A COMPACT INFRARED SPECTROMETER EMPLOYING A DETECTOR

ARRAY Field of the Invention The present relates to infrared

spectrometers, and also to systems and methods for manufacturing and

assembling optical components including components that may be used

in infrared spectrometers. Background Infrared spectroscopy had its

origin when WiIIam Herschel dicovered optical radiation beyond the red
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Newton. Since the 19th century, the interaction between infrared radiation
and different substances had been studied by scholars in the fields of
both physics and chemistry. It has since been found that different

materials absorb different portiBisidstfithe Invientied spectrum and these
absorptign features can be used to detect and identify chemical species.
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ifferent substances had been studied by scholars in the fields of both physics and

chemistry. It has since been found that different materials absorb different portions of the
infrared spectrum and these absorption features can be used to detect and identify
chemical species. The first mass-produced infrared spectrometer was not built until
‘World War II, when the US Office of Rubber Reserve identified the use of infrared
spectroscepy as an effective means for measuting 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 optical dispersion of infrared radiation by rock salt
materials such as sodium chloride (NaCl). Later these hygroscopic, or moisture-sensitive,
rock salt pri_sms 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.



In addition to the dispersion-based infrared spectrometers, in late 1960s,
with the advancements in lasers, computers and data storage devices, a
new type of infrared spectrometer based on the principle of optical
interferometry, was developed. Due to the computation involved in
converting the interferometric measurements to optical spectra by the
mathematical calculation of Fourier Transformation, these infrared
instruments are also known in the infrared spectroscopy art as FTIR.
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to approach or enter an area. However, due to the limitations in size,

BEigRt @pdiMggeIRE St araH-aRaCH RGeS VRANSH AL HAaGk YitedYbeams

used as a first-line detection or monitoring tools for these applications, but
watherha iR dnewhlahecrigh ialidatianritael. id the micrometer range. In othe
words, any minute changes in the temperature or any small amount of vibration would
result in failure to obtain useable spectra from such an FTIR spectrometer. Due to the
incorporation of the optical interferometer and all the related feedback and control
electronics, an FTIR usually weighs from 150 to 400 pounds and occupies a volume of 3
to 10 cubic feet.

For m‘ahy modern industrial, 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 bee:

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

as an off-line or laboratory validation tool.



To alleviate the practical limitations mentioned above, it would be
desirable to develop a sensitive, light-weight, rugged and compact
infrared spectrometer capable of detecting and/or identifying different
chemical species under hostile service conditions. To achieve these
goals, a compact optical spectrometer design is needed to cover a wide
range of the infrared wavelengths, especially one that falls into the
so-called "infrared fingerprint" (7-14 m) region. This is because the
infraretediboiptiahelpattties limiieidiingengiondedgiorewilkyonddite dberahizsto
distinctive chemical evidence that can be used to identify different
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an FTIR to build smaller spectrometers that cover a wide range of the
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meet the ruggedness requirements for field applications. Another
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Another consideration related to the economics of the instroment is the ease of
assembly. Inside all the infrared spectrometers today, the majority of the optical
components found are .made of glass materials. Whether it is the grating in a dispersive
instrument or the mirrors within an FTIR, these glass-based components are often glued o1
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 uncertzinties on the precision of the final alignment. As a result, these
instruments need frequent maintenance or alignment after leaving the assembly line. Bver
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
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3 In the present invention, a dispersive infrared spectrometer has been
designed to work in tandem with two-dimensional infrared detectors. By
tightly packing the optical paths within the spectrometer and carefully
maintaining the divergence and convergence of the optical beams, the
present invention achieves compactness while at the same time produces
a focused infrared spectrograph on a two-dimensional detector which
covers 4.5 or more microns of the infrared spectrum To further enhance
the rudgdifiaissest iREBpeRIAHBEET VAU AR IpHIREH lnahserlgsigned to
mounting fixtures are fabricated from metals rather than glass, making the
3 et
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spectrometer. This simplitfies the assembling process and at the same

HMBoACHIRYES PErRR3RERt-aligasant without the use of welding, brazing or
gluing. In one embodiment, the assembly method does not require
sophisticaied@phtahdesiingdotduality @esplipuiprsesidytng Hmponents and
assembling process and is therefore more cost-effective. Finally, due to

the rugigsdsesigngafictihe perfianeraddignment)sthehepbatrgiassferaking the
requires minimal maintenance once it is deployed, making it a more
effectivesttolgspdidtdrapplibainzesstand ihshasloriasl putiioaseddsanering
battle fields. In one embodiment, the present invention is directed to a )
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microns (preferably 7.5 to 13.5 microns or 4.5 or. more microns within the
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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 during the assembling process and is therefore more
cost-effective. Finally, due to the ruggéd design and the permanent alignment, the
spectrometer requires minimal maintenance once it is deployed, malking it a more
effective tool for field applications found in factories, public areas and battle ﬁt;lds.

In one embodiment, the present invention is directed to a compact spectrometer operable
m 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 entrance slit, a collimating mirror, a grating, a focusing mirror and a first
focal plane. At least some radiation passing through the slit follows an
optical path in which at least some radiation passing through the slit is
reflected by the collimating mirror onto the grating, which in turn reflects
at least some radiation onto the focusing mirror, which in turn reflects and
focuses at least some radiation at a first focal plane and onto the two-
dimensional array of detectors (which may be located at the first focal
efanecslianotibmituanpiane ) Eadote colonmiing thatwvendimBrisfonal pamy At
of detectors corresponds to a portion of the 4.5 or more micron range, the
logmos oA erRsioal nasung Merorerksthe plis Bty vot aacinfsakrathie yilaehivklgast some
correspond to wavelengths spannln%[the 4.5 or. more micron ran&% and
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be tightly arranged, yet cross-tall-, “undesired reflection or transmission
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angular arrangement of the components should produce the desired
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such as spherical aberration, coma, astigmatism or chromatic aberration,
calnohwithauwbxcgssiveotessotithednfrirediangramipashing rangl thiershit;
3. In embodiments where the detector array (or infrared camera) is
rasige ated eich adicenicpfocal ghaman¢diffdrehrdrdimehgdirdtdoeanbptetrsfotheay
arrangement of the components preferably allows the infrared spectrum
cqpesien & wetiesetbe dhagiter by an equal amount. The entrance slit, the

collimating mirror, the grating, the focusing mirror and the first focal plane are positioned
within a volume that is equal or less than 192 cubic inches in size, and preferably satisfy
some or all of the following design requirements:

| 1. Spacing among the components should be tightly arranged, yet cross-talk,
undesired reflection or transmission and/or scattering should be reduced or eliminated;

