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COVPACT | NFRARED SPECTROMETER, AND METHODS AND SYSTEMS

FOR MANUFACTURE AND ASSEMBLY OF COVPONENTS USED I N
w®2Me/0Fized d of the Invention The present rel at B6T/82005/020305

infrared spectroneters, and also to systens and

met hods for manufacturing and assenbling optica

Lv;;uig ,It-'%illli‘ﬂ 5;’ =_. 4;"&1» %'tz'n 's,‘,_ai:."f___-_p. S%SEFOR

di scovered optical radiation beyond the red portion of

the visible spectrum pydi ehihedgvdagien di scovered by
| saac Newton. Since the 19th century, the interaction

bet ‘Y@ggrésgﬁtrr rafeg t({)ﬂl‘ﬁia d QB fetlis! LRI £84 tg??%ﬁ&gg{iﬁ&ethods for

had n studied by schotars in the fiel
hysjcs and chem.stry. Lt has sjnc een found. tha
e b g anaerng oliseb Puma I S B ip G e BiEcys Bt pay be
infrared spectrum and these absorption features can be
usqgsiadnfryred spesEPmSieEs-i denti fy chemi cal species. The
first mass-produced infrared spectroneter was not
built until World War || Bagkgiounde US Office of Rubber
Reserve identified the use of infrared spectroscopy as

an ehfrged ispé_‘@trﬂﬁﬁgg hidits oRGaWHeAGVilhiem Cleigehsl discvsredioptical
the synthetic rubber conpounds, and denmanded the

radBeR lfé?gﬁﬁ([‘ﬁhe okd fi(%if)ﬁ‘ behe SREGIE SPEBRET, VAP ‘tﬁsel]? fiscovered by

oper at rom1l mm and beyond. Since 1950, infrared

S tromet.ers. haye i ned wid c anc .
1sa3E B S ae Sg e fig Rl BRLat dted At
_generation of these spectropeters utjlized the optical
dn%qr%é%ﬁt@we%had bacp ahlied bygichelatin (e ielgoldhith physics and
materials such as sodiumchloride (NaC ). Later these
chényigtrys Hdyes sinco beamdfosnd that diffigrsint inaterials 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
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 wm 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 prisms were replaced by diffractive gratings made with glass substrates. In
general, these early infrared spectrometers weighed over 200 pounds, and were packaged

in a space larger than 7 to 8 cubic feet in volume.
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rock salt prisns were replaced by diffractive gratings
made with glass substrates. In general, these early
WO pdocaoBa4 spect ronmet ers wei ghed over 200 poundBCT/ERZNNS/020305
were packaged in a space |larger than 7 to 8 cubic feet
in volune.ln addition to the di spersion-based infrared
spectr ters, iinh late 196Q0s. w.th the '
" he b e e Eperm e o geenanieRat IR, bl te
of infrared spectroneter based on_the principle of
adwspesaents ey spmpieryand date FIves dgaces: pew fyperqfdnfrared
conputation involved in converting the interferonetric
spaverasictes beseti ontthe prindiplalof sptécad inderfayompiey maastisyalopedy Due to the
cal cul ation of Fourier Transformation, these infrared
cothpSihfioBRbediPccvefinsnBdMtdrferémetric Migagureshents to optical spectra
spectroscopy art as FTIR Despite the fact that these

by e rgatp%ﬁttié'a? PRESL S0 MRt P Y A8 riah S, YhdsERIFRY&Hinstruments are

sensitrvity and spectral resolution conpared to the

di spersi ve.infrared spectr , i '
o1 pfiv R p Bkl PR P EREk 8 T EG IR DSl Bl RpiRte KPR
envi ronnmental contro] he observed. duri t hei r .
spespergarphave TRy dedhig ATWE R éel?SﬂﬂVéerfaélﬂgH%‘iqﬁﬂ;‘ gesolution compared
measurenents require the overlapping of two optical
to the alispensivetinfrate petittomsinrs thyf intraferoraetyia patuenef these inglruments
a precision in the mcronmeter range. |In other words,

recuit¥és fHabultignagh@ivireamental tuntiobbp ebsitwedetuong dreir epesation. This is
amount of vibration would result in failure to obtain

bet S SnRREOetrid fliBupdisdhiPie glrifd ﬁeﬁﬁ@ﬂ%ﬂpﬁ@&ﬁﬁvo dpfiRaltizams

| Ie [ Ecor plor at i op of the optical interferonmeter and

.all ot rel a ; : '

wifl) e fiihfee B GV PRAEING £RYEEN (S URGhIoR R rafifle. In other
occupies a volunme, of 3 to 10 cubic feet. F .

