ{fglﬁlp gt %Islareg’gﬂe&ygompaﬁ
placing themin the optical path using the enbodi nent
epkaning PO e hepsnpspartsometer K0, as welhps QB sREPEREDISIHEIOMT.
acka%lng 200C i s |l ess than about 700 cubic inches .
i enbodigivplimar bayisd r swAtiss 2 sertianenshogoying sapploal6. dn this
F 5A) is optionally used for operating 20
ymeni; tieisemplinglvaayiule 100 dTectaend henses Meaierdyr{grigipating from
therefron1 Referring now to Figure 5D, a still further

15

20

for housing spectroneter 100, as well as other
d 00rpbidetht smavingshmpie 216 Pisses thmbgirhherapﬂcahpa}h bheordeydal cdndinuously
col l ecting and sanpling distant IR energy 220. In this
archank sl 2 10h Sl applings @ 12 did 21 2R1DOpbivided teallmdmoving sample
focuses IR energy (using tel escopic 14
216 to pass through sampling module 210C. Static samples can also be measured by
placing them in the optical path using the embodiment shown. In one embodiment, the
total volume of compaét packaging 200C is less than about 700 cubic inches, and a
computer-based control module 250 (as shown in Fig. 5A) is optionally used for operating
components in packaging 200C, and for receiving data therefrom.

Referring now to Figure 5D, a still further embodiment of an integrated, compact
packaging 200D for housing spectrometer 100, as well as other components is shown.

This embodiment may be used for collecting and sampling distant IR energy 220. In this

-embodiment, the sampling module 210D direcis and focuses IR energy {using telescopic

14

Rrboueadddtand focasediming Jocusing Jens 31 se slit 1p0 okthgsprgtromeer module ...
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WD 2006/ 007344 PCT/ US2005/ 020305 optics 219) onto

slit 110 of the spectroneter nodule 100. In one

enbodi ment, the total volune of conpact packagi ng

200D is |l ess than about 700 cubic inches, and a

BNV H4hased control nmodul e 250 (as shownPERUSI0R/020305
5A) is optionally used for operating conponents in
packagi ng 200D, and for receiving data therefrom 5
optipe 6% ofhtoestitl 1 70 of thei§ictipdntetd nsodulecl®0f Of ol einthodingn i@ total
coupling an optical conmponent 310 (e.g., collimating
Wi bf dodthacifackdgitg 208D i9Tess tB o077 0W diubi@linchédd) adf a computer-
spectronmeter 100) to a substrate 300 (e.g., the base
Bised BRI MOBLIE R5ILAS dhown in FGL QAYRRSBoMTY RsddTBr dpefsinit

i nvention. In one enbodi nent, the system aligns and

SR kR i 300 with
preci gﬁﬁg ﬁ%?’é%'ng]czgg?? ﬁ%fibr RAGvih® dutd HRAFAL € Wi a

5 mcrons in position and
0. 075g; i [ ' '
compangag® G517 Dot PR G| 0Bl i1 SR h cal gomponen:

¢ E , . Alupi .
S0 - SRnma o0 g o R o 170 B et 100)
0.4 ffi t¢ t .+ Whi has..a.fl at
B b (B 5 ool 10 e 0B P
SO B SRR oGy St g St GRe pipfaent 310 to
| 1] titgni L um 15 Lte .

SRR 20 G e R SRt O e
conponent 310 to nmount 320 is explained jn further
eRRF Prgaticsn ARties] GATmEeR! 0 duiniely meehiped Ghgn 2 material selected
Referring again to Figures 6 and 7, a cylindrical rod
Hap abymingyalynipymsallgys, stpigless sirsl.wirkel cerpsee bepdlipngf Optigal
mount 320 at an angl e perpendi cul ar to plane 320b, and

pqrpponent 340 isstherv#ffixestip eveousiydp0d, whizh hagyp Batfhettom surface 320a that
enbodi nents additional screws may be used) are 20

15

20

352, that extend through the bottom surface 320a of
dlhyeinmo, Alumimine aflays staisiesd seelcoinkklopppargheardbimopenimgduminnm
350, 352 in the nount are aligned perpendicular to
Eingreits 2tiphiaack draphéic acmpositesr (huphingy effoptib tompdneticdid 0 aonmount
outer dianmeter of screws 340, 342. 15
320 is explained in further detail in connection with Figures 8-11 below.