2. The spatial and angular arrangement 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) s situated at a
second focal plane (different fromn the first focal plane), the arrangement of the

components preferably allows the infrared spectrum focused at the first focal plane



5 (spectrograph) to be conveniently and efficiently relayed and refocused
onto the two- dimensional array of detectors (or infrared camera) at the
second focal plane; 4. The focused spectrum preferably utilizes the entire
width of the two- dimensional detector array detector so that the spectral
resolution is maximized; and 5. The height of the focused spectrum on the
two-dimensional detector array is preferably maximized with minimal or
no distortion so that a vertical average of pixels on the detector array
{portespapldigbtocthees smtly wad e fnihimeliisd takaniosnserdindel thegwo-
enhance the signal-to-noise performance. In accordance with a further
diBpesionpeprisEreirtientonid@rrdcrameshatiatiseotd fes Miagcand

coupling an optical component to a substrate with a precision of at least
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and second screws are disposed in first and second cylindrical openings

fhatextend . hralghshe betermsuHdacanltispeuaty Hiedist, apdisesaidio

cylindrical openings in the mount are aligned perpendicular to the first

Rlaneand Have-amsnessliamaterthat matches an outer diameter of the
first and second screws. A substrate is provided having a flat upper

surfack thebdiafinesie: agocher pkpaet, tieeneles firstrtidindrdiedctpkioingnethod
extends fron the upper surface of the substrate into the substrate at an
fanglzwegpeddicuitingotivpisat ontipplame fan duiteiwid iaxstisiapnlat least
and third threaded openings extend from the upper surface of the

Sub seierenintoneraticnisat A7 Ardksarapyie prrianelicalalien. the SEGAbCprapraent
is machined from a material selected from aluninum, aluminum alloys, stainless steel,
nickel, copper or beryllium. The optical component is affixed to a mount having a flat
bottom surface that defines a first plane. A cylindrical rod extends away from the flat
bottom surface of the mount at an angle perpendicular to the first plane, and at least first
and second screws are disposed 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 frow
the upper surface of the substrate into the substrate at an angle perpendicular to the seconc
plane, and wherein at least second and third threaded openings extend from the upper

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

The mount is positioned with respect to the substraie by sitnultaneously aligning the meta
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The mount is positioned with respect to the substrate by simultaneously
aligning the meta 6 rod with the first opening in the substrate, the first
opening in the mount with the second threaded opening in the substrate,
and the second opening in the mount with the third threaded opening in
the substrate- While the mount and the substrate are aligned, the

cylindrical rod is inserted into the first cylindrical opening in the substrate
until the bottom surface of the mount contacts the upper surface of the
redbsthafle: fiotlopvirigathetheswttitegte fHutibrriasnemnintibeopingiiviibr b sgsgnd
the first opening in the substrate inhibits rotation of the mount about an
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the first opening in the substrate and the cylindrical rod restricts |ater
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aligning and coupling an optical component to a mount with a precision of
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An optical component is machined from aluminum, aluminum alloys,
i alassessieslomiske] icapprbsatkenylitime yind-fosabihiagdac) ides|
forming at least first, second and third cylindrical openings in the material,
nidveratnt thidisecomst anid thirsbaihntei cabopeningeirtiihénmeiegaheafiest and
threaded. A cylindrical rod is positioned in the first cylindrical opening in
stvendnachinet optital tdorbo sacndvrdrindHocediddncaingorespratiaety in the
away from a flat back surface of the optical component at an angle
spbrpeitaidinmbiotin eonuris crulphicetha syhete 5B swd BErsiAn § -5 fafleast
front surface and at least first, second and third cylindrical
12.5 microns iIn position and 0.075 degrees in angular oriéntation.}

In accordance with a still further aspect, the present invention 1s directed to a
method for aligning and coupling an optical component to 2 mount with a precision of at
least 12.5 microns in position and 0.073 degrees in angular orientation. An optical
component is machined from aluminum, aluminum alloys, stainless steel, nickel, copper
or beryllium. The machining includes forming at least first, second and third cylindrical
openings in the material, wherein the second and third cylindrical openings in the material
are threaded. A cylindrical rod is positioned in the first cylindrical opening in the
machined optical cornponent, wherein the cylindrical rod extends away from a flat back
surface of the optical component 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

the flat front surface. At least first and second of the plurality of cylindrical openings in
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openings that extend from the flat front surface into the mount at an angle
perpendicular t( the flat front surface. At least first and second of the
plurality of cylindrical openings in 7 the mount pass completely through a
thickness of the mount, and first and second screws are respectively
disposed in the first and second cylindrical openings in the mount. The
first and second screws have an outer diameter that matches an inner
diameter of the first and second cylindrical openings in the mount. Next,

themponintzis pasitiertdilvithistesfedntostbftiopticantomp Gnentbyecond screws
simultaneously aligning the metal rod extending from the optical
eompprsneividistoeethindhoderingdisetadeobindrited epmsong thrdgdeint. The
opening in the optical component with the first opening in the mount, and
finiceed essersteeRsERi iy rrmhe e tiamcss Hisb mafrirsrn b gedsmateipd fhegist
in the mount, While the mount and the qptical component are al‘i%ned, the
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lateral movement of the mount with respect to the optical component.
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third threaded openings respectively in the optical component, whereby
thedeupbiseouRleddethe:oplicalcompanepesita satdipsegisieni{haricalt

least 12.5 microns in position and 0.075 degrees in angular orientation.)
thateohdarcacmitinaiitildbrtienape of tthepiesentipeentiorvisadisebedtont

to a method for forming a monolithic metal optical element. A mass of '
meberial (eegnoaitinfivkinwimd uimimsertaiofistimibtéesestdul cplkdlicdoppend the
or beryllium) is machined to ' ) )

third opening in the mount inhibits rotation of the mount about an axis perpendicular to
the front and back surfaces and tightness between the third cylindrical opening in the
mount and the cylindrical rod restricts tateral movement of the mount with respect to the
optical component. Thereafter, the first and second screws are rotated into the second and
third threaded openings respectively in the optical component, whereby the mount is

- coupled to the optical component with said precision (i.e., at least 12.5 microns in positior
and 0.075 degrees in angular orientation.)