Wi 8RY) TR ERanEsS in o emerdj s, Ay Pres ipopglqf Fibrifion would
abilities to detect the infrared spectral signatures

resuft ic fihvire tol abtain us¢ablespestsriomsusihan REIRasnasapmetes Pye to the

hi ghly val uabl e. These types of chem cal information
in®tpRaiaBef the opticatlinterfaemetermmkalt the rejatt if¢edback and control

electronics, an FTIR usually weighs from 150 to 400 pounds and occupies a volume of 3
to 10 cubic feet.

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

as an off-line or laboratory validation tool.
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of a production process, or to evaluate the danger to
approach or enter an area. However, due to the

wo Rovstet3sons i n size, weight and ruggedness, iPET/EFEA5/020305
spectroneters have not been wi dely used as a
first-line detection or nonitoring tools for these

applications, but Jher .as an off -
Vol aalvyae e pavicd inaprareaeHengd abPE A RERE Bt v
menti oned above, it woul d be desirable to develo
deesdorsd sangisive] ligitwaight geged %@g@@%ﬁﬂ@éﬁ?ﬂéﬁ“ﬁ“%@tg rcapable of
spectroneter capable of detecting and/or identifying
dewditifeeardrdr iddeifying diffpentichemicabigeciensnder dosile yérwise conditions.
conditions. To achieve these goals, a conpact optica

To3RERYE HEEL Sdald] %%bﬂﬁbad:t% B@ﬁ@ﬁ@stioﬁle@@\d%mgﬁ ismadded an@eend wide
the infrared wavel engt especially one that falls

i nt I
eSS o?tﬁe“ﬁﬁf%%d‘if‘”ef% %%f?esﬁ%%aéﬂf. (%#e?%?5%‘%%&’&?%?‘.’%ﬁ“éﬂ"‘“ﬁa"e‘i
eatures in the fin L1 i d
fingeRiinG 1 HE] 8 b S oy et ha o RE GLRLER iy e
identify different substances. Wile it could be
fingenpainttegfonrwidirmovide theenodh dispinétingi obemicabeviferrehatcan ke used to
to build smaller spectroneters that cover a w de range

idepkify Bigfetenk bdseticepect rum the |ow resistance to
enV|ronnentaI changes may not neet the ruggedness

r eq4yh % Bba bR’ I‘]:ll ﬁ{fgmaachﬁ’{d &%tthé)ﬁ%c:lﬁeﬁﬁélﬁﬁd an FTIR to build

consi eratlon re to the econom cs of the

runent e
snaaﬂ?rrsrs%tamgﬁs@ttﬁ%&g?%faiw aff@%%?ﬁ*eeyﬂr%ﬂb%?'? g resistance
pt.i cal onents found a
to w]‘éfqm@rentatlnﬁ ges ey ngt MRe tf“’nl‘%g @ﬁ%@g}’\?@?ﬂ% [ﬁ-?i%t
or the mrrors within an FTIR these gl ass-based
appliegpionent s are often glued or clanped to nounts before

they can be secured and then aligned. The accuracy of

t he Aldthdr@opdidaaise reldie] toabsedonemsdsraf tienigetrohenthiethgleage of

or epoxy and the chipping of the gl ass
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 or
clamped to mounts before they can be secured and then aligned. The accuracy of the
gluing process, the possible shrinkage of the glue or epoxy and the chipping of the glass
edges, all place uncertainties on the precision of the final alignment. Asa result, these
instruments need frequent maintenance or alignment after leaving the assembly line. Even
during the assembly process, highly skilled opticians are required for proper alignment of
all of these optical components, making the production more costly. The present

invention provides a solution to these and other shortcomings found in the prior art.

