COWPACT | NFRARED SPECTROVETER, AND METHODS AND SYSTEMS

FOR SAME MANUFACTURE AND ASSEMBLY OF COVPONENTS USED

IN Field of the Invention The present relates to

infrared spectroneters, and also to systens and

met hods for rmanufacturing and assenbling opti cal

conponents including conponents that nay be wused in

infrared spectroneters. Background Infrared
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bet ween infrared radi dti¢ldeftednvedliéf er ent subst ances

had been studied by scholars in the fields of both '
physiTie paesent relestodnfiared $ftecih@setais,and alse énsybioms dnd mathods for
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built until  World VWar 11, when the US Ofice of

Rubber Reserve identifi qugcgﬁ yse of infrared
spectroscopy as an effective neans for neasuring the
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acka ed in_a space larger than 7 to 8 cubic feet E}
species. The first mass-produced infrared spectrometer was nof built unt

“World War II, when the US Office of Rubber Reserve identified the use of infrared
~ spectroscopy as an effective means for measuring 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 specirometers have gained wide
acceptance by both the scientific and engineering communities. The first generation of
- - these spectrometers utilized the op-tical. dispersion of infrared radiation by rock salt

. materials such as sodlum chioride (NaCl). Later these hygroscopic, or moisture-sensitive,

. tock salt pri;ms .were replaced by diffractive gratings made with glass substrates. In
general, these-éarly infrared spectrometers weighed over 200 pounds, and were packaged

-in a space larger than 7 to 8 cubic feet in volume.




1 1In addition to the dispersion-based infrared
spectroneters, in late 1960s, with the advancenents
in lasers, conputers and data storage devices, a new
type of infrared spectroneter based on the principle
of optical interferonmetry, was devel oped. Due to the
conputation involved in converting the interferonetric
measurenents to optical spectra by the mathematica

cal cul at fF i er Transfor tlon these.in red
st i3 e Bipesgion bt AT tpor Tt s 18 9638, Sien the
ectrosco art as FTIR Despite the fact that
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nature of these instrunents requires that ultimte
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operation. This is because the interferonetric
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beans w thin the distance of half a wavel ength, i.e.

alsp kewiisindghe infratel epacirescopptreas FEHRg despite the faet theishebs | FTIR
any .m nute changes in the tenperature or any snal
sprotromnetefs havdypratidedhhigliy idprovabaehditivity dfndisbectrel sesohatirnaiompare
useabl e spectra fromsuch an FTIR spectroneter. Due to
tdvde dispasivpifaied apectbmicless, the tnted@romettie hatarewfalicse imtitments
all the related feedback and control electronics, an
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abilities to detect the infrared spectral signatures
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hi g hly val uable. These types of chem cal information:
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For m‘aﬁy 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, mfrared 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 Iimtations nentioned

above, it would be desirable to develop a sensitive,

i ght-wei ght, rugged and conpact infrared spectroneter
capabl e of detecting and/or identifying different

chem cal species under hostile service conditions. To
achi eve these goals, a conpact optical spectroneter
design is needed to cover a wide range of the

infrared wavel engths, especially one that falls into
the s&oelqviateiiteprotieal mitaions gusplipned abovesit yauldybe dggagle. to
This is because the infrared absorption features in
fieneloprd sepwitiys: fight-weaghtomssadiand peragctiafraned spastemeter capable of
di stinctive chem cal evidence that can be used to
detesiingfand/of idewifiging diffipent alreomienl sphiet under hostild sgries conditions.
straightforward to use the principles behind an FTIR

o athievedhess gadlk,@rcospadt opdsab spectsontdiartdesigy smeededitalepver a wide
range of the infrared spectrum the |ow resistance to
eangé obihetnfiasdd whvaleggihs, Repecially omatbit fillydnto dggeeantied infrared
requi renents for field applications. Another
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instrunment is the ease of assenbly. Inside all the
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conpo und are made of glass materials.
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e mrrors Wthin an FTIR, these gl ass-based
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trunents need frequent mai ntenance or ali gnment
%pﬁ EU9E,yi ng t he assenbly line. Ever during the

assenbl y process % skilled opticians are

r equi Aather §pnsid Pied fmiBp ecogpmicy pf the mnshrywent ipthe eesgiof
component s, rrakl ng the production nore costly. The
gseemlelyit Insidellithg ’@galfﬁﬂ apactremeters &eslapit theymaiogitst ontigal

ot her shortcomi ngs found in the prior art. Summar of
¢omeponents foupd are rgade of glass matenals ether 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 uncertainties on the precision of the final alignment. As a result, these
- instruments need frequent maintenance or alignment after leaving the assembly line. Ever
| during the assembly process, highly skilled opticians ére'required for proper alignment of
- all of these optiéal 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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In the present invention, a dispersive infrared
spectroneter has been designed to work in tandemwth
t wo-di nensi onal infrared detectors. By tightly packing
the optical paths within the spectroneter and
careful l'y mai ntaining the divergence and convergence
of the optical beans, the present invention achieves
conpactness while at the sane tinme produces a focused
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principle, the spectrometer is significantly |ess

VidHess adpesedinfpted sReptrpgrAPRR Riwordimepsianal ﬂﬂe%?rd@wh gvers 4.5
i mprove, the ease of assenbly and mai nt enance on such
grmprermisrang of e dnffareshpe@iim. 3 push- and- | ock mount i ng
schene i s designed for optical conponents and

conpohe firthenenhiance thewugpgdoess pbte spevbometer, il joptical components anc
sinplifies the assenbling process and at the sane

“tinme thehinewetngfirines emwetfatsicatgthfremtmeiils rasher fah glass enabing the
wel di ng, brazing or gluing. In one enbodinent, the

as s enfekyltingespecitomiaiechighdy resisgatito shaxhpinidstibratidrad Adgl beiag
testing for quality control purposes during the
assendibpefdveiateetan difdferdndaieingls Woekifip penciple, the spectrometer is
cost-effective. Finally, due to the rugged design and

the. pﬁgﬂrﬂmny 1k WaIaEmBIE to thb envioRREABIINRARE. I equi res

m ni m i ntenance once it is deployed, mailing it a
nore effective tool for field applications found in

f act Okl eder tPithdroee the 88 ofdteniy b Embinfhele oh Budd infrared
enbodi nent, the present invention is directed to a
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of 4.5 or nore mcrons (preferably 7.5 to 13.5 nicrons
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range). The spectrometer includes an 4 entrance slit,
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first focal ane
glumg. 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
specirometer requires minimal maintenance once it is deployed, making it a more

~ effective tool for field applicétions found in factories, public areas and battle ﬁglds.