In accordance with a still further aspect, the present invention is directed to 2
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
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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 cylindrical
alignment rod that extends away from the second face at an angle
perpendicular to a plane defined by the second face, a second cylindrical
opening for receiving a first screw that extends away from the second
cldipdrated nliznglenperp érdictkadsovie pandelefined Bythtascogd face,
and a third cylindrical opening for receiving a second screw that extends
paweb}diﬁa}ﬁrﬁ@@w%éé bt Ehs sl Fpergrmdrbtdecs epraigsfited
by the second face. Alternatively, the second face of the optical element
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material at an angle perpendicular to the first face, a second cylindrical
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material at an angle perpendicular to the first face, and a third cylindrical
openipgafebrestivingiaysecanthesarputthat préengdsiverdhes iistdagedato
the material at an angle perpendicular to the first face. A cylindrical
nadigmhfenfoodig nsestedl iptaitheRistoyliadrical dpemiads! Winerdimiatter
the inserting, the cylindrical alignment rod extends away from the material
ahtmainan gl pe giantisutackoitielficspfacer Aesgldond faomdfited todtioala first
grating element is fabricated using an epoxy replication process, wherein

fapeofdbe ARl erativeplemansurditbcyhiadiretfapeningalyd coradadensthe first

formed from a resin layer bonded to the machined o
face into the material at an angle perpendicular to the first face, a second cylindrical

opening for receiving a first screw that extends from the first face into the material at an
angle perpendicular to the first face, and & third cylindrical opening for receiving a second
screw that extends from the first face into the material at an angle perpendicular to the
first face. A cylindrical alignment rod is inserted into the first cylindrical opening,
wherein, after the inserting, the cylindrical alignrmaent 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.



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. 9 Brief Description
of the Drawings Figure 1 is an isometric view of an infrared spectrometer
in accordance with the present invention. Figure 2 is a further view of the
infrared spectrometer shown in Figure 1. Figure 3 is a diagram showing
the optical path of infrared radiation in the spectrometer shown in Figures

1-2, and sampling and gopdensing aplichukigie 44sillustrates the

relationship between the rows and columns of pixels in the planar
detectnand B MAVSIRAAE LAY BFagenBhRMIEERRSHNAGE ALdaRBEWIRIENG.
present invention. Figure 4B illustrates the relationship between the rows

passheptugenof pixels in the planar detector and a wavelength coverage
of 4.5 microns, in accordance with the present invention. Figure 5A

illustréissah intdygrited;icomphetin@okd grgtfometu singva spégtneneter,
optics, a detector and electronics, in accordance one embodiment of the
presdfigiiwéntisdiagiju b oBanibe apsisd natied iafeuct mdipher padikaging
for housing a spectrometer, optics, a detector and electronics, in

spSEkBrEFCR AR ithEleBrAb bRt FRRHBE R eI EIRRIRICRIgure 5C
illustrates an integrated, compact packaging for housing a spectrometer,,
optch AL AR TUEL P HELUTHL e S AP B DR

thguggap {i%%%%r [agl\cliean\g}g@éiength coverage of 6 microns, in accordance with. the

present invention.

Figure 4B illustrates the relationship between the rows and columns of pixels in
the planar detector and a wavelength coverage of 4.5 microns, in accordance with the
present invention.

Figure SA illustrates an integrated, compact packaging for housing a spectrometer,
optics, a detector and electronics, in accordance one embodimént of the present invention.

Figure 5B illustrates an integrated, compact packaging for housing a spectrometer,
opﬁcs,' a detector and electronics, in accordance a further embodiment of the present
invention.

Figure ISC illustrates an integrated, compact packaging for housing a spectrometer,
optics, a detector and electronics, in accordance a still further emibodiment of the prcsent‘
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.
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Figure SD 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 Figures 6-7 illustrate a
system for aligning and coupling an optical component to a substrate, in
accordance with the present invention. Figures 8-11 illustrate a system for
aligning and coupling an optical component to a mount, in accordance
with the present invention. Figure 12 illustrates a metal grating element
with pggpeRdcUiREdaaes, Snatinay BgReuReoig Bngubsimie bashysaeht to a
as a component of spectrometer 100. Figure 13 illustrates an optical
sgrating rlemeniahavingpheaiteléacesetiishmay be aligned to a mount
using the alignment system shown in Figures 8-11. 11 Detailed
Deschijstimes 8f théiRseféy resy Eenbfdtintieningi godesupling 2 ppisgrh gomponent to
different views of an infrared spectrometer 100 in accordance with the
a preweintl AoegtderreSpELthe eREP1 BUSRI®Bmpact (e.g., less than 192 cubic
inches in volume as described below), and operable in a wav Iengtf%t oy be

range e HHIVBREHH PSR STRI S SRBH AT RERRA i SEFL
tesin the 7.5 t0, 13. i d,i { ifi
RO S FOHB 100 UBEATRG 1 B B o Micrans of the
7:5 tQF:ll's'Se EEI @g%%ggaeﬁ (I)gt%t e%ﬁ%lg %i%q%% 1§a§8ﬂ§§§8ﬂk@ﬁ%&9%at may be

operat&'rm r more microns ron range.

aﬁc‘g%%ﬁt{%}%%&@ﬂgﬁlg%ﬁlﬂﬂeﬁ{‘éﬂé&ﬁ?sﬂm Agplimaiing mirror 120,

a“grating 130 and a focusing mirror 140. As shown in Figure 3, at least
some radiation passing through slit 110 follows an optical path in which at
least some radiation passing through
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slit 110 is reflected by the collimating mirror 120 onto the grating 130,

which in turn reflects at least some radiation onto the focusing mirror 140,
which in turn reflects and focuses at least some radiation at a first focal
plane 160 and onto the two-dimensional array of detectors 150 (which

may be located at the first focal plane or another focal plane.) As shown

in Figs. 4A, 4B, the two-dimensional detector array 150 preferably has

128 or more pixels per row; in a particularly preferred embodiment a
detector array thptigidBOaRbals ety FreRpixaisBighmeay be used.