" Referring again to Figures 6 and 7, a cylindrical rod 330 extends away from flat

bottom surface 320a of the mount 320 at an angle perpendicular to plane 320b, and first

-and second screws 340, 342 (in other embodiments additional screws may be used) are

‘disposed in first and second cylindrical openings 350, 352, that extend through the bottom

surface 320a of the mount. The first and second cylindrical openings 350, 352 in the
mount are aligned perpendicular to plane 320b and have an inner diameter that matches an

oﬁter diameter of screws 340, 342,

15

difwpos plang F20bi Mounbmdy befonet! Ty amdef thafollopsgimaeiadso,........... ..
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WD 2006/ 007344 PCT/ US2005/ 020305 Substrate 300 has a
flat upper surface 300a that defines a further plane
300b. Substrate 300 may be forned fromany of the
follow ng materials: alum num alum num all oys,
YWOL004903%4 st eel , nickel, copper, beryllium CE&NPALHP20305
al um num conposite, graphite or graphite conposites.

A cylindrical opening 302 extends fromthe upper

sur f SubstBfO3000fas & flaheppstdisfacead Waitledt defiiebs furtieepl3HB0ab.

an angl e perpendicul ar to plane 300b. Threaded

e e 80 B be RbRedRbiandy bf wefdllvevingmeerids atmatumAhaninum
of the substrate into the substrate at an angle

AR SR kidEl, Aitkdd RPFer HPAum NBakRM dud#@m ¢dmposite, graphite
positioned with respect to the substrate 300 by

&i%géﬂihﬁé‘ﬂﬁ%hé’s. Rb1818HPA opBERY 30206 teRdO0r N iHE 1R8N TBee 300a of

3 n the substrate, opening 350 in the nount with

%g %Jbgﬁﬁéﬁgﬁ' EHRERE By ﬁ%@rﬁiﬁ@ggggemwﬁm 00, TRRAII

Int nount wt opening 306 I n the

SRR 301D YR R A0, SR e AP s
B B AR L, L e ot Lo s ace

L0 RS S SR Ak S5ES M UL e

TTIIRENAERTNEN T e TR R N—

bet ween opening 302 in the substrate and rod, 330
Pt CPeBInE DR PulhS FOEAE 10 BPOTRATE T8US NPE T vit Bpraded

to the substrate 300. After the inserting, screws
- auping 386 ingthe syhstrate-c Whilg the Tﬂ%é%‘é@déﬁ‘éﬁaﬁg’é’o a??gl,gn%% s0d 330

respectively in the substrate, thereby coupling nount
is 2oentes inigihe pindrigh opening303 in fresubsitagrimi} the potiqamsurface 320a

12.5. mcrons in position and 0.075 degrees in angul ar

15

20

al i gning and coupling an optical conponent 310 to a

frotiont bed®Regn thera 330 nodhomeing 308 in the syhstste mthibitswetatiroef, mount

In one enbodi nent, the systemaligns and coupl es

Wotaboat ancaisperrendicBiGo the plowesn 0@ 28208 4nd tizhinessdiebyeon opdning

at least 12.5 mcrons in posjtion and 0.075 degrees

302 in dgsubdtrate dndnbdid30avstrids lamedtmaeadntadf moant 320ptittoabpect to

conmponent 310 is initially nmachined from al um num

b BuBsRete3d.| ARE: theinddrith® S&rews 340, 342 are rotated into threaded openings

350, 352, respectively in the substrate, thereby coupling mount 320 to substrate 300 with a

precision of at least 12.5 microns in position and 0.075 degrees in angular orientation.
Figures 8-11 illustrate a system for aligning and coupling an optical component

310 to a mount 320, in accordance with the present invention. In one embodiment, the

system aligns and couples optical component 310 to mount 320 with a precision of at least

12.5 microns in position and 0.075 degi‘ees in angular orientation. As mentioned above,

optical component 310 is initially machined from aluminum, aluminum alloys, stainless