In one embodiment, the present invention is directed to 2 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 -




| east some radiation passing through the slit follows
an optical path in which at | east sone radiation
passing through the slit is reflected 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 | east
sonme radiation at a first focal plane and onto the

two- dinensj.onal array of.detectar whi ¢ be
chiRise Sl L poL A T ARInEoR iREID TGCRLR By diea) lane. At
0 i B Oy B S11 OPYY SOt i vyt gt gome

m,cron range, the two-di mensional array includes a
rgsfiation presipeghroughpihg skitds rafiseted by thecellimatipe miroroninhe etabng,
wavel engt hs spanning the 4.5 or nore mcron range,
whirh is fep refleria eblsest peme ragiatiem primihe foepsingeauirror, which m turn

t wo- di nensi onal array of detectors nma correspond to
refkeots l2nd fichses ehlgast siinhd radiatign atrp fasfufatal aﬁm and otfthihe two-
entrance slit, the collimating mrror, the grating,

| dinremsiond wgian gf detectars (vetrich ninebd located dtdhafirsploeal laae er another

positioned wthin a volune that is equal or |ess than
fab8pland)i Badhreohss in hestiwoelimamsibriat afgrofidbigcteltcbséspondsaoe
or all of the follow ng design requirenents: 1.
p&fiag o thea» BOmbi eniCRARSIZE  the tved Siedsibfal hirghinblydes a plurality of
arranged, yet cross-talk, undesired reflection or

cilinpfs i sRleRivaRbofttspdidid ﬁé&ef&gﬁb Sptinfling €he £ 61CA ke Dhicron
elimnated; 2. The spatial and angul ar arrangenent of
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coverage (on the detector array) w thout exCessive
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astigmatismor chronmatic ration, and w t hout
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2. The spatial and angular arrangement of the components should produce the

desired wavelength coverage (on the detector array) without excessive aberration, such as
spheﬁcal 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 focﬁse_d at the first focal plane




4. The focused spectrumpreferably utilizes the entire
w dth of the two- dinensional detector array detector
so that the spectral resolution is maxi mzed; and S.,
The height of the focused spectrumon the

t wo- di mensi onal detector array is preferably maxi m zed
with mnimal or no distortion so that a vertical
average of pixels on the detector array

correspnding to.the s wayel engt h be taken
GpEaRaa b favehisals ARLCERIALY AR P Bega on 8 to-
erformance. In accordance wth a further aspect, the
‘B?‘@%Sé‘m‘rT?Wéﬁ rtesions Lordmiated emare) 2 heseaend focebplan
al i gni ng and coupling an oPtipaI-conppnent to a
substi é‘glé fogused spechragreieryotilizes thegutire widh of the fwems
i.n position and 0.075 degrees in angular orientation.
dignensinnakdatectas asasndatrctorise %m@qqismﬂr Teglytipnigmaximized; and
sel ected from al um num al um num al | oys, stainless
st eel5;. Thaheighi of thedppised snecloan ph Hiedwo-dithensingal deggotor array is
conponent is affixed to a nount having a flat bottom
mefefablyenaximaizedieith migmal ¢4 nostistpiiomen that acyerticatiaverage of pikels on
extends away fromthe flat bottom surface of the
thedet¢ctataran (carresponding fpahelsand wavelengthhmay be takemgloafiginned”, to
and at least first and second screws are di sposed in
ehhaigt tianiknsletc@poile pyffdridhé«cal openi ngs that extend
t hrough the bottom surface of the nmount. The first and
S eCOMladeydnid Wit fuRRQASPHES thdprédeft invaaHbh istfifcRl kg B@thod
perpendi cular to the first plane and have an inner
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and second screws. A substrate is provided having a
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wherein a first cylindrica I ng extends fron
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wWth the third Lo ..
through the bottom surface of the mount, The first and second cylindrical openings in the

mouﬁt_a_re 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 extends fron
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 poéitioned with respect to the substrate by simultaneously aligning the meta
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t hreaded opening in the substrate. Wile the nount and
‘the substrate are aligned, the cylindrical rod is
inserted into the first cylindrical opening in the
substrate until the bottom surface of the nount
contacts the upper surface of the substrate. Foll ow ng
the inserting, friction between the cylindrical rod
and the first opening in the substrate inhibits

rqQtation. of the. npunt abou n axi s perpendi cular to
IPRS“ ithefirstfpgnicg Z:‘bnﬁﬁ S’ﬂ?sg?fés‘f'c ﬁﬁ&"%ﬁﬂ%@éﬂ"“&& dyg second
he first opening in the substrate and the cylindrica
adadappning indhe siostraie. andfipereond opminea theomeat yithyfhe third
respect to the substrate. After the inserting, the
 Hyepdad oppning wdhombssate.c Whila the maynbanddhe swbairate are aligusdgthe
and third threaded openings respectively in the
ayilipdriqalrod is ipsested info thedirstslindrical openipg indthe snbstrate until the bottom
substrate with said precision (i.e., at least 12.5
st ferea thei moupb sintactsibanppbed sw@ibe dithe mbstrate. Bollpwing the inserting,
orientation.) In accordance with a still further
Trsfmdtefweeh ¢heprytisdnital fodvued thedimstioperiig intheahbtteatainhibits katation
for aligning and coupling an optical conponent to a
afthenhount dipubarpiécpespaudicafar ithe figbdid sécbnd planes, and tightness
position and 0.075 degrees in angular orientation. An
befiides te fir@ @PRGRETHI the SubsRab hitEtle Syl Ml vot fektiicts ddteral num
al l oys, stainless steel, nickel, copper or beryllium

Ve mBRGTH idhnt Aéth géai?&tft@&%ﬁﬁtrﬁﬁ. haasihe {Hstsig, tAEARANShd

and third cylindri openings in the material,
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the material are threaded. A cylindrical rod is
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t the flat f t f . At fi,rst. and d
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- djsposed in the first and second cylindrical iﬁﬁnings‘

or beryllismdhemachipieg includes forming at feast first, second and third cylindrical

openings in the material, wherein the second and third cylindrical openings in the materi_al
are thréad’ei 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 con:;ponent 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 perpendiculartc

the flat front surface. At least first and second of the plurality of cylindrical openings in
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first and second screws have an outer dianmeter that
mat ches an i nner dianeter of the first and second
cylindrical openings in the nmount. Next, the nount is
positioned with respect to the optical conponent by
simul taneously aligning the netal rod extending from
the, optical conponent with the third opening in the
nount, the second threaded opening in the optica

nponent with the flrst n|n in the npunt, .and
Cbﬁﬁ‘%“’iﬂi‘?%%?@éﬁet b 4 th peurt e@r%&?eﬁﬁwﬁ prrews
t he second openlng |n th nt. Wil e the npunt and
eieaespeivel dispessaibthe Arst a%seamd@afbeﬂn%@emﬁ Hdhe mgpnt. The
rod is pressed into the third cylindrical opening in .

d gerewr bavganioniek dismpteribat rogtchas an sper digmeter of the first

conponent contacts the front surface of the nount.
pws] seeid oglindrieal aperings in ghe thioving t Now, the mosetris pesitioned with respect
cylindrical rod and the third opening in the nount
torthé dpiticsl cootpandndby simuttihreonsdyialigniigdbe metal mdiegtending from the.
perpendi cular to the front and back surfaces and
bptizhlt cospsndne tvivh die thindopdningdn thy mionet, iteadecandeiviendpdiopertifgein the
nmount and the cylindrical rod restricts |atera
omicairsefipoidnt itk thediitopeaibNintBspeait, dnd thiidthradéd hing in the
conponent. Thereafter, the first and second screws are

sptcatcdhp bﬁHanﬁtﬁﬂl%ﬂ@ péiisk it hékudt N MEAKEkE APaR afdte
respectlvely in the optlcal conmponent, whereby the

BBﬁéﬁltcohﬁoneﬁ%&B |aﬁ§1e¥i°th& BflinaREd! 56 is GREVARRD the/thicd cdidical

precision (i.e., | east 12.5 mcrons in positior
g!&ﬂm 0o ﬁﬁ?tﬂ Ba & f‘?ﬁ bAlchfodent Bontacts the front
ccogdance 3?{h a gtl urfher pectﬁﬁ?ﬁg'prQEnte o