The height of the focused spectrum 152 on the two-dimensional detector
array iEgurefdrahdy? iiaxtmizediithmiewaal of o distopticinoscethal(d in
vertical average of pixels on the detector array (corresponding to the
asaondanvavetb iy vyasiay ioeertian, Spredhiomedt, 1190anbempeacttie £., less than 192
signal-to-noise performance. In preferred embodiments, vertical binning
cgpmanshehBra Pt asslesesbed belpahcadrysmble ipgise Ysdrrsthange offte or
particularly preferred embodiment, vertical binning of 50 or more_ pixels
TSR BET O d P R G P REth SPREG RIS SBsTaphik G d i Jamon
array 12 to further enhange the signal-to-noise ratio & % 30 full sets of
e S T Rl e A U STy e

Syennere preferable), Dug o ambie ﬁ%héeénn%%ﬂ%éﬁé' us%éjc%}i%]&mjtlmy
€ Necessary o freguently callbtate the detector array in order to achieve

of AR RNINL OYRICANIBHOUR RS FHP T YiaRKah Q. gitomatic fluctuation

compensation triggered by periodic and/or event-based logic may used to
calibrgig dgneleta o mariaks AS MR IHIgNIeShiandify GRERCOINMRrating
150a in the two-dimensional array of detectors corresponds to a portion

196 thd 4 HOEIMORATBICIoN rABgRewh e gneirnensiapalome aydingbidessmg
plurality of columns 150a that collectively correspond to wavelengths

tispaghntig ithefdlihwy manginaioseth tanddésteatdeasicivad @deniopginsing through
columns 150a in the

slit 110 is reflected by the collimating mirror 120 onto the grating 130, which in turn

reflects at least some radiation onto the focusing mirror 140, which in turn reflects and
focuses at least some radiation at a first focal plane 160 and onto the two-dimensional -
array of defectors 150 (which may be located at the first focal plane or another focal
plane.) Asshown in Figs. 4A, 4B, the two-dimensional detector array 150 preferably has
128 or more pixels per row; ip 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
distortion so that a vertical average of pixels on the detector 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 aray
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two-dimensional array of detectors may correspond to wavelengths that
differ by an equal amount. In one embodiment, the entrance slit 110, the
collimating mirror 120, the grating 130, the focusing mirror 140 and the
first focal plane 160 are positioned within a volume that is equal or less
than 192 cubic inches in size. Referring now to Figure 5A, there is shown
an integrated, compact packaging 200A for housing spectrometer 100, as
well as other components. Sampling module 210f functions to direct IR

(6 Y% O HIRE PGS B OROLBRGE Lo IR 189 o FAMG @M pEUESRE, or

houses the detector (shown, e.g., in Figure 4A, 4B). In one embodiment,

iRl GbalerRimE 66 aampacMackaginds2AAiSleFrditab RO 0 Shlbitnt

inches. A computer- based control module 250 is optionally used for
topeeaiing docopoivants inapaekaginga2p O frapuefty relibiuinghdatdcctor array in
therefrom. Referring now to Figure 513, a further embodiment of an
dnfegraaddecodapestibiiy kegingEO0BUforitmiBing ¥povalomentnio, Bectuation
well as other components is shown. This embodiment may be used for
comrpseeetietddgered by prsroskmapiiy avetirbiceiogis ey nseddocalifuats the
wafer, a coating or a drug tablet surface. In this embodiment, the sampling
det6EHAIEDABB projects IR energy from IR source 213 through slot opening

212 to.the surface 211 of the sample via collecting mjrror 214, then the

o T L ARSI o AR T e R e g ey of
ectrometer madule 100.using.fogusing._mirror 215, 1n o odi {onal

R et bk PG U Sl RS T o

AREDES1ARY ASOMRY IS DASEE: GO0 ALMQUIS: 230 (35 SPOMIIWE - G s

IS optionally used for operating components in packaging 200B, and for

sﬁ%ﬁﬁiﬂglgedcﬁ%ﬂHﬁf&fﬁ%@oﬁﬁﬁﬁ‘g&%@@wedﬁ%ﬁ@ﬁ@ oR I HENS0a in the
embodiment of an integrated, compact
two-dimensional array of detectors may correspond to wavelengths that differ by an equal
amount. In one embodiment, the entrance slit 110, the collimating mirror 120, the grating
130, the focusing mirror 140 and the first focal plane 160 are positioned within a volume
that is equal or less than 192 cubic inches in size.

Referring now to Figure 5A, there is shown an integrated, compact packaging
200A for housing spectrometer 100, as well as other components. Sampling module 210/
functions to direct IR energy to the entrance slit 110 of spectrometer 100. Camera module
230 houses the detector (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 200A
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
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packaging 200C for housing spectrometer 100, as well as other
components is shown. This embodiment may be used for measuring a
continuously moving sample 216. In this embodiment, the sampling
module 210C directs and focuses IR energy (originating from IR source
213 and focused using focusing lens 217) to slit 110 of the spectrometer
moduF 100 while the moving sample 216 passes through the optical path
in order to continuously measure sample 216. Slot openings 212A and
2218 REvideddaialiow RN ANPIR-«2 18 INPassdiiaseBasariiite
module 210C. Static samples can also be measured by placing them in
thelolpticaiRoad¢isNg. thergnibad IReRLERMYB (tifca gk den bpelitng 2t Alethe
total volume of compact packaging 200C is less than about 700 cubic
snches? Ahdfdhceomplierabaded ingnolomdidy b 260 asflstiod fRirieigy 3A)
is optionally used for operating components in packaging 200C, and for
redimivivipod refomerett oy tRestiridg abwerrmigire BpluedifiDfusipg focusing
embodiment of an integrated, compact packaging 200D for housing
SFEtrometht qr@o‘«:f&'&ﬂ@%&%%ﬁﬁ@?ﬂé&%%ﬁ 8hfoTvaRNRkagiE 2008 is less tha
embaqdiment may be used for collecting and sampling distant IR ener

i o e

D UG REBEABNE SHRRERRAG O divd&es

IR energy (using telescapic 14 optics 219) onto sli of ..
T e R
fompagt packaging 200D is less than about 700 cubic inches, and a
computer- based control module 250 (as shown in Fig. 5A) is optionally

used fREQREIRTIAG, (O MPARSRESI B IAGKAGINGORANGH IRl #RESIMDY diiBact

therefrom. Figures 6 and 7 illustrate a system for aligning and coupling an

[PRUSAIE IVFO G Hodk 5 (6 & trEAMIRTAINY AHEN sb i @dinfohdR Ok shown.
focusing mirror 140 of spectrometer 100) to a substrate 300 (e.g., the
Tiasembafiseiionmstér 104 fin acoardanceontiinthelpraseni: ugdidne. [hn this
one embodiment, the system aligns and couples optical component 310 to
cmbodiment, the sampling module 210C directs and focuses IR energy (originating from