Summary of the Invention

3
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edges, all place uncertainties on the precision of the
final alignnent. As a result, these instrunents need

wo c@goerst4 mai nt enance or alignnment after | eavi PQI/UR®05/020305
assenbly line. Even during the assenbly process,
hi ghly skilled opticians are required for proper

al i g Qfé(}}%lregént #Hven@in, l@g}s%%ihﬁ%]ed% RO Bas BB d¥igned to

t he producti on nore cos e present I nvention

ovides a .so] ution to these d ot her, shari comn .
s B B e Pt Qe Pt ol B BT s gptica
present invention, a dispersive infrared spectroneter
PahissviHER thegpsetipraeier ad aretuilhmeinirdring Wiq ¢fvergence and convergence
t wo- di mensi onal infrared detectors. By tightl{ packi ng
ofttheopijzal minsptiieipsesant inventioh eckipesstaoopectoessaritile at the same time
carefully mai ntai ning the divergence and conver gence
préduce & fapkéCialfrat@aBctrdgdipbnesnt-dintevisiohalateatrivehiescovers 4.5
conpactness while at the sane tine produces a focused

oririft AEnS BEGL RGN hedituf, L vO- di mensi onal det ector
1 C

covers 4.5 or re mcrons of the infrared
Spectd Bber el B yseRRE B 1S Sl OHERG B gftical BSmponents and

mounting fixtures are fabricated fro tals rather .

t harfhejf aé%l}lt%ﬂmge&aﬁ%fﬂzgga}?g‘ ttrﬁﬁl lgﬁtég{f? Fethan gla??ﬁ Rpajing the
resi stant to shocks and vibrations. Al so, being

di spesdiivgspeatrimeter highlyi msistafitgp sheaks jaad vibraticnswddse, hging
principle, the spectroneter is significantly |ess

vul nigpbdiee tathek flemeanmet foontoemd al itsobakieprinciplgthiespetwometer is
i nprove the ease of assenbly and nai nt enance on such

an id iﬁéﬁﬂg%@%l&%ﬂ@foﬁh@emﬁﬁﬁi tiefsegrount i ng
sche I's déesigned for optical conmponents and

conponent nodules in this spectroneter. This

omponel | ._
ZLﬁgLOéée%E%‘ifﬂﬁfﬁgﬁfff%?%ﬁ%ﬁ%&@f PR P ook o SRt red
wel di n

LR « BB AP e S S RE e fogs e
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 rugged design and the permanent alignment, the
spectrometer requires minimal maintenance once it is deployed, making it a more
effective tool for field applications found in factories, public areas and battle fields.

In one embodiment, the present invention is directed to a compact spectrometer operable

in a wavelength range of 4.5 or more microns (preferably 7.5 to 13.5 microns or 4.5 or

more microns within the 7.5 to 13.5 micron range). The spectrometer includes an
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testing for quality control purposes during the
assenbl ing process and is therefore nore
weombAeffiecti ve. Finally, due to the rugged deBCTDNSENE 020305
t he permanent alignnent, the spectroneter requires
m ni mal mai ntenance once it is deployed, naking it a
nore effective toal for field | ications
entfek s & SOLABE EVEPE AL AT PREAEPRENd ¢ it fafe plane. At
enbodi nent, the present invention is dlrected tQ .a
leastopraadisierpassing thrughpbe skt llpys an aatiell eAYIA Wiy lest some
4.5 or nore mcrons (preferably 7.5 to 13.5 m crons or
radatfon@assiig Siralgbribeslitis tefiectet by the ®llimatig Bimeromemthe grating,
range). The spectroneter includes anentrance slit, a
wh?c‘?ll ih iRt MG tdAtERE sonde AidRtibAGntodhé Qseusing gnifror, rtictainctue
first focal plane. At |east sone radiation passing

reffelg{soagg Bodulds actééats {hd QUBAR apzpﬁlfs? ?Aca He étﬂi b et do-

SOﬁE ra IOﬂ passing t roug he slit is

ref| ected he co t|n nt [
iyl sravnceperorepy ey s Realelas Bt Bl f nother
the focusing mrror, which in turn refl ects and
fodabplase) Each Celasm is dhastwoadimensional afray of (ptegtorssogiespangs to 2
and onto the twodi nensional array of detectors (which
poftidy, dfetht dcSadranoratmitiva riiges theftooadimphsional errapinsiuses a plurality of
focal plane.) Each colum in the two-dimensional array

coRinrd ek L ¢b Ve SiveRdoassnd 3o vavélenalid spanniaf theveS 4r mooe micron
nDre m cron range, the two-di mensional array includes