16

efithempunticontacts the Mpperserdacg 300a ¢ theisbstzate Followasdhe ingerting,
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16 WO 2006/ 007344 PCTI US2005/ 020305 steel, nickel

copper or beryllium The nmachining includes formng
cylindrical openings 312, 314, 316, 318 in the
material, wherein cylindrical openings 312, 314, 316
WOS00§47M¥aded. (It will be understood that fEGBUSWS020305
addi tional openings could be used in conjunction with
mat chi ng screws). Cylindrical rod 370 is positioned in
stopl, niviel, capipesordpaiiung BliBmachinitgeinphaddsi formang ptlindatal openings
conponent, such that rod 370 extends away froma fl at
Jack s sird, atein3hdmaiefiall Whereiptcyimdricalappningsi12a8 140814umeg| e
perpendi cular to the flat back surface 310a. Mount
tB2eddda gt avill batinderstdkd tisdy ffvwae or aitiitonal sheningd¢onlibbedded in
324, 326 that extend fromthe flat front surface 320c
dofifulictidAevitUAEhiaE s@SwaN Oy EndRRANSA ITEdIpasitibiediih aflinkfieant

10 surface 320a. At |east two of the openings 322,

opdding 32Hini the InbéhiBRWticA? b&HEIRA Yuch A8S rda0MBleRlcBlidaway from a
through a thickness of the nount, and first and seCond

R bENSukR3 1600 oftlc8! confoR&R bi MEIn¥1eHeRRRGEHa (B tHie/¥at back

of the cylindrical olg{?enﬂf ngs 322, 32§,e$§§% ﬁﬁn t he ¢ ae

Sg}}g&tg.loghe first and second screws have an outer
i'ameter that matches an inner dianeter of openings

225 TS e BT e B e o
: . 37

e SRR ROGHR R0 ploPs PReb P sh i neneitfBein ey oty

' h d ' ' h i cal

GpBIT riliplpesHRf iha movR; 4ng fiand sogokrl scryvs (Ref shown) are

og?i cal corrplon,ent 310 are als; ghed, 20%’3#:4@dr,i cal rod

respectivelyshenoscddn twe of the eylingripa] gpenings 34 ghej oy e The
mount until the back surface 310a of the opti cal

15
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fushand secend soewslave an pter digneterthatmpiehes Epianer diampeter of openings
mount. Follow ng the inserting, friction between

¥ I4d33tciathemend70 and opening 318 in the nount

inhibits rotation of the nmount 320 about an axis

per p&¥eai. thel ragunt 32Gis phuitiesd ibagspect to the optical component 310 by
simultaneously aligning the metal rod 370 extending from the optical component with
opening 318 in the mount, threaded opening 312 in the optical component with the
opening 322 in the mount, and threaded opening 314 in the optical compo;l-ent with
opening 324 in the mount. While mount 320 and the optical component 310 are aligned,
cylindrical rod 370 is pressed into the cylindrical opening 318 in the mount until the back
surface 310a of the optical component contacts the front surface 320c of the mount.
Following the inserting, friction between cylindrical rod 370 and opening 318 in the

mount inhibits rotation of the mount 320 about an axis perpendicular to surfaces 310a,

320c, and tightness between cylindrical opening 318 in the mount and cylindrical rod 370
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320c, and tightness between cylindrical opening 318 in

the nmount and cylindrical rod 370 17 WO 2006/ 007344

PCT/ US2005/ 020305 restricts lateral novenment of the
nmount 320 with respect to the optical conponent 310.

W&‘%{?“f’@f‘ two screws (not shown) are rot at @§TU§20§5/020305

t he threaded openi ngs 312, 314 respectively in the

opti cal conponent, thereby coupling nount 320 to

RBte MterfOAPRARA of thkliBoint BP0 &ith k@ Béch todBe Oftical cong@tént 310.
12.5 mcrons in position and 0.075 degrees in angul ar

PhePé8F) Had bcddys (Eb@hb@n)la%e bdidtb b intAthe BréhdB®Sehings 813,804
el enent 360 wit per pendi cul ar faces 362, 364, t hat