IR source 213 and focused using focusing lens 217) to slit 110 of the spectrometer modul
100 while the moving sample 216 passes through the optical path in order to continuously
measure sample 216. Slot openings 212A and 212B are provided to allow moving sample
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 cormponents is shown.
This embodiment may be used for collecting and sampling distant IR energy 220. In this

embodiment, the sampling module 210D directs and focuses IR energy (using telescopic
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substrate 300 with a precision of at least 12.5 microns in position and
0.075 degrees in angular orientation. Optical component 310 is initially
machined from a material selected from aluminum, aluminum alloys,
stainless steel, nickel, copper or beryllium. Optical component 310 is then
affixed to a mount 320, which has a flat bottom surface 320a that defines
a plane 320b. Mount may be formed from any of the following materials:
aluminum, aluminum alloys, stainless steel, nickel, copper, beryllium,

FHARY ) JLIDERY T (GRBRASES SIARDILS QLIGTARNIE, sﬁm@&eﬁs?lé&'m

of optical component 310 to mount 320 is explained in further detalil in

veRRAe etiepnYibt ipigukesm S Jobielaws Referring ASRRER Hawes:fiandnipder-

cylindrical rod 330 extends away from flat bottom surface 320a of the
bnedobaZél alodnlanglepaipendictigl 5o\ plaoptiddaly and fissbppdisgcond

screws 340, 342 (in other embodiments additional screws may be used)
carepatispe sedarkfigstglt) Beenhfbydiedica lepahanefsod60, 352, that

extend through the bottom surface 320a of the mount. The first and
secorfdgyindricdl DpnirdsoseasRpligeinmowheaidipfignegtical component
3g{(ilr‘g:endicular to plane 320b and have an inner diameter that matches ar

hsfRr BedRiEns 34araing 1Y) sulsting 3uTada Hfapepencter 100)

surface 30 at defines a further plane 30Qb, Substrate 3Q0 may be
QARSI & 6 TP HORA O ARG CanER b

B B I e s R S R PR LR B
B AP I R e
AHRRINPRRSMITRCEFR0R o6 iNRRMPS RIS IRIRAD S SRR A M AMARBENE selected

perpendicular to plane 300b. The mount 320 Is positioned with respect to
fithe Aubsiiaie AAB:yEIaNEFANeANISH steel, nickel, copper or beryllium. Optical
component 310 is then affixed to a mount 320, which has a flat bottom surface 320a that
defines a plane 320b. Mount may be formed from any of the following materials:
aluminum, aluminum alloys, stainless steel, nickel, copper, beryllium, titanium, aluminum
composite, graphite or graphite composites. Coupling of optical component 310 to mount
320is 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 1n the

mount are aligned perpendicular to plane 320b and have an inner diameter that matches ar

outer diameter of screws 340, 342,
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aligning metal rod 330 with opening 302 in the substrate, opening 350 in
the mount with threaded opening 304 in the substrate, and opening 352
in the mount with threaded opening 306 in the substrate. While the mount
320 and substrate 300 are aligned, rod 330 is inserted into the cylindrical
opening 302 in the substrate until the bottom surface 320a of the mount
contacts the upper surface 300a of the substrate. Following the inserting,
friction between the rod 330 and opening 302 in the substrate inhibits

rotatioqat MEYRb B2% ARPHHLAR AXISRYRENAIE U DRRIRRSE 0N,

320a, and tightness between opening 302 in the substrate and rod 330

ststHeLs: Rehal MONSMENESRMRNbE 3R Ao B &rigis eSS AR E0Rm

After the inserting, screws 340, 342 are rotated into threaded openings
23R, adisasnestivielien dbgpst bstialiantheEeRyne QUG M oLb 3R, tgraphite
substrate 300 with ; precision of at least 12.5 microns in position and
oPeatfhile grappiitandutaliadentbiimmnite §0Pasid filustthtaippsy stefrcé@00a o
aligning and coupling an optical component 310 to a mount 320, in
tmcobrtatcsivishbsieor2eeat invesiiaerpandimlientb odinesHihh & hagagdeim
aligns and couples optical component 310 to mount 320 with a precision
opgrangs 3641308 erisps{Eom Hssimarer ardeocr el ecarhitamg int the substrate 2
orientation. As mentioned above, optical component 310 is initially

3%&%@@@%%&9%? Ak rinum alloys, stainless 16 steel, nickel,
berylljum, The. hining incl formj indrical. i
o, TUR e 42D A AR R TS SOk e S TSPl
16 h It.will b St .additj inas:
L R

RORIL® Bs&i%g%x&i@%iﬁ?é SPPSRIRY.34 8,18:ihE M3chiRedORHERIGAMPRRENt,

such that rod 370 extends away from a flat back surface 31 Oa of the

ogéig{;gbg@%p@e%ﬁﬁﬁa@a HIR PRPBHANIGUREL SiBsHalRDKrEU{AGR, rod 330
is inseréed into the cylindrical opening 302 in the substrate until the bottom surface 320a
of the mount contacts the upper surface 300a of the substrate. Following the inserting,
friction between the rod 330 and opening 302 in the substrate inhibits rotation of mount
320 about an axis‘pcrpendicular to the planes 300a, 3203, and tightness between opening
302 in the substrate and rod 330 restricts lateral movement of mount 320 with respect to
the substrate 300. After the inserting, screws 340, 342 are rotated into threaded openings
350, 352, respectively in the substrate, thereby coupling mount 320 to Substrate 300 with:
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 af leas
12.5 microns in position and 0.075 degrees in angular orientation. As mentioned above,

optical component 310 is initially machined from aluminum, aluminum alloys, stainless
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Mount 320 has a flat front surface 320c and openings 322, 324, 326 that
extend from the flat front surface 320c into the mount at an angle
perpendicular to flat front surface 320a. At least two of the openings 322,
324, 326 in the mount preferably pass completely through a thickness of
the mount, and first and second screws (not shown) are respectively
disposed in two of the cylindrical openings 322, 324, 326 in the mount.
The first and second screws have an outer diameter that matches an
stirarickaineigreobopanitigs. 3P B2hidag incthéesfotnin Neptindnie Moienings
320 is positioned with respect to the optical component 310 by
3 ElnfllHaA b Uy alihningitrelnvdtataio o Bindeodendimgds i 13é 4 Bl 6 adre
component with opening 318 in the mount, threaded opening 312 in the
thegnded! ¢Brivilbhenedaiape thepEntegos additienal ansuimzeerh khhsaged in
opening 314 in the optical component with opening 324 in the mount.
CONHRETNLIHE 35ChINS tredplicar Epfrisehadr o arvsisngre dn cdindaingh