Icftl %g] a8dnt ﬁﬁ!r Hmﬁﬁ]ﬂﬂn the lt\]V@ SlirthMRlohaPAt4eSMRIA# tdrd may

eng Spahni ng t more mcron range, and

CO%?%%gy 24%52%@5%'4& e 'P@dﬁ@ﬁi twa‘f‘@%?ﬁtﬁ%?ﬁs i

differ by gual apount. The entra it he -

coﬂmatﬁnmmﬁg th@‘ grraaﬁg, the Eocysing ppgor %ﬂﬁ‘éﬂ? g&% “ﬁbp\tﬁrF? prspositioned
and the first focal plane are positioned within a

withit aweluteathatiis equpliaf less thard 82 cihininpbes iasiec andupngtesably satisfy
size, and preferably satisfy some or all of the

sofn@lok @ioh thedBE b WM grd%@igh reieientsl. Spacing anong t he
conmponents should be tightly arranged, yet cross-talk,

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) is situated at a

second focal plane (different from the first focal plane), the arrangement of the

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

waor@alers4ar r angenment of the conponents shoul d PECDUSIIES/020305
the desired wavel ength coverage (on the detector
array) wthout excessive aberration, such as spherica

aberra , conmm,, mor chro | rrat
(oM Guke GREBLET DG %Eeifémsaa hPRLS AR BREPR b

passi ng through the sllt . I'n _enmbodi nent s Wh re t he
dimpwsievalgrrazof dgtegtors (phmfrareé’opae&ﬁ@raéjheu S§Cf§1dtf8‘a% % a

second focal plane (different fromthe first foca

pl aneYhe fdvasat spactgempreferablytutidizesthp entinetveidir afithe tin-y

allows the infrared spectrum focused at the first
dinfePsBhalRlefdlfr SRS UERBI0AR Hhat e Bpectanieeslution Isymaxithized; and

eff|C|entIy rel ayed and refocused onto the

Sh RO H@f tRE cﬁ}ﬂ ﬁgstg&hﬁﬁ bRER ¢ ?f%[dlhféﬁgléﬁaﬁ‘élefé@f@ ey is

f € ZFC foca The cused spectrum
pre? B gﬁélw'u{@éﬁ%e% rip e &b P bR Eplqvepagg of pxels on
ect ral resolution is naxim zed The, hei ght. of,,,
thet éecm@crgeﬁc%@émndmf@ & WQ%VB&%%Q’SQ%H%H talen, 9F t ypned”; to
array is preferably maximzed with mniml or no
enldinsé thetsignal-tenditaperformendel cal aver age of pi xels on the
detector array (corresponding to the sanme wavel engt h)

may IPgechalffs with a"fhithsagbect, tife wefumn tsehtien is directed to a method
si gnal -t o-noi se performance. In accordance with a

forfaﬂtrghﬁg "3 g?&gﬁﬁlgna{nnrbg)ti%lgﬁﬁ@unhﬁ Y@Qgﬁﬂeﬁateswﬂl 5 BfdcRebrt 6 a8 least

pling an optical Conponent
reci sj

5B REARES H0 B  Baf R st componen
RGeS e

stainl ess steel, nickel, copper or beryllium The
niokpl, bogler onbarwhient The eptichbastposent inpilived fuy moynihaving a flat
bottom surface that defines a first plane. A
boBdthisiehdectaht defidleex fisnpBnavaycytindmoal hed dxdtatds 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 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.

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

6
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bottom surface of the nmount at an angl e perpendicul ar
to the first plane, and at |east first and second

W@ eooeme73ad e di sposed in first and second cyl i neeT/T82005/020305
openi ngs that extend through the bottom surface of the
mount. The first and second cylindrical openings in

R o
onEuERebshodh SR, L SEeI s e BB kG

second plane, wherein a first cylindrical openin
threaded ngenifg onthe lsebsinpise rWhile theceotist andhthesubsitareare alqlal@f‘ét the
the substrate at an angl e perpendicular to the second
cylpldaieel rodnslinsbresdeinto the fitst aglindsieabopeniugdn the sublstrate eatdgbie bottom
openi ngs extend fromthe upper surface of the