T i L T SRR
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BB ST y Sﬁ%veﬁgﬁfﬁg@awﬁ e
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second face at an angl egbtgerpendl cular to a plctg
thief ihradedgpenings SsRGHIRLY Blbe opficakrogmanen Vhrhyclap mount is

openi ng for

- 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 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
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receiving a first screw that extends away fromthe
second face at an angl e perpendicular to the plane
defined by the second face, and a third cylindrica
opening for receiving a second screw that extends
away fromthe second face at an angl e perpendicular to
the plane.defined by the second face. Alternatively,
the second face of the optical el enent nay be

r st or a theen

Sty 4‘@3’%% S B Gt S R e B Mt
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of mat al um nu alum numall o .
reseiing A %%ﬂlgt Htoderwaycdsp the sgrong dacg et %%}eiq perpendicular fo
- machi ned to forma first face of the optical grating

the Rlererdefingd by the secopd fage)apd athirgsxkndgigal Wnsi?réﬁ%wf% m

the first face into the material at an angle
serons serew dhat sxtends apag fiopy the sependlaceat gn engle P@l?m*ﬁ#ﬁf togthe

opening for receiving a first screw that extends from
plane defined by ftecseconsk face: Hdtermatiesly.dhe seconthfacepifheoptical element
per pendi cular to the first face, and a third

naybe perpenditulaye therfiystiface, orcmy igle Yetwesepoaltt] andpespendivalpr.
extends fromthe first face into the material at an
angl b peogdamdivwith et a finthehsspectithsprefeatimventionysd diredied 6ad
alignment rod is inserted into the first cylindrical
mefiRd fadformidB @h Opiical gdtinyg cléient] ASRLsE bN@atetilige.g., alominum,
cylindrical alignnent rod extends away fromthe

aliBdifith alloysadtailldssHR@l, QicREll Suppel dr s livng) it RRcHihddsb fdrGefirst
A second face of the optical grating elenent is

ficBRF th%%bﬁéhl i elRheRDH ¥idst éﬁﬁhh&cﬁlbb%%?hm&ﬁds REE BRI fist
the second face is perpendicular to e first face,

£l $ntS AR eri A 9l élfgfegfefﬁﬂdléﬁl% e’ fiSf mcé ¥&londENRBLCH O

't he machi ne mat e and the second face conprl ses
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f n¥a%Qt h%rjlrhndncal alignment rod is inserted into the first cylindrical opening,

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 élement 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

paralle! and perpendicular.




Figure 2 is a further view of the infrared
spectroneter shown in Figure 1. Figure 3 is a diagram
showi ng the optical path of infrared radiation in the
spectronmeter shown in Figures 1-2, and sanpling and
condensing optics. Figure 4Aillustrates the
rel ati onship between the rows and colums of pixels in
the planar detector and a wavel ength coverage of 6
mcrons, in accor gan ;_mnth th oresent i nventi on.
Figure 4B |IIustr.’*‘ the REF 8T orss bet ween t he
romsggnd ol unns ot % t.he pl anar, detector and
E%?ﬂd%%‘fl&g o BT i 1ol RFATOMP{GT ERORRAG BAR the
with the resent |nvent|on. Figure S5A illustrates an
PGP conpact packagi ng for housing a
spectroneter, optics, a detector and electronics, in
accoFiesce Sorfarthsrisa ofdhe ingrrediypeogemetenshormie Rigiesr.-
Figure 5B illustrates an integrated, conpact packagi ng
for Kigwst his scliagsue shasrieg te optgsd patb of infrdwdewtiation amte
el ectronics, in accordance a further enbodi nent of the
speciromgter shovedn Figores 173, gud sanfiding|ahd sondamsirg aptics.
i nt egrated, conpact packagi ng for housing a
s pec Figureet e illustraigs the sl atianshép bettveen tharbweal aad tolombcsf pixeals in
accordance a still further enbodi nent of the present -
therplamnt deactorfing arvervEEhgdth bostidgaiof 6 ndtrohs) iegeatiaite with the
conpact packagi ng for housing a spectroneter, optics,
peeséifti®@htidn. and el ectronics, in accordance yet a
further enbodi nent of the present invention. 10

Fi QUF RGOt illubthaistihcreRtinshiS Bt dnhic Rws GRd Sfhuiibf pixels in

coupling an optical conmponent to a substrate, in
1HRG A& ad6RorWinll B wtabaeﬂgt@ é@v%}agb _Y L. @tnﬁl%ns 7 Qfé&%&nc% with the

ilMMustrate a system for -al i gni ng and cdupling an
ﬁ@éﬂtgg,len onent to a nmount, in accordance with the
present |nvent|on

Figure SA illustrates an integrated, compact packaging for housing a spectrometer,

optics, a detector and electronics, in accordance one embodim;ant of the present invention.

Figure 5B illustrates an integrated, compact packaging for housing a spectrométer,
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,
‘optic.:s, a detector and electronics, in accordance a still further em‘bodimeﬁt of the presenf
invention.

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

invention.
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Figure 12 illustrates a netal grating elenment with

per pendi cul ar faces, that may be nounted to a

substrate and used as a conponent of spectronmeter 100.

Figure 13 illustrates an optical grating el enent

havi ng parall el faces, that may be aligned to a nount

using the alignnent systemshown-in Figures 8-11. 11

Det ai | ed Description of the Preferred Enmbodi nent

Fi gurg %

infr ar gssbggg urgt([:)drtr‘!’é g£°f8%ﬁ c orcé) a%lmg% Oﬁwma? ggmponent to a
ntloBBﬂg ectr net 100 i s conpact (e g.

ﬁé%?et’ﬁ]agﬁaf Fee & Or}‘ol urre as descrl bed
nor o MR aEL ARG Eovifiet W??Ea?r{f” PR fé{mcj‘aaamﬁéonem o

0 erates inthe 7.5 to 13.5 m_cron range and, in a
éccé’ﬁjé'e‘r"f‘f“&h @ﬁﬁfﬁﬁ?‘ﬁéﬁ‘teﬂh‘érbect roneter 100
operates in 4.5 or nore mcrons of the 7.5 to 13.
m cr FE‘Ff‘a]f?g’él“S‘TaFPS aupral exptingloveset with perpendiavastieges, fb@ may be
" operates in 4.5 or nore microns of the 3.0 to 14.5
meuntediio p ahyiate gpbused ese ceppaot ofspeargestea l0®nt r ance
slit 110, a collimting mrror 120, a grating 130 and
afo E@glirmljﬁ ifixstrates an opticadgrasing vhemiont Wavigg paralicl fades) thatgnay be
sone radi ation passing through slit 110 follows an
atigtddda bk npahtusing thdhalipghment dystest shewmin Figdiea8ildn passi ng
through slit 110 is reflected by the collimating
mrror 120 onto the grating 130, which in turn
reflects at | east sone radiation onto the focusing
mrror 140, which in turn reflects and focuses at
| east sonme radiation at a first focal plane 160 and
onto the two-di nensional array of detectors 150
(which may be located at the first focal plane or
anot her focal plane.) As shown in Figs. 4A, 4B, the
t wo- di mensi onal detector array 150 preferably has 128
or nore pixels per row, in a particularly preferred
enbodi nent a detector array that is 160 pixels w de
by 120 pi xel s high nmay be used. The hei ght of the
focused spectrum 152 on the two-di nensional detector
array is preferably maxi mzed with mnimal or no
distortion so that a vertical average of pixels on the
detector array (corresponding to the