ﬁ mount until the

d 370 s. d.into the cylindrical opening 318 in {
R SO G B DBt CCTABar R ABPo i 1Tt

Q o%‘trlge nt. .Eollowing the inserting, friction between. c ing'%i | xod
T R bR e R
ofRouLag, axis perpendicular to surfaces 310x, 320c, and tightness

between cylindrical opening 318 in the mount and cylindrical rod 370 17

restrigtsuatesalimoy emenR e mes AR pitniesnect o theqpticalicnd

component 310. Thereafter, two screws (not shown) are rotated into the

fréfraaopst apeningscd B203 Ito laspaatiMalainigcqplisal Gompaen eat front

thereby coupling mount 320 to optical component 310 with a precision of
susfated022 Birkictans iof piesitpeniagB 02) 3B4d 2l ée shinmamgu lpreforabhit atien.

Figure 12 illustrates a metal grating element 360 with perpendicular faces
coR@ctely through a thickness of the mount, and first and second screws (not shown} are
respectively disposed in two of the cylindrical openings 322, 324, 326 in the mount. The
first and second screws have an outer diameter that matches an inner diameter of openings
322, 324, 326 in the mount.

- Next, the mount 320 is positioned with respect 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 componént 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 320¢ of the mount.
Following the inserting, friction between cylindrical rod 370 and opening 318 in.thc
mount inhibits rotation of the mount 320 about an axis perpendicular to surfaces 310a,

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

17



364, that may be mounted to a substrate and used as a component of
spectrometer 100. In order to form the grating element 360, a mass of
material (e.g., aluminum, aluminum alloys, stainless steel, nickel, copper
or beryllium) is first machined to form a face 362 of the grating element, a
cylindrical opening 370 that extends from face 362 into the material at an
angle perpendicular to face 362, and further cylindrical openings 350 for
receiving screws (not shown) that extend from face 362 into the material

rédtasARAaIRIPancic sih dentase B9 h eyiindkicalalighrsanirapbieat 310.

shown) is inserted into the cylindrical opening 370 such that, after the
Theesiirg, ithesalignnienttacvaxteadsawdyd dim theadadteralgkan Bagle
perpendicular to the face 362. A second face 364 of grating element 360
renpsctes fabribatertivgingrerrepuxihesgbioatiphipg osess 32 urept B4l osmatesnt
a f rther optical grating element 410 that may be aligned to a mount using
3vatignrerisisystbah lepd A frorsgene b goiticrndHPaerssa inasgular
component of spectrometer 100. In order to form the optical grating
OBfEMEAL: a mass of material (e.g., aluminum, aluminum alloys, stainless

steel, nickel, copper or beryllium) |s first machined to form a face 420

tho o NEUF G N BN B ATEE eGP 0L 7 4 PP PEL B et e
t,shown).that extend from face 420 intq the material at an angle

SR G S o I B R R e 1000

perpen 0 face ercy _ _
ofBGEY g ARG, SSIEW-INAB ISR Fomiaca 420 Ima e maierfhah

an angle perpendicular to the face 18 420. Cylin rical alignment rod 470 is

alltsereddnie thaicylindiicapeeningdililsy e rthaiaafiaedns i0381INde 362 of

alignment rod 470 extends away from the material at an angle

tiRarpengdicelnsdo 1he1aga 4L0pisgaT0ahiaca s aloaplicrl AN the material
element 410 is fabricated using an epoxy replication process. Second

afaperi3Oparpynkizaralidhte 3108, fst fiaber42hralsicl @pningsigihdot Sedaiving
further embodiments of the optical grating elements

screws (not shown) that extend from face 362 into the material at an angle perpendicular
to face 362. A cylindrical alignment rod (not shown) is inserted into the cylindrical |
opening 370 such that, afier the inserting, the alignment rod extends away from the
material at-an angle perpendicular to the face 362. A second face 364 of grating element
360 may be fabricated using an epoxy replication process.

Figure 13 illustrates a further optical grating element 410 that may be aligned to a
mount using the alighment 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., aluminum, aluminum alloys, stainless steel, nickel, copper or beryllium) is
first machined to form a face 420 of the optical grating element, cylindrical openings 411
(for receiving screws not: shown) that extend from face 420 into the material at an angle
perpendicular 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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shown in Figures 12-13, the second face may be positioned at any angle
between parallel and perpendicular with respect to the first face. Finally, it
will be appreciated by those skilled in the art that changes could be made
to the embodiments described above without departing from the broad
inventive concept thereof. It is understood, therefore, that this invention is
not limited to the particular embodiments disclosed, but is intended to
cover modifications within the spirit and scope of the present invention as
4finegimitieel afipencded elaimss 1sMbatis drisyaddscd. Hamained farch that,
aligning and coupling an optical component to a substrate with a
aferokiconsoftiag]eigtb2iB mwicidh sxtepbsition finn GOFREdgreemianghgular
orientation, comprising: (a) machining an optical component from a
nerRtadinduictoelfsidbe 4 rsoprd Brsiddt gfomtictd guttoge iohrutiruin,
aluminum alloys, stainless steel, nickel, copper and beryllium; (b) affixing
PhE it uries Mpansire icsHen R asinSerand BerdR0 sunydearaliel to the first
fdefiE?(rags a first plane, wherein a cylindrical rod extends away from the flat
Btiom ELHEEE DR M%heaﬁ@‘éoﬂa?a@w&ﬁwa%ﬁ%rm?m
nd wherein a t first and . second screws are disposed ip first and
Ssecon %cﬁ)gl%e r?c%ﬁo’p%ﬁ ﬁ]eﬁglfﬁ S 3’%" Gy B%’ftﬁ’?ﬁ% e pdlel
amp&g&, if, ingri penings in the mount being
a|igneﬁ%?ggﬁgﬁﬁh%%%ﬁﬁé%m having an inner diameter that

matches. ) puierslia %eraf%fdtng HiRbARASERORE ATIENSHEELRIidiINg.2

substrate having a flat upper surface that defines a second plane,

niietein@efiséEinakisal epeang exignduiRpuiheurng irusiase Rithgve
substrate into
concept thereof. It is understood, therefore, that this invention is not limited to the

particular embodiments disclosed, but is intended to cover modifications within the spirit

and scope of the present invention as defined in the appended claims.
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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 substrate into the substrate at an angle perpendicular to
the second plane; (d) positioning the mount with respect to the substrate
by simultaneously aligning the metal rod with the first opening in the
substrate, the first opening in the mount with the second threaded
opening in the substrate, and the second opening in the mount with the
Whehiidldbhimadeésl opening in the substrate; (e) while the mount and the
substrate are aligned, inserting the cylindrical rod into the first cylindrical
pening in th? substrate until the bottom surface of the mount contacts