surfAtR S BoldticBniabe tl%kflﬁkf flrfacabf Bk sabdiate. Hﬂﬂmﬁﬂ%ﬂiﬂiﬁeﬂing,

to the second plane. The nmount is positioned wt

.respect t he. suhst r ' | i Oni .
S S R B ST BRSPS oSO oin
the first openi t he

ng in the t W th econd .
of theracté 8 éﬂiaﬁ’é%eﬁ?efl ulgf e % 0 iefop] Blagg. g tightness
opening in the mount with the third threaded o nin?
befween e Rigbeneningdn thsubatrate andrigreylindriral rad f§%§{; ﬁ%FF
are aligned, the cylindrical rod is inserted into the
mdviefneht efithé nduhioeith cqsperit tgthie subdirates ubBenthe msenting) the fiest and
bottom surface of the nount contacts the upper surface

se%ﬁldfs&%w% WRSotAL Lintd @k k8WnA4nd Berd theatéd sgenifgsiredpectively in the
etween the cylindrical rod and the first opening in

sul%s)ttzr?i & %%%Ee%ﬁ%l?ec%lpg%t *?% %(ﬁllpgeéﬁtt?.ttﬁé)ﬁb%eﬁ Beth R BreAROH (1. &Mkt least

perpe irst and second pl anes, and

ti ght ness bet.ween f,irst .openi.ng in, the.substrate
12 2FHICERS 1R PPFHER P%daé'af%ﬁegrr%?tl? 5%% arf;’og{eg}agllog. venent of

the mount with respect to the substrate. Atteréihe

i nsdr acqegdance witha il fyrberaEpeshdhe Preasnt myeatioy tsitsgted to a

into the second and third threaded openings o
metiespioe bligehy andcdupéing abepticl eompprsnbisya mawvntwighe pregision of at

coupled to the substrate with said precision (i.e., at
ledsEBBS nkieroRs fH $dsRIbR and OLUFSi dekfeds Bvhgllad dhentegore eAn ioptical

angul ar orientation.)
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 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. A
mount is provided having a flat front surface and at least first, second and third cylindrical

openings that extend from the flat front surface into the mount at an angle perpendicular to

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

7
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In accordance with a still further aspect, the present

invention is directed to a nethod for aligning and
w@omplonTsgs an optical conmponent to a nount w t hP@I/US2005/020305

preci sion of at |least 12.5 microns in position and

0. 075 degrees in angular orientation. An optica

cO nent is chi ned from al um ]
eGPl 5 R R D ALP B MiogPl R BAPARLRYR v
machi ning includes formng at |east .first, second an
areRsIeqtive)y Hisapsedar ﬂ@ﬁi’ﬁ‘i mgseeqndrqylindrigal PP%“}gSvmgl?ee‘inﬂ“%- The
the second and third cylindrical openings in the
firstané s¢cahd acrews haesateeiiterAliayetenidies matchesyn ingerghiameteefdhe first
in the first cylindrical opening in the machined
an@ cofid byleiaenspehingpitethe infounh eNext] theadnoumais positioaxd entigespect
away froma flat back surface of the optical conponent

to ﬁnltg uo%tﬂcﬂ RBhBoR&: BS REAh8sustPalidhthd thaimdpacsd SxEAdRE oM the

I's provided having aflat front surface and at
. t fi . £ hi- ' i cal ' .
oo Ebubgl SR abEl R bn BRI Spripe i

opfugel FEmBERGHE PAE. (i S BEuie b REvgh AP el brsdtd Gefing in e
cylindrical openings inthe nount pass conpletely

optital cahorent widkhesssond openéngnsithe mogad Whils theqnernd gadthe
screws are respectively disposed in the first and

opEes @bghpoidnt ath dligatd, dipesylingsicdl mod tsepressedhinto Hieehird pglindrical
and second screws have an outer dianeter that matches

op@ﬁln% MEE nfthAPBh @I hObadidifrthid stithapsticabeangoreyt tomotctht front

openhings In the nount. Next, the nmount is positioned

sur\g?%%uh(ff{tﬁes B%ﬁﬁtr ;}F%g%)?/gnr%otﬁg Ex{sﬁlléin%gﬂﬁﬁgﬁ BEtwd¥n the cylindrical rod and the

aneous tal rod extendirng from

the optic conpanent wi th t third ening.in 3

thifg, PpRPING rahe BOURG Rt 5%%0%033%? Wguﬁlﬁ?%gﬁga“o%ﬁ RegpOficular o
conponent with the first opening_in the mount, and .

the fipmtding heeasisficepand tightness beweepihiedhird edmosisalpefingin the
the second opening in the nount. Wile the nount and

mdune andthie cglindrivab omienestriets datedal goweinertiof thympurd iyithatespestito the
is pressed into the third cylindrical opening in the

optiB4l '&Brdtfbﬁﬁéﬂt. trhgrehmsikihe Wirftage sefontl Reretp arcmtatedinpothe 8tcond and

C .

contacts the front
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 position
and 0.075 degrees in angular orientation.)