TERchREITRUM SflickGofipskta® thabiy @Gﬂl%@ﬂﬁO GRHRP B&honent

of” spectronmeter 100. In order to formthe grating

?1 %1%@9]011 ar Masst Of s ARLGl! 1@% #tﬁmgmd 0R 5 LMW angular
un1nu oys, stalnless st ni ckel , copper or
Ibhum is first machined to forma face 362 of 10
e gratlng el enment, a cylindrical opening 370 that

per padditEdf rﬂ“: P SRBL I AER R gl c?ﬁ%f'e 362
B Ut et 535° r?%*‘?@iﬁf%ﬂ@%%ﬁf’éfﬁ%}%ﬁ Bl 001
o doen L give Renfiag aefaasiSﬁf%la A G r pinfp i AR

eni ng .370 such t hat er th sert
dlavgrstiaiess pseh eﬁkeéorfagpeawa%rﬂl iSO AR ) i 4 facg 362 of
angl e perpendi cul ar to the face 62. A second face 364
te epting Pletnent & pdindrical gpenieg 3 19dhat ﬁbtﬂlfiséf%faa%?%mmhe material
epoxy replicatian ocess. Figure 13 illustrates a
#tanthgle pependiaular de %F‘? #ep- endefvether calinriricakapenings $30 for receiving
aligned to a nount using the alignment system shown
$onevi (gotrsbows) that extend] fromaiaeeaXoR dato theavkterial at an@@ﬁ%@mﬁrmqtldwular
of spectroneter 100. In order to formthe optica

wriace 368, & eyvhipddcal digrasst rofl (1RO shoesng is indertédingp the cylindrical

alunlnun1 al um num al | oys, stainless steel, nlcke

o370 sudhdhat) dfienthe inssrtingj the tligneehi nod dxttmdsfamamﬁamf thee
420 of the optical grating elenent, cylindrical
eprHbNg an ddgle peppendictiac i thié fage 362 eAsecomd fasd AN ghdtial element

ext end fron1face 420 into the material at an angle
360 may be fabricated using an epoxy replication process.

Figore 13 illustrates a further optical grating element 410 that may be aligned to a
mount using the alignment system shown in Figures 8-11, and thereafier used as a
component of spectrometer 100. In order to form the optical grating element, a mass of
material (e.g., alumi_num, aluminum alloys, stainless sieel, nickel, copper or beryllium) is
ﬁ_rst machined to form a face 420 of the optical grating element, cylindrical openings 411
(for recéiving screws not showﬁ) that extend from face 420 into the material at an angle

perpendicuieir to face 420, and a further cylindrical opening 414 for receiving a further

screw that extends from face 420 into the material at an angle perpendicular to the face
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per pendi cul ar to face 420, and a further cylindrica
opening 414 for receiving a further screw that
extends fromface 420 into the nmaterial at an angle
erpendi cular to the face 18 W) 2006/ 007344
P89S/ 020305 420. Cylindrical al i gnmenRCHBERIMSAQ305
is inserted into the cylindrical opening 411 such
that, after the inserting, alignnment rod 470 extends
420k \Cyflindnical flggnmetieiod 470 Btinefieding) Be cRGASNp&ih41 1sch that,
the face 420. A second face 430 of optical grating
e teritscding, Alignmbaaod 470 &donids kRS B6m ERMAMerif B dCakicon
process. Second face 430 may be parallel to the first

PerpadRuletd B0 A BecbhdfES430%f opfical Malilielement 410 js
enbodi nents of the optical grating elements shown in

L34y 1R A SRS A B oo
£ Ei . ' ]k .
e shdbl ATkt B, 3T Sl bf b g dmens

appreci ated by e ar

_ t odi nent s..descri bed oye

oo PRyeBTET. o O R S ba o el Brepapptel
PR T S I r.st,0 herefore, that this

#ﬁ%ﬁ’? fl%%dﬂlrs‘hﬁlor %%?%ﬂhg?@t&%ehe particul ar enbodi nents

di scl d,..b IS 1nt ed to cover nodjfications

wi ¢ R !é’ﬂf ¥ %pregﬁgeﬁg’é’g%%e ghilleda i mLbpHehpIaRS AR he
a§1QeE{ne I,.N th%gagggf ed clains. 19 Wat is clainmed
1pde 1q the gmbgdiments dessribed Ahoxe withey deneming from fheisand) iwysgtive
raq&F of 4.5 or nore mcrons conpri si ng: SS% an