- 11




same wavel ength) may be taken, or "binned", to enhance
the signal -to-noise performance. |In preferred
enbodi ments, vertical binning of 30 or nore pixels is
used to enhance signal- to-noise performance; in a
particularly preferred enbodi nent, vertical binning of
50 or nore pixels may be used. A high read-out speed
is preferably applied to the detector arras 12 to

further enha'ﬁe@a&eﬁ%% %11-0%816@)98 fd l{oo%m it9: 30

full sets . 1S

or of o fan%%ﬁluﬁﬁate %%fereeﬁ{ vw%j?%ae%aafespﬁ?%ﬁ% ofi,
%@P%ae%fc SRR hapthon. SobeEbmeley Bt Pomaals oy tan 192
PG PRT o ?95‘&5%%8%?@%@ 8&0 D A P SOEFISHER R OB o

event - based used to calibrate the detector
laP’feavcwaé&e‘g b?#lmplgtuwgﬁegneéﬁdoa operatehinghe finie 1355 znicron
in the two-dinmensional array of detectors corresponds
epeendJp aiyel e spesivembasimentspegifometsn 10Goppeatesting.5 or more
two-di nensional array includes a plurality of colums
wigas ohthe 7840 1 38 microhyangor Fresthartbbdimeatssipectyider 100
spanning the 4.5 or nore mcron range, and each

apgjates énd.S puinpreghicrok ofithe 3X6:0d4iSmitdoe ratgan- di mensi onal
array of detectors may correspond to wavel engt hs t hat

di f f &pedipmater @iathuderm oatrandenliono, eedibehtii thirrdr W20, a grating
entrance slit 110, the collimating mrror 120, the
1§0and afeusbdDmirtdd €46.086 shdveh WPigued 3, b Ra@R6mE hlidtion %hssmg
focal plane 160 are positioned within a vol ume

thisugtosiiall L bllbes en sital ﬂa%?m&ﬂb&?atllé&&fs%ﬁwlramm&q)assmg through
Referring now to Figure 5A there is shown an

stint 18g% Afieded 6OED 36Rink8E, ﬁ&k&Qm 48 4nd Q5101 Rflich in turn

spectroneter 100, as we as ot her conmponents.

rSHReaR|at R8st SR BiakdY antofthg‘f%ﬁsﬂjﬁsmih%r g, mch]lgahﬁﬂ CLefl¥isbRd

"the entrance slit 110 of spectToneter

f&&g’éél at leaé §&u@§£ﬁ§dﬁ§n Ll!']aeﬁgﬁg‘ézgtp%e (lé(f]%#bntt(? %hg tWO-\tlio ensmnal

Fi gure 4A, n one e rment

ol Rk | ﬁ?ﬁh e R R i
_ p%%%%%h&vyn 51?83 49\5 4}9,% %vo Eignenszgg)a? Hgtgétcs’r a!nnangﬁ pregcranﬂy 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
distortion so that a vertical average of pixels on the detector array (corresponding to the
same wavelength) méy be taken, or “binned”, to enhance the éignal—tomoise performance.
‘ "In prefeﬁed embodiments, vertical binning of 30 or more pixéls 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 arya;
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and for receiving data therefrom Referring now to
Figure 513, a further enbodi nent of an integrated,
conpact packagi ng 200B for housing spectroneter 100,
as well as other conponents is shown. This enbodi nent
may be used for surface detection, e.g., for sanpling
a surface 211 such 13 as a silicon wafer, a coating or
a drug tablet surface. In this enbodi ment, the

in nodul e OB proj.ects ner fromIR
B B AP i S PoRe BlBTF S 3o H ety i wossepond, or
211 of the s via_collecting mrror 214 then the,
iR, B s ped e @ﬁ? 15,08 A QA 5 CP S AT blel P tp fpbient
the slit_ 110 of spectrometer nodul e 100 _using focusing .
fempprapu: lusqugtions, it ghry bemsergsans it freapemilytcgtibiate By detectermreay in
conpact packagi ng 200B is | ess that about 700 cubic .
ret @ achicys data stabilityievar contiswenscaparetion. Meaial er aujemgticdluctuation
shown in Fig. 5A) is optionally used for operating
TSBIRENN BigEered by Reridinprd(no Byentrhased bigia wey irseditg calibrage the
therefrom Referring nowto Figure 5C, a still further
datdstediamesiat of an i ntegrated, conpact packagi ng 200C
for housing spectroneter 100, as well as other
conpdisshown insFiginend and 4 leach eidndi 50anih theawokitmeasadal aray of
measuring a continuously noving sanple 216. In this
deidotoals coenaspontiie aganiin ofgha s of Mok BiiCrod irsiet The feb-dimensional
focuses IR energy (originating from IR source 213 and
drag ischdlcs s pialiost thilutths| 1806 thadlch)ledtels! dotredpbd &f Wi\féﬁ:ngths
spectroneter nodule, 100 while the noving sanple 21

PAEHRSthE 15 O tord MRraPlahER hnd@h adjRcefl SI8F off @lumns 150a in the

continuously neasure sanple 216. Sl ot openings 212A
AR S SAD AEB) Bt 0 U
Rl T I ARl BUAOLN A TETRI QAR ARECP 120 M knting
1t3@,t tﬁ{i fo&%ﬁ%ﬁgﬁ& 146 g.ﬁ(?’&lg fgﬁg&%%l% 1%99&: é«%itko%gé Evgt E@%o\iolmne

abou uni c I nches, conput er ase

gﬁ%ﬂ?&%@ﬂ%@?@s& %%n%?c%ici: ’%{’@S?‘%SBA) is optionally used

operatin cofnponé 1f)‘%ickaging 200C, and for
rece \éfeprgﬂgdn%tw 0 lge{rggki) tg]ere 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 2004 is Iess 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 ﬁlrtﬁer embodiment of an integrated, compact

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

This embodiment may be used for surface detection, e.g., for sampling a surface 211 such
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Referring now to Figure 5D, a still further enbodi nent
of an integrated, conpact packagi ng 200D for housing
spectronmeter 100, as well as other conponents is
shown. This enbodi nent may be used for collecting and
sanpling distant IR energy 220. In this enbodi nent,
the sanpling nodul e 210D directs and focuses | R energy
(using tel escopic 14 optics 219) onto slit 110 of the

TR Eonsth 38%5%88& t%bBet%B%@%FEﬂ%&%%ﬁg%%&%ﬁpmg

70 hG | -

SRR R e o B WStusers i fepeiy o
' ts J.n .packaging 200D,

PUTEF 5} G Pl e ol GBS P dhonshirchoried B s

systemfor aligning and coupling an optical conponent
Seffyested a!d,fefg’svﬂgefiﬁlﬁ? theslihd 10,af ppeeirometgs modyle 1a%esing focusing
focusing mrror_ 140 of spectroneter 100) to a

suntylar dn9peepbodiment; the tasal yelugte of perapacbpaskaging @B is fqgs thas
accordance with the present invention. In one

abavb A Cabic inehes, angd gcompuibi-based contfoboodile25fes stwain in Fig. SA)
conponent 310 to substrate 300 with a precision of at
iseopgenally usedifor ppematingicompsnientsgmpavkagify 200B, ded)for esceiving data
angul ar orientation. Optical conponent 310 is

thetefioml | y machined froma material selected - from

al um num al um num al | oys, stainless steel, nickel,
coppeRefatinhaoyltd Figite SN kst hntheosmmspaandnt 3 &h infeptdd@iNcompact
affixed to a nmount 320, which has a flat bottom
patkighae2(BZ0fr hivding st@ironRer 20D hanel 820 Rer YR BhentRY sifm.

formed fromany of the follow ng materials:  al um num

Thibl BinBoditnaht! 83 Soe wibPioR hRafring § SbntindbitskPlovin BRESle 216. In this
beryllium titanium alum num conposite, graphite or