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

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

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

8
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surface of the nount. Follow ng the inserting,

friction between the cylindrical rod and the third
wWe@p@aionT344 n the nount inhibits rotation of theP@DURL005/020305

about an axis perpendicular to the front and back

surfaces and tightness between the third cylindrica

openi.ng in the nt._apd the cyl,indri r ricts
B R (P e SR e
opti cal conponent. Thereafter, the first and. second
perpendiaadar 4 @ Praoe delirrd bt e s¢rond dassnyy seqABd P}‘H‘}‘glcﬁﬁ?@ﬁﬁ‘@o&’r
openi ngs respectively in the optical conponent, .
recinmpalfirst oeewrthahextemdsaoay|fean the seeanddped atan aaslepsmengdicular to
with said precision (i.e., at least 12.5 mcrons in
the PPk {de R PREhE s€bbad da@ &&ba thivdayttddval opéremg fotr reneiing &
accordance with a still further aspect, the present

sechit ?cl%ka @bt ice?teg(ilﬁr th theseBBid A6 410 dn@ldPeiendicular to the
nonol rthic neta

optical elenent. A nass of materi al
L 0., .al ym | um | i
pla e B Sl B 1748, A g8 o Bl clement
o eSO 55 i S SR ARt

nonol i thi c conponent conprises a focusing mrrgor or a
col Tri avebidagcenwith pet.a fiktberaspent thagresent irveation i drasied to 2
first cylindrical opening for receiving acylindrical

meflod FoMRhineQm dpies] @xigdlenaman fasmfnrersdogd afuageum,
at an angl e perpendicular to a plane defined by the

alutiifndh %léfs‘,: StainfesS SEONHicky! j:diftﬂ)éf &berPAGM) RomhcHined to form a first
recelvinmg a first sérew that extends away fromthe
secgnd f.ace at anp_ angl i . RetcRl@f8m the first
fac3af Picw gy i uBRE £oRECARME ik tad eRieRIF NG the
openi ng for, receiving a second screw t.hat exte .
face igmthemaisdal i an pagle %afpe ﬁi‘c‘g‘ﬁ{gﬁoetﬁ% ngﬁgar?Si %E‘T"SPE?@“@{e%XI
pl ane defined by the second face. AIternatLveIK, t he,
opeEnpfid récoangd first ecreptthaaktcae fram: thedist frce into the material at an
perpendicular to the first face, or any angle between
an%l@ baipesdicaationhs fiesn ttice dndra third cplindyicdboneaing fohregeiving a second
urther aspect, the present invention is directed to a
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 alignment rod extends away from the material
at an angle perpendicular to the first face. A second face of the optical grating element is
fabricated using an epoxy replication process, wherein the second face is perpendicular to
the first face, the second face is formed from a resin layer bonded to the machined
material, and the second face comprises an optical grating. Alternatively, the second face
of the optical grating element may be parallel to the first face, or any angle between

parallel and perpendicular.



method for form ng an optical grating elenment. A mass
of material (e.g., alumnum alum num all oys,
wat@bbB3s steel, nickel, copper or berylliunPCBHUS2005/020305
machined to forma first face of the optical grating
el enent, a first cylindrical opening that extends from

the first face i nEo. {“ﬁe rra;[.eri glh ?r an, angl e

per pendi cul ar to PR Hie hd cylindrical

opening for receiving a first screw that extends from

t he Figwa{ 1§ acisomeffis Vigve ohait i@fterad sRecteamelFgn gccordance with the

perpendicular to the first face, and a third
presyitiimamtion] openi ng for receiving a second screw that

extends fromthe first face into the material at an

anglFgper penflirtiot viewtdd thdmfibtddsbedtimgeterAhowhiindigueal .