1. the URBEN SEAG8 G 1Pe SUbSRIPANG,RErBRCRO GG CAld S ezt wih
prefifition! o teesnt ffe midhodsidalrastiancethe(itgEoprnieg in theysbstiateation,
Conuahgmé rotation of the mount about an axis perpendicular to the first and
sec? es and t| htness between the first o?enlng in the substrate
andf;r]\ '%ﬁﬁﬂ’ﬂ@a"l“?o HEalricRE RABPEF BV hErrIBFRh&elfeart i the group
conmigipractiathessubstrafeslamih (frafierstem(e)oratatinglthe tstianitssconpper
andSSERW, sihto the second and third threaded openings respectively in the

sub at Whe the mount is coupled to the substrate with said
pre§5’§ rggtl?%tﬁf’)'a%‘fr@ﬁm?la WRERS i HRHE%Asfahbotvedsyface that

defiogirrlfi tsélpém@nlwgsrmlae:yhmlnnah netledsendsavayifigra fiestitapetech surface
of tﬁ@&ﬁ)&arﬁrﬂ thefigt yaderarudseians ﬁ?étvﬁian@agﬁd‘%?eﬁ?gp%%st first and

rPdered sha e hat mates_with the first tapered shape, whereby the " first
SeCo SCr W

SR SRS R P S AR SR ARl D RFCERS AP dAePLBRBHA%S IftRifxignd through
the cb@étnmgwmme?frth@unm@t Tthe fingthod eé@lailtlinatiereipatemgo) fissheount

beif@EMRHERS SSRGS the first plane and having an inner diameter that matches
an outer diameter of the first and second screws:

(c) providing a substrate having a flat upper surface that defines a second plane,
wherem a first cylindrical opening extends 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 substrate into
the substrate at an angle perpendicular to the second plane;

(d} positioning the mount with respect to the substrate by simultaneously aligning
the metal rod with the first opening in the substrate, the first opening in the mount with
the second threaded opening in the substrate, and the second opening in the mount with
the third threaded opening in the substrate:

{e) while the mount and the substrate are aligned, inserting the cylindrical rod
into the first cylindrical opening in the substrate until the bottom surface of the mount
contacts the upper surface of the substrate, wherein, following said inserting, friction
between the cylindrical rod and the first opening in the substrate inhibits rotation of the
mount about an axis perpendicutar to the first and second planes and fightness between
the first opening in the substrate and the cylindrical rod restricts fateral movement of the
mount with respect to the substrate; and

(f) after step (e), rotating the first and second screws into the second and third
threaded openings respectively in the substrate, whereby the mount is coupled to the

substrate with said precision.
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cylindrical rod into a further cylindrical opening in the mount. 4. The
method of claim 3, wherein prior to the pressing step, an outer diameter of
the cylindrical rod is greater than an inner diameter of the further
cylindrical opening in the mount. 5. The method of claim 3 wherein the
inserting in step (e) comprises pressing the cylindrical rod into the first
cylindrical opening in the substrate, and, prior to the pressing in step (e),
an outer diameter of the first cylindrical rod is greater than an inner

2. diamétemghtsedirsttylindsivalcopérniyindhe sebistdateliGiidametbotdorin the

moaHgmngRNELaguRING aNPRMIGALRANYIRRENL A AUt WIth A RIecision of .

at least 12.5 microns in position and 0.075 degrees in angular orientation,
heacdésrﬁ@[ < B ARG 2T SR CaP P BR (TR feRerRa EnesdBetahy the
firsfrard tesqndapeeonsistiiigraiatitraticotret aihal sarionmyéitumialopatioys,in the
mogtainless steel, nickel, copper and beryllium, wherein said machining
includes forming at least first, second and third cylindrical openings in the
material, and said second and third cylindrical openings in the material
3. are fhreadethoth)qbrolaiting! a eylamdiicaitepd (pdsitiohed dortheifist pressing the

cylifybiodrical iaReninaHe hgnmaehingedpRbSaleApRANent, wherein the
cylindrical rod extends away from a flat back surface of the optical

component at an angle perpendicular to the flat back surface; (c) providing
4. a mébatrefrrhd flairrGnvdureioepandtattteastdishgssiepndrandethitdmeter of

theQyfindrieal RREBIpaRBAaxaNdfremAihe dat BPHlHITACE IR heMpitatng in

th at an tangle perpendicular to the flat front surface, wherein at least first
“and'Second of the plurality of cylindrical openings in the mount pass

completely through a thickness of the mount, wherein first and second
5. SCreyys aRetheaRaciively SlisRasad ik the dkiARdREP A homprises pressing the
cylindrical rod into the first cylindrical opening in the substrate, and, prior ta the pressing
in step {(e), an outer diameter of the first cylindrical rod is greater than an inner diameter

of the first cylindrical opening in the substrate.