Shalthdr®, (EOSRGSHnk ARdulc24oE idﬂ&t@inﬂ?ﬁ%drs% %@f&gﬂﬁ@hatﬁé%m

~to nount 320 is explained in furt _ _
%‘?%E‘?E?“%%%@% Feus fap S th A1 CL ARG AAG el fodul
LRt o LIS 1 G 5y e SR TR o783 Gonhucusty
342 (] nbodi . .
RIS, 30Ponchs 810 Bl 2R SFGPIR Ll ity ppvingsampt
R0 BEK Bl #80uEBEIY. Wi Bpiod 0 aiks B mEatinSa Ty

placing them in the optical path using the embodiment shown. In one embodiment, the

 total volume of compact packaging 200C is lesé 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 therefroi.

| Referring now to Figure 5D, a still further embodiment of an integrated, compact
packaging 200D for housing spectrometer 100, as well as other comp_onénts 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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surface 320a of the nount. The first and second
cylindrical openings 350, 352 in the nount are

al i gned perpendi cular to plane 320b and have an i nner
di anmeter that matches at outer diameter of screws
340, 342. 15 Substrate 300 has a flat upper surface
300a that defines a further plane 300b. Substrate 300
rray be formed from any of the following materials:

%gg?% f%’#{q}(ﬁ]ﬂt]{&? Failfelgi% adfll[% 12) . St cel Celr(lte the total

a hite osites. A cyli ndrl cal
g %‘ﬁ EI%FE @ﬁ%n{%ﬁsethﬂb%b@fﬂ K ropbicduchgp gndya computer-
e subs e into substrate 300 at an angl e
é?é 16 £ (36 shnwedp big 5%16@9@@@11%@{%@@@9&
306 extend fromthe upper surface 300a of the
CuEopenis B nagkaging200Byand forreeciving data theggfonper pendi cul ar
to plane 300b. The nobunt 320 is positioned with
r es ptigureb a7 Hlubimate asystegofor Hignmgranti cawpdiog sh yptical component
aligning netal rod 330 with opening 302 in the
HPeer. gelématipemimry 136 (ritingtl B onfoowsingnirivr 1hofspeedmeter 100)
opening 304 in the substrate, and opening 352 in the
trasnbstraiet 3001 o thd ddse of spstroget80RI0), lin hiverdandstitiadhe present
Wil e the nmount 320 and substrate 300 are aligned, rod
igGation.sku cxserdbedinient, thetshgerts yligna dhd CalpleRpiéal SordfbRedt 3 10 to
the substrate until the bottom surface 320a of the

subdtiate JDOWiECA pretikion bPRSFasSIAS BRFond MFositiontah€ 0.075 degrees in
substrate. Following the inserting, friction between

dnp@ar & ibnB&En 20PLQPESth 315&%1%@20 i nitingy SHOFALA N b ﬁﬁteﬁhlt s%lected

rotation of nount 20 about an axis perpendi cu

ftdiealRnBReS aRABAum 3HOR, stéiﬁ‘lgss b eSS, ?EIV\&% Rﬁp'@ﬂlcal

302 in the substrate and ro 330 restricts lateral

8&5&931@1 ﬂgea%eﬁwamohﬁ} 3&6%&@ %% %p&g&t&ygﬁ%ac@%ﬁ)g that

After the inserting, SCrews are 1o

rdzg%“% 25!ﬁsﬁere %&plfﬁﬁgﬁﬁfg’gﬁ?ﬂ}fﬁgﬁél W%g%na “813300
%ﬁ%@%ﬁ%@g gtﬁmieﬁ@éf% ik s e G R
Rty & &ﬁéﬁ?ﬁ'@‘sgf%{m% o i 95 oo CorgRaal 4h o mount

3% Is explgmeg in Ae? Vleilrf tc(lm%gctlon wf81 Felgl?rg?gclhl %52% the

Referring again to Figures 6 aﬂd 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 opehings 350, 352 in the
mount are aligned perpendicular to piane 320b and have an inner diameter that matches ar

_ _oﬁtcr diameter of screws 340, 342,
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system al i gns and coupl es optical conponent 310 to
mount 320 with a precision of at leas 12.5 mcrons in
position and 0.075 degrees in angular orientation. As
nmenti oned above, optical conmponent 310 is initially
machi ned from al um num alum num al |l oys, stainless 16
steel, nickel, copper or beryllium The machi ni ng

i ncludes form ng cylindrical openings 312, 314, 316,

318 ipn.th er | wherejin cylindrical openings 312

314, %’%«% A I

%ﬁ; or addjtional openings could be used in .
Airainc Y0 BaY i fasmed frem any ok e dollowingyppicriels: dupinggplgpigum

.S positioned in cyllndrlcal opening 318 in the

Hlerh sdess pierle pickd oieppeteeryllivmctitaninm alpoiugr@mpgsitenggphite

away froma flat back surface 310a of the optica

@ gmpbite pampgsitesn A pgindripad operint 30 extentofromdhd upper svefate 300a o

surface 310a. Mount 320 has a flat front surface 3-20c

threhbelpade intgsubsde 3004 an38ge parpendintiendplahe 300bt Mbrehdeait

front surface 320c into the nount at an angle

qpenipgrifidc Blexténd fdoathefuppersurfae3ac ef (B2 0Mhstraé inteihs bubstrate a

two of the openings 322, 324, 326 in the nount

apregie padpbydipdsaso ptaaepba. el y t hrough a thickness of the

mount, and first and second screws (not shown) are

r espaat moahy328iis poxiiashed With Waped: td e s@dkirh8 300 BRkimultaneoust
openi ngs 322, 324, 326 in ?ﬁ% nmount. The flrgt and Y

af BEAF the Bl FEMVSS ORARERAING YO LIy tHb QIB.%&@:E dpBiihe 5% ﬁhﬁe%na.ﬂat with
i nner di aneter of openings 322, 324, 326 in th

304 MGhdRIBAEat3 204 Jg%nﬁ%%ﬁh'u?fiﬁ ottt JGFE &é&ﬁ&f

to the optéca conponent 31 Si mul t aneous

Oﬂ%%%%?ttﬁ@s penl ng%%g)%{ { e?%%%sﬁ{p?bp% Q&gg%&]a‘l‘od 330
AR b6 53 SEARSHEIN U Py AL
T3 5, RORSOEb o-SORREB S
T IR E R
e e p A0l b5 RB A 55 RIS RIS S

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 éubstrate 300 with:
‘precision of at least 12.5 microns in position and 0.075 degrees in angular odcnfation.
Figures 8-11 illustrate a system for aligning and coupling an optical comp_onént
310 to a mount 320, in accordance with the present invention. In one embodiment, the
system éligns and coupl_es optical component 310 to mount 320 with a precision of at leas
12.5 microns in position and 0.075 degfees in angular orientation. As mentioned above,
optical component 310 is initially machined from aimnim_nn, aluminum alloys, stainless
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Followi ng the inserting, friction between cylindrica
rod 370 and opening 318 in the nount inhibits
rotati on of the nount 320 about an axis perpendi cul ar
to surfaces 310a, 320c, and tightness between
cylindrical opening 318 in the nmount and cylindrica
rod 370 17 restricts lateral novenent of the nount 320
with respect to the optical conponent 310.
sTRE RREL Edpped HDeSARRSTHI LW AL Fornfh i i
t he threaé@d ope%?ngs 312,‘%14 reggég?lvé$§&$ﬁh§%§pmHM¥
P!41928 16 PR natefi - | 1313204t