ORePE hereoks | 1f is undersined, thesaforsthal this dtventiongs aetilimjtedae theg
a grating surface with rulings .that disperse

st FEPodbAARIS iseleRetlaniis IRRdedhio catsumeficetions within the spiri
two-di nensi onal array of detectors, wherein at |east
28 §e00e afihe Presept frysaiiongs defimadiin thetappendtd ¢laifmsl | ows an
optical path in which said at | east sone radiation
passi.ng.t.hrough_ the.slit.is.reflected.by.the

collimating mrror onto the grating
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surface which in turn reflects at |east sonme radiation
onto the focusing mrror which in turn reflects and
focuses at |east sone radiation at a first focal plane
and onto the two-dinensional array of detectors,

wherein the at |east sonme radiation follow ng the

optical path passes fromthe collimating mrror to the
grating surface w thout passing through a dielectric

What srclaihed isher ei n each colum in the two-di nensi ona

jarra of detectors corregpqnds to.a _wavelength in the

4. 5 BrroHBPY SREUOSHIF SRgEPia Re Vaslarivdarsconif > &F mepe microns,
comigrisitges a  plurality of colums that collectively
correspond to wavel engt hs spanning the 4.5 or nore

ni cridh ap sAEce she agelmeitinganistoratigratembaying o gofting surface with

col ums, =i ' I [ of .detectors
corresgggggﬁ?gd%§%&€%§§®§%3@ gf ugsggng%Pn%y an equa
anouiid) 2 tendimbreimiahartrdyeofodtaceors evirtdin at lehe somk |rbdiBionngssing
mrror, th rat.] pg, the focuysing. mrror , and the L
e posbiih o ShLPous 35 anfee) ullin VHER Said Fofevoscmmeagediation
| s equphssiig thiwagh tHeaMt 1O fledistDb ¢ tHeREIMASatind rSikB€ ontd-the grating
The spectroneter of claim1, wherein the _ _
t wo- di REHSP Sl iarfpryredectyiat leest smme radiatign sintd baderuaing mirror
the i Galchif Gith r%&&eand%oc%gﬁeaﬁgfs? E#ﬂ?é'rpa‘iifa[iioﬁfat & e okt plane
y of detectors is

wherein the two-di nensional arra
posi t i emkdntatthe teedonehsicamehhrgt ahdettdiat, whedirf fheraeiéast some

fromthe.f.ir facal, pl ane. 20 WO 2006/ 007344 . .

PCT/ US%@@&‘PBS%‘&H&“’% $he L RLRA prsSescam tg‘? C@l‘ﬁﬁaﬂ?&?’mf to the
wher ei pratihg swafact RéthdutpaesingkeughiadliQecenalegingt h

ran is between 7.5 to 13.5 mcrons. P 21 Abstract A

conprein sach swen di thspiutodimensionah ayay, ef defegthrsrcargeonds to a

wékeRn8th HPRR 4.5 or more micron range, the two-dimensional array includes a

plurality of columns that collectively correspond to wavelengths spanning the 4.5 or more

micron range, and wherein each adjacent pair of columns in the two-dimensional array of
detectors corresponds to two wavelengths that differ by an equal amount; and

wherein the entrance slit, the collimating mirror, the grating, the focusing mirror
and the first focal planc are positioned within a volume that is equal or less than 192

cubic inches in size,

2. The spectrometer of claim 1, wherein the two-dimensional array of detectors is

~positioned at the first focal plane.

3. The spectrometer of claim 1, wherein the two-dimensional array of detectors is

positioned at a second focal plane that is different from the first focal plane.
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m crons includes an entrance slit, a collimting
mrror, a grating, a focusing mrror and a first
focal plane. At |east sone radiation passing through

\g4f O | OWS an optical path in which # _
iﬁg%%ﬁég%fation passi ng through the slit is ?% f@%@%QﬂBm
by the collimating mrror onto the grating, which in
turn reflects at | east sonme radiation onto the
focusing mrror, which in turn reflects and focuses
at |least sone radiation at_a first focal plane and
ont 0%t hee snegiserasterad lagn 44 Whirein pll of the d5eqrinere migag favelength
colum in the two-di mensional array of detectors
e isdshrsad -t te 13- Sigemengt h in the 4.5 or more mcron
range, the two di nensional array includes a plurality
of columms that collectively correspond to
wavel engt hs spanning the 4.5 or nore nmicron range, and
each adjacent pair of colums in the two-di nmensiona
array of detectors corresponds to two wavel engths that
differ by an equal anmount. The entrance slit, the
collimating mrror, the grating, the focusing mrror
and the first focal plane are positioned within a
volunme that is equal or less than 192 cubic inches in
si ze. '
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