6. A method for aligning and coupling an optical component to a mount with a
precision of at least 12.5 microns in position and 0.075 degrees in angular orientation,
comprising:

(a) machining an optical component from a material selected from the group
consisting of at least one of aluminum, aluminum alloys, stainless steel, nicke!, capper
- and beryllium, wherein said machining includes forming at least first, second and third
cylindrical openings in the material, and said second and third cylindrical openings in the
material are threaded:;

(b) providing a cylindrical rod 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 component at an angle perpendicular to the flat back surface:

(¢} providing a mount having a flat front surface and at least first, second and
third cylindrical openings that extend from the flat front surface inte the mount at an
angle perpendicular to the flat front surface, wherein at least first and second of the
plurality of cylindrical openings in the mount pass completely through a thickness of the

mount, wherein first and second screws are respectively disposed in the first and secend
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21 cylindrical openings in the mount, the first and second screws having

an outer diameter that matches an inner diameter of the first and second

cylindrical openings in the mount; (d) after step (b), positioning the mount

with respect to the optical component by simultaneously aligning the

metal rod extending from the optical component with the third opening in

the mount, the second threaded opening in the optical component with

the first opening in the mount, and third threaded opening in the optical
cyliggrmgonemingithn tihe sesondiopémsingnih theombsertve hatiile dheomeudbimeter
thatdRsdhesoRticRlramPRAGT 16 Aloned sRKeRsRd RSV IPAtIcEL SN Rount;

the third c%lindri al opening in the mount until the back surfacé of the

optiCAIRSBERARE AL BIRS HAEL SRR 1A dif bRk ATPonent by
simftihoningsaignimse tingn tstion Fetersng He oy lindriggitadangotienthilth the

third® BB&‘M}% it MeURL irRiIRILe FataeRRLIBEIRAY L AROUL AL A S hponent with
en

erpendicular to the front and back surfaces and tightness betweéen the )
the (R LRRSHEISRAMTY ATt JOmassd fRepeariRg JeiFal somagnent with

the merad moyvengenttiod theurpunt with respect to the optical component; and

(f) qfteratep (@) refatingdhe st apeharconthsRERYs intathRsecadanf the

_third threaded openings respectively in the optical component, whereby
GRS ORI (0 50 L ROAT L b R S BrC R G e Rine
optingéthodmsherindtadteibn Step G@)feompfisbs machiningadourtbilowing said

insdRRpdedicytngiical apeaintitide.Materide R MOMRHRGLEeS iRk Hhibits
I|nd1r|ﬁ1al o enln%%:r‘]at extends from the flat front surface into the mount
el o K hue

A anyl cLRl B BRI URAEE, WRERIA HRg'atiiiRoes and
iighw}m?dh@wcﬁjerﬁimtmrmewmdnaipa@seisgcdmgi_ietealyumhreugHia_etla'u_ikmie'sslovfcd
resti&MRALNEIRI B IS meIAVIR-dishasedimhstuithy Sylindticalq

opening, in the mount, the third screw having an outer diameter that )
m a&@%er step (e), rotating the first and second screws into the second and third
threaded openings respectively in the optical component, whereby the mount is coupled

to the optical component with said precision.

7. The method of claim 6, wherein step (a) comprises machining a fourth threaded
cylindrical opening in the material, the mount includes a fourth cylindrical opening that
extends from the flat front surface into the mount at an angie perpendicular to the flat
front surface, wherein the fourth cylindrical opening in the mount passes completely
through a thickness of the mount, wherein a third screw is disposed in the fourth
- cylindrical opening in the mount, the third screw having an outer diameter that matches
an inner diameter of the fourth cylindrical opening in the mount, step (f) further
comprising rotating the fourth screw into the fourth threaded opening in the optical

component.
8. The method of claim 6, wherein prior fo the pressing in step (e), an outer
diameter of the cylindrical rod is greater than an inner diameter of the third cylindrical

opening in the mount,

g, The method of claim 6 wherein step (b) further comprises pressing the cylindrical

rod into the first cylindrical opening in the machined optical component.
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an inner diameter of the fourth cylindrical opening in the mount, step (f)

further comprising rotating the fourth screw into the fourth threaded

opening in the optical component. 8. The method of claim 6, wherein prior

to the pressing in step (e), an outer diameter of the cylindrical rod is

greater than an inner diameter of the third cylindrical opening in the

mount. 9. The method of claim 6 wherein step (b) further comprises

pressing the cylindrical rod into the first cylindrical opening in the
mmacplijréegnog]ti%al orpponsent. 22 10. The method of claim_ 6.. wherein prior

to the Breseng i s8R th)al SR Bieetel 5t Mg IndRcIProds an outer
diagjrelateritizm afindnes diahietersefahthfirseoyilimerichhnapenirigha thet cylindrical
opdRRehined eRlisahSoMRRREEMME3A e OMPACT INFRARED

SPECTROMETER EMPLOYING A DETECTOR ARRAY Abstract A

compact spectrometer (100) operable in a wavelength range of 4.5 or

more microns includes an entrance slit (110), a collimating mirror (120), a

grating (130), a focusing mirror (140) and a first focal plane (160). At least

some radiation passing through the slit (110) follows an optical path in

which at least some radiation passing through the slit (110) is reflected by

the collimating mirror (120) onto the grating (130), which in turn reflects at

least some radiation onto the focusing mirror (140), which in turn reflects

and focuses at least some radiation at a first focal plane (160) and onto

the two-dimensional
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array of detectors (150). Each column in the two-dimensional array of
detectors (150) corresponds to a wavelength in the 4.5 or more micron
range, the two-dimensional array (150) includes a plurality of columns
that collectively correspond to wavelengths spanning the 4.5 or more
micron range, and each adjacent pair of columns in the two- dimensional
array of detectors (150) corresponds to two wavelengths that differ by an

AQEVRACTMFRIRENSPES BROMEDE /o llionating sraEd 20k WeraY
grating (130), the focusing mirror (140) and the first focal plane (160) are

positioned within a volume that ishegjtesttor less than 192 cubic inches in

size. FIG. 1 _
A compact spectrometer {100) operable in a wavelength range of 4.5 or more microns

includes an entrance slit (110), a collimating mirror (120}, a grating {130), a focusing
mirror (140) and a first focal plane (160). At least some radiation passing through the slit
(110} foliows an optical path in which at least some radiation passing through the slit
(110) is reflected by the collimating mirror (120) onto the grating (130), which in turn
refiects at least some radiation onto the focusing mirror (140), which in turn reflects and
focuses at least some radiation at a first focal plane (160) and onto the two-dimensional
array of detectors (150). Each column in the two-dimensional array of detectors (150)
corresponds to a wavelength in the 4.5 or more micron range, the two-dimensional array
(150) includes a plurality of columns that collectively correspond to wavelengths
spanning the 4.5 or more micron range, and each adjacent pair of columns in the two-
dimensional array of detectors (150) corresponds to two wavelengths that differ by an
equal amount. The entrance slit (110), the collimating mirror (120}, the grating (130), the
focusing mirror {140) and the first focal piane {160) are positioned within a volume that is
eqgual or less than 192 cubic inches in size.

FIG. 1
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