% oo S SR L B2 i

optical ¢onponent feas

AEnRaTE AT ‘k@éﬁ%@hiﬂﬁ Pty %’dgféiﬂ%%%%b@ah%ﬂﬁ% i
QWi t. i . 362, 64,
B ey RRRT C e BeuaniS s Bosttonsd i

y be , |
R LRSSy L2y L HE E , com

unj nu 0 stainl ess steel, nickel, copper or
- Bk ity 2 Y e o oRtnmenset & ARl sopdisabg 4o f Hat back
-tEe %r ting elenent, a cylindrical opening 370 that
5 fromface 362 into the material at an angle
perpendi cul ar to face 362, and further cylindrical
operivioyat 8 day o flatfeang surfage 320cnd wpenings 822 138 dud2 6tthattextend
extend fromface 362 into the material at an angle
frowrthe Aeti feant surface 320cdnte tiBoRoUNbatad dogldpepehdiailimgn fienfront
- rod gnot shown) is inserted into the cylindrical
. sufen . Mdeasitedo of Retoperifge322; B2, B2fsiarthd mount phaferably pass
alignment rod extends away fromthe material at an
canytlelypkopgnalthickhess of thetoiemf, ané fidband sbeamdcometrs (it eha¥fd are
of grating elenent 360 may -be fabricated using an
regypotiyely dispésedin 940 qitiRCsindridal ghenidad 827, B24)SD6 af @6 ndunt. The
further optical grating el enment 410 that may be
figt irghecbridGe@ws BB YN ol Afinfelt® tt hBRARM 19063 HRMcAP 8bpenings
in Figures 8-11, and thereafter used as a conponent

33 330824 B entl00. I n order to formthe optical
grating elenent, a mass of material (e.g., alumnum

al U hénb @i 320 S REMLES SRl &%m% ﬂgitﬁrﬁ&?ﬁfal%&g%eng 810 by

beryllium is first machined to r ace

sithBRac@Bis P lgnBilohe MBtafilof 96 bxtefidlhd £l ifHptiORBinPSRnt Sin

- 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_nént 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-the
mount inhibits rotation of the mount 320 about an axis perpendicular to surfaces 3104,

320c, and tightness between cylindrical opening 318 in the mount and cylindrical rod 370
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(for receiving screws not shown) that extend fromface
420 into the material at an angle perpendicular to
face 420, and a further cylindrical opening 414 for
receiving a further screw that extends fromface 420
into the material at an angle perpendicular to the
face 18 420. Cylindrical alignnent rod 470 is inserted
into the cylindrical opening 411 such that, after the

f ' ' d £ h
i‘egﬁl@fsitl%t{:}g} m@vleh%ﬂpgﬂfm ﬁl%gnt4358 aﬁtg}:?sg?& ttogm? ﬁgﬂcgagg{])é}lgf%ﬁnt 3'01\0.

mat er at an angle perpén
30, of t | cal ti | t 410 i
PR B8 S oL & o s it Bl octiies sl g
ST tRY ol hiboncie, iy Cuplionsh S20 tronting component
tical gr.atin lenpnts. shawn i.n Figqures 12-13, the
c“é’ﬁb’a P’g‘ﬁ‘é“’%{ tg"easb 7 PHEPRSn B?Sl%‘?‘igﬂﬂgﬁWé dpmesidagueular

arallel and perpendicular with respect to the first
TEtOR nal |y, it will be appreciated by those skilled
in the art that changes could be nmade to the
embodiigieni%ilystsiesi ayagtabgating clfmend 360 wishperpendicular drpes BE2,
broad inventive concept thereof. It is understood,
- iHlethatrorsche meymted:thiasubsiaterand gsedi a5 agowpdrent efsgectrometar 100. In
particul ar enbodi nents disclosed, but is intended to
@érrde fommdhe grating dersenti360i amash of mpteridli(e.g aaimdromg@lwfinum
.the present invention as defined in the appended
atlopd, weinlesOstiifhatickiel, coper e berylinm] is fdstaeichindd fooform a face 362 of
al i gning and coupling an optical conponent to a
thegratingdlemenit tahcydinddidab 6pingy B 70fthad bxtbeB Ttoml BcH360 BEOMNS material
in position and 0.075 degrees in angular orientation,
at eiriglSpenikndicalkr Rfadd 3920 sndfirtBd ol Bitiric AIUFBARRINESOf foPRcdiving
materi al selected fromthe group consisting of at

sbR0/S (oot Bifoval) (Rl BRI M FAd6D HTD M nRYetial HlaRiaRbR Herpendicular
steel, nickel, copper and beryllium (b) affirxing the

tORick 361, A GPRABEN aliERMEnI TN Blot HRVANE ifkefil PlntdBL bPMdrical
surface that _

opening 370 such that, after 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
‘imount using the alignment system shown in Figures 8-11, and thereafter used as a
component of spectrometer 100. In order to form the optical grating element, a mass of
material (e.g. alun'lipum, 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 rccéiving 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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defines a first plane, wherein a cylindrical rod

extends away fromthe flat bottom surface of the

nount at an angl e perpendicular to the first plane,

and wherein at least first and second screws are

di sposed in first and second cylindrical openings that
extend through the bottom surface of the nount, the
first and second cylindrical openings in the nount

g0, r@}’iﬁidh% %ﬁgz&fe‘i:?%di?@ W iﬂﬁeé—{eﬁ rIrﬁatF gﬁgglrirf‘dgicﬁl oﬁf,lg ijl such that,

havi ng an i nner di aneter an o

R S R
' fi.r st i ndr.i cal ' .

BEPQIabl M\ faellef 2 ey bt 3G i s6fe Pafient Flogs

, t rat t . I pendi ¢yl to th nd
e By P P B0 o C S and Bt s U Rob et fr
B AR5 P eh s b eamnagimens af e eptica grating cloments
er pengdj cul a o, the second pl ane; (d) positioning the
%B’E’Yﬁt"? ePags ?%é érék? secgnd fage By Be P@e@n@g/atgnmglah@wgm parallel

aligning the netal rod with the first opening in the
angp: W&%@#ﬂ%@lrﬁmﬂw@mﬁm@m. n the mount with the
second t hreaded opening in the substrate, and the
secoriRaydhwilbd apprasiataddnthospiskiled iniee arhibaicbhbiyes adld be
opening in the substrate; (e) while the nount and the
Wafdede tgembadiments idgyreitied abvose mithog defeetingyfrdon dtei teadd inshtive
into the first cylindrical opening in the substrate
cgneept thedeef. Hbistodersioed, sieeefofe, hahimiveitionG® AbtARhiSdith the
upper surface of the substrate, wherein, follow ng

* pedicdlar erebodimers difoloset) i is iBRhIAAH cdRLmMBNILA L GAhid B8 spirit

and the first opening in the substrate inhibits

and s@ipt ofithe brebdi® invemtitil as WA iR PrepbsnabEsIRRRI Cul ar to
the first and second pl anes and tightness between the
‘first opening in the substrate and the cylindrical rod
restricts lateral novenment of the- nount with respect
to the substrate; and (f) after step (e), rotating the
first and second screws into the second and-third

t hreaded openi ngs respectively in the substrate,
whereby the nmount is coupled to the substrate with
sai.d preci sion. '
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20 2. The nethod of claim1, wherein the first and
second cylindrical openings in the nount include ends
having a first tapered shape, and the first and second
screws have heads with a second tapered shape that
mates with the first tapered shape, whereby the first
and second screws are aligned wwth the first and
second cylindrical openings in the nount. 3. The
net hod of. claiml1l, wherein step (b) further conprises
Whatia €aiMed ¥he cylindrical rod into a further
cylindrical opening in the mount. 4. The net hod of

cl g r t he sin an_outer
- G 2 Bediod PP AFbeLG1e oo, ¥ B SoBPREER: SRS win 2
pregisioe of di leastirs mﬁcnbrisemfpﬂsltlb& ramiﬂ)lﬂ?ﬁd:felgﬁﬁs io p@gilagotightation,
con’}p'?igm unt. 5. The nethod of claim 3 wherein the
I'nserting in step (e) conprises pressing the
cyl(Bhaweckiaing rasdoptivab comporfant $omey Inmateial calectygeflomgthe rgroup

con&@@ngséfth?tléﬁi @ne B3P Gundun? rail!irfqﬁn&?eallB{sess.FE{uﬂegs&réthisR%P?é copper

e), an outer dianeter cal
andhepdliUet t han an i nner di aneter of the first

cyI(b)ﬂm.ﬁ@lmeoaﬁmbnébnhﬁbntehﬁosél %hﬁ@ﬁé%nn&a At Haid?ﬁ@uﬁfé’ée that

ngl coup lg an op tical nponent to
de‘“w/?ft%ffét BP%dfvfsﬁf%m agyiingricplgag extendsaumram ha fﬂﬁi@@ﬁ@musyﬁace

of tlﬁlﬁoﬂntchlincﬁt@reeﬁé?péﬁﬁldﬂtﬁ% f&’ﬁe sl St tang theréi@%ﬂéa%! 8t and
onent . froma nateri

SEC@'&? %Cé?“é%afﬂ@ﬁ%\%%'"d{fﬂ@&d SEEN S Ytindrigalrenngs é’l?étex@ﬁé thgpugh
the abitomh BuMfgceadf Wi ma[IhtalHeOﬁtst. arfil fIcOhES m&ﬂic%@bperﬂhg?é(iﬁ'the mount

oeirf s pEPEncidlel 9 InaTlot iechnd 1S i deptordprdaniches
an cmlmm:am@enqﬁtndﬁsmﬁeqecmd scmmb sai d second and third

- TLORaR adB6RIROR L & R R SRt iR Seh Tt RE i plane,
whefgin §tfrﬁiyqyllmdilcalc(ajenmgemqtergis|fmm the Uppsachurfwd afpheé eathstrate into

the %Qﬁg?l%ﬂa-e f gtn\"%?l{ Brel@icadl W Hd S&onk opqar?e),(ta%rad&/hgr\é\a@ry at least

froma
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 perpendicular to the first and second planes and tightness 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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surface of the optical conponent at an angle

perpendi cular to the flat back surface; (c) providing

a mount having a flat front surface and at | east

first, second and third cylindrical openings that

extend fromthe flat front surface into the nount at

an angle perpendicular to the flat front surface,

wherein at least first and second of the plurality of

cyI ndr| al, gpeni ngs,in.t unt ass compl et e

thrtuegﬁ‘eﬁ‘ 2 B WPt e Skt Sehies G or e SpYgs in the
mosmanmbesmdavmvmgea ﬁesxaeenteu\mbye,chna pies i€t hid §dt@ndl isk@lvs have

e oL 8080 b PR LR RGNS ftLiebaredReer. wherhy the
fi rSh@'td:mnfaacrewa ere diigned tvath tbé fitshend se¢cohd apthdsies]l @pdnings in the
mof! 1 ndrical openings in the nount; (d) after step (b),

positioning the nount with respect to the opti cal
conponent by sinultaneously aligning the netal rod

3. eXtﬁ'@'n%lhctcf Q:m bR qpt\hlﬁefe? lnC&@E C"Bf%rtmﬂrt gorﬁaﬁsestgpeg'gng the

opening i n nount seco hr'eaded openi ng ‘I'n
CY"F‘FT@ab'iﬁ’g iintg @ f'é'@?ﬁﬁ@ﬂéﬁ'ﬂcwopﬁnm@ Indhé¢ moyet. opening in the
mount, and third threaded opening in the optica
conﬁgpent with the second opening in the nount; ée)

i e PRBoA0f fleim Fg Whareinopriar da thecsassin ep aare oulEr diamgter of
the pieRIBicAIGod Regreaiel iR Arcmher @8mbRE Bf thBSudtiYr'Slindrical opening in
the$ | ipdrical opening in the nount until the back

ce of the optical conponent contacts the front
surface of the nount, wherein, follow ng said

in tin fricti nbet t h i ndrical rod
5 ¢ netterinBBiog sb el R D rhPtng it PP 4 SeniiRfo Arsping the
cylindrizahmod rirtto dieofirst @uindridasopmingean tHecsubetratt Caridn ﬁruﬁrrto ifie prassing
in s%c(ﬁ}lglwcfu??“r%‘?’an%gr oftthegﬁ}sﬂtgﬁlﬁdrpce{ %gd%g Eerilgﬁr\ emjllnp% iameter

rircal openin

'Ofﬂl'fbfﬂ“stWb@dmﬁmwnlmtieﬂwlsubatvaﬁaent of the mount with

respect to the optical conponent; and (f) after step
(e), rotating the first and second screws into the
6. sedbmipthgrdior Hlioping tamdeenieling pe miptics corppaenti toed yndunt with a

p_reé:QSrtl 9Pkl B84t COSRRRER in YRARLA %Yldtd"tgsr@gpées i a‘ﬁat;lm $ﬁentatlon

he optical conponent wth Cl sion
CompEPiRgd of claim 6, wherein step (a) conprises

Maqh) RiaoBin@gfHMIbplital BEABERGt from a material selected from the group
consisting of at least one of aluminum, aluminum alloys, stainless 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 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;

(c} providing a mount 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, 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 second
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cylindrical opening in the material, the nount
includes a fourth cylindrical opening.that extends
fromthe flat front surface into the nount at an angle
perpendi cular to the flat front surface, wherein the
fourth cylindrical opening in the nmount passes
conpletely through a thickness of the nount, wherein
athird screwis disposed in the fourth cylindrica

.openi ng _in th unt e third screw having an outer
oyiHEALTREPINGR R TYRdPaathe gﬁtﬁﬂ%é?w&fiaﬁ?@eﬂ@r hayngraneoutes figmeter

thabydatcimtramaheroﬁmmtﬁgoﬂthle ﬁrfhﬁaﬂm%h nd @ﬁlﬁ@"ldaf dpd;r]llﬂ'gb |'h9t|he mount
ourt Crew the

© B s el 80 S b el i iR i e OPeal Sifbonent by

simpitnieodsip Blighiag thebmetdh eod iertepding Wrohﬂtrteh@tioaieasmmentnwﬁh the
: ter of the cyl,ndric

tied bR & She sEATHEREH orenfiH e PifodconSeh i

the gt ppehingcial the oeint, mod ithird theadediogenir®y in Theeoptiethath phent with

theggﬁhgbﬁlwﬁglca Bl rdfp (b) further conprises pressing

rod into the first cylindrical
opdsl m\@ﬂ@ rihe hesoreic Athdbe opptital atoresmponere ali@ed] (presking the

ylu‘iﬂi‘kblqu @t HeAthiRy @ylmWh@eﬂ %béhuﬁ’d i’n%e h\%uhﬂf‘ntlp{h‘é%ﬁﬂp Sy el(}e of the

(b), an outer dianeter ndri cal
' °pt'[j*?'e‘§’ﬂ'§%°”?ﬁtaﬁ°’§ﬁ°t$ rthe frogt &H’ﬁﬁlcér °fofhet ﬁ'@umts mderein, fOHOWII'lQ “said

insefbilg, Hdlio BbtweRRA &Y Bintifal R JRIGHE RRA %ir@% the mount inhibits
rotag g ent. 11. A nethod for form nﬂ'a monol i th net al

€ TOPWHEHROM 80 751 RSTRRGICHE i Hien Gont ook rtaces and
tlghmet;e Ibebech Othé Othin a;yrmmeéu éd’@nﬁxg?ﬁri{iﬁ NAcInt fh?M' A8 &lihdricst rod
nd a sec ace e C
restifS PuRR Ip AT Bf the Bt L RaPSR A ORI EoipTsaland
cortpriteesteprte), mmhtlrcgaihegbmﬁe;étor&ekcﬁ?m@dﬂé tHRdched and third
QCcus
thre%?cf@pe%%% rgéréergﬁ\ée?y in %P%tfcﬁ Oﬁlﬁ@h WHFl’ﬁgy ﬁée rugléra ig Soup!ed
to theorptical CDmpgnerdy\hmmdtdlpredlsmpem ng for receiving a
cylindrical alignment rod that extends away fromthe

- second face at an angle perpendicular to a plane
7. deflhneupthyd ehdaiseéoriréinstep (a) senwisds aydchiniigi xflrth threaded

cythﬂ@él' d]b@nlfnﬁ lin theé ﬁ'%'téﬁ'ap gh@mohﬁﬁhol&ﬁsezyvfgdﬁgtcgﬁﬁgn%&dépeﬂ%%hat
fromthe Second
extends from the flat front surface into the mount at an angle 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 () 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 machined optical component.
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to the plane defined by the second face, and a third
cylindrical opening for receiving a second screw that
extends away fromthe second face at an angle

per pendi cul ar to the plane defined by the second
face, and wherein the material is selected fromthe
group consisting of at |east one of alum num

al um num al | oys, stainless steel, nickel, copper and

*(JZ;TW d u{ﬁog 1‘% ﬂglrnﬁg, ﬂmggq?%%g@gl alﬂaﬁ é%@ﬁl\gg eIEI Sét?nﬁ Z@etaa outer
diantegemofotbe heytiddrichl rosltis aynebtarcthan dinfiasasdiahetehef enfbt dyiihdrical

onent 3. The nmethod of claim11l
Ope éﬂhth%Léaﬁgg ﬁ%ﬁﬁﬂ“W”EP rther used to forma fourth

cylindrical opening for recei VI ng a third screw t hat

ext V. an, an
11. pe ﬁ%@%@ﬁogﬁﬁr&fﬁ{nﬂ@a rﬂanﬁ@ﬁ]cg ) tafl %ﬁ Ble"ieﬂte cge r&g frra\l%cglnmg
a masp, of matenial dalforora rﬁ@moirthwccanpcwpht kmdmggar trsi fage elhcbaem;qnd face

opp@é?t@nﬁé filsh %cerr% em t'ﬂg fitst %Sofqr'le %%ﬁﬁth:@lcohgoil&{( %ﬁ{mses an

first face of tical
- optiga) | GoRtpePen S%Jg@ﬁ@ rfgmt Hbg Qéwpeﬁq@8|$tm9n¢ft Adogusing nfisereand a

colhllnaﬁrfg H‘i?or”%@n’e‘irﬁlhe%a%u?d" &l fedRE rf&ﬁpg'fﬁéflcgfnotnealtc;b%nmg for

irst face, a_second lindrical openin recervin

fécea’"fa 3 eylindgsal glignnent fféix é‘rﬁi%eﬁdﬁ@fﬁaﬂﬁf@""f 'ih? secqnddace sitap angle

perﬂeh&cﬂﬁi & a@ilan%t defined By the BEEIPANTEES H Sdcoh@ cﬁ(ﬁfﬁinf:éiroﬂenmg for
rd cgglndr ca for receiving

_ I in
recelich el B ! itelds BWBET U1 erand face & of S pRPNacular
to tftehﬂammde‘mealbyahe aﬁcca'migl’aee pﬁﬂpaemﬂﬂt‘dyhr&fncﬁl(bﬂehﬁtgffbrf @belvmg a

i nser C ndric al i, gnnen
sooqiitid it BSRht PRl s v i Sl fependffar to he
plang n:bﬁmd by thet $sxony Faged and ahein ﬂjﬂnﬁﬁérlaidﬁsaaﬁe@ ﬂ%nﬂha)group
: ' uIar t.0
consififlch AE1HR1 Bho Bt ol R e SR Tt G biE cover
and gemtliumg el ement usi ng an epoxy repllcatlon process,
wherein the second face is formed froma resin |ayer
bonded to the nachined nmaterial, and the second face
12. cohpe imatrodel dam thiwhgren sieg; (algrinprises using single-point diamond

turning to form both the first and second faces of the monolithic metal opfical
component.

- 13.  The method of claim 11 wherein the machining is further used to form a fourth
- cylindrical opening for receiving a third screw that extends away from the second face at
an angle perpendicular to the plane defined by the second face.

"14. A method for forming an optical grating element, comprising:

machining a mass of material to form a first face of the opiical grating element, a
first cylindrical opening that extends from the first 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 a 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;
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wherein the material is selected fromthe group
consisting of at |east one of alum num alum num

al | oys, stainless steel, nickel, copper and beryllium
15. The nethod of claim 14, wherein said machining
conprises using single- point dianond turning to form
the second face of the optical grating elenent. 16.
The nmet hod of claim 14 mherein the inserting step

h [indrjcal alignnen
t oMeainS A Riaridpd o of¥ MaviriReafas gy Rberein
afteyfthe limdenting5 thenhydingriaal pignarent eod éﬂﬁmsleaﬂaw@mﬁttﬁ@ ana@éhal— at an
0 e cylindrical alignment rod is
an%é'é&{peﬁbn?{ﬂ?ﬂgrthe ttrﬁtnfé‘? di )a/met er of the first
cyl fahdedtiogl a syvend rfgee 8. th&heptivat hypatingf eieh@hrnu]sﬁhg an epoxy
enmen
repfRHR g%ég%%lvgﬁlﬁrréiﬁ tl§ Ré ge}é:?:gsn g)?rﬁ'lgg zrlorg% mnlg bgﬁ& ¥ to the
ma@?'a@dp mgtesipe patthe s_efgondrfhee n@nprises eh optical gnalﬂg anﬂer ein
t hewﬁér%fnt theahsteRhl e &fd frGh HE %tr&g;g gof .$ Eeast one of -
ace t £7Ca

- parallel to the secon of rati
aluginus Fuminigm 2fieys, slainiess sigel, 1ch¢ln¢omerw@eéymum he f| r st
face of the optical grating element is oriented at an

e between zero and ninety rees with respect to
15.¢ ho e FiHpar ol iy 14 Mhereip s7id ava%mq SRIMREISEREANY single- point

. diamond turning to form the second face of the optical grating element.

16. The method of claim 14 wherein the inserting step further comprises pressing the
cylindrical alignment rod into the first cylindrical opening.

17. The method of claim 15, wherein prior to the pressing step, an outer diameter of
the cylindrical alignment rod is greater than an inner diameter of the first cylindrical

openhing.

18. The method of claim 14, wherein the first face of the optical grating element is
perpendicular to the second face of the optical grating element.

19.  The method of claim 14, wherein the first face of the optical grating element is
parallel to the second face of the optical grating element.

20.  The method of claim 14, wherein the first face of the optical grating element is

~ oriented at an angle between zero and ninety degrees with respect to the second face of

the optical grating element.
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