alignnment rod is inserted into the first cylindrical

Ope i e 3 Wﬂﬁ%ﬁm Solwiig fh@%P{iE‘ﬁ @hih ST9nfrArB réditiondh e
al i gnment rod eéxtends away Tromthe material at an

angl e per pendicul ar .t f kst f - face
o R SROFLI Fb 26 178 b Sl RS BRERRE, e
epoxy replication process, wherein the second face_.is . .
per paEe éﬁllﬁ‘t‘S“iaEPStthferef%t‘rogfhll\?!\gﬁ‘@{ee? Fhe 10WE 8R 031& s g pixels in
formed froma resin | ayer bonded to the machi ned ‘
therplerear idefestonsant] 2 wevelengih doveaegs af Sripicranssingecergeneeayith the
grating. Alternatively, the second face of the optical
pre@e@tinvigtiohement may be parallel to the first face, or
any angl e between parallel and perpendicul ar.Bri ef

Des gid pt 1871 @kratdd ehd YeRioReSp GétGieR the rb®s aRd tSIGHRE bf fixels in
view of an infrared spectronmeter in accordance with

t r ' ' Fij i '
o R RO USRS O 4 bl ol gl e
is a diagram showi ng the optical path of infrared
prqsglgilg‘(qnggn-i n the spectroneter shown in Figures 1-2,
and sanpl i nﬂ and condensing optics. Figure 4A
i |1 FiguraipAdllustatasanantegiated; porprachpickagng fordipaising@ spectrometer,
columms of pixels in
optics, a detector and electronics, in accordance one embodiment of the present invention.

Figure 5B illustrates an integrated, compact packaging for housing a spectrometer,
optics, 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 embodiment of the present.
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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the planar detector and a wavel ength coverage of 6

m crons, in accordance with the present invention.
wo-2@ane734B il | ustrates the rel ati onshi p bet weePCT/082005/020305

rows and columms of pixels in the planar detector and

a wavel ength coverage of 4.5 mcrons, in accordance

Wi t he )| - - Ej- i a

't S 57 Rt (R AT iR Shpling 48 obtaoPonent t

ectronete optics, a detector and electronics, in

Suésg@ﬁ?r Hh’i‘?@gr%ﬂ‘ée &Hjﬁmgﬁ’l H’fﬁsﬁfl?weqthoél' present invention.

Figure 5B illustrates an jntegrated, conpact gac aging

f or Hignes 9rg | allusiratera wysispetor 2lgning and gpuplipg ap gpticy) gomponent to

el ectronics, in accordance a further enbodi nent of the
a pows.gntaccordare vath thEprpserd iBEntiph.ust r at es an

i ntegrated, conpact packaging for housing a

Spedigaue D ellustraRh heSctalarat@icaddoent avith irpaidicnir daces) that may be

accordance a still further enbodi ment of the present
méd?x‘{e%m)'a%ﬂbs{dt@éﬂcﬁus?@aé hl:b‘l% 58t §Rctrdthegr 8oRd,

conp or n

act packagi ng ousi ng a spectroneter, optics,

a det.ect .and el ectroni,cs.. in

Fur origire dnofaraiES spafh ek BofaP AR Pankfct oes,that may be

6-7 illustrate a system for alignin Fand cgﬁﬁling an
aligped oA mewHpsRg ke dlignmeat pistenysiown iy FIgWES frdfice wit h

the present invention. Figures 8-11 illustrate a

system for aligning and coupling an optical conponent

to a nount, in accordance with the present invention.

Figure 12 illustrates a netal grating elenment with

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

substrate and used as a conponent of spectroneter 100.
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Figure 13 illustrates an optical grating el enent

havi ng parallel faces, that may be aligned to a nount
waigioagotdle al i gnnment system shown in Figures PCT/US2005/020305

8-11. Detai |l ed Description of the Preferred Enbodi nent

Figures 1 and 2 illustrate different views of an

i nfrared spegdisiREb&Cridich dMNhePEIERINC ALYkt he
present invention. Spectrometer 100 1S conpact (e.g.,

l ess.th 9 i G i iV ' .

per BTt A Qe RGN il O TR0 SEREP G 100 in
nmore mcrons. I n one enbodi nent, s trometer 10

scdspAER BT piseehs T Cpon SBSCRPEFiSh  DLIGEMRAG (o lessyln 192
nore specific enbodi nent, spectroneter 100 operates in

cublc Brches produmng as daserilesid helev)y amd eperatde 51 avaydength mgee of 4.5 or
I n other enbodi nents, spectroneter 100 operates in 4.5

mod¢ mikroes. fin@ne embolinidng sBedironmter4.08 opextesnin therig®fo 13.5 micron
Spectroneter 100 includes an entrance slit 110, a

rangf |ahd'1,r{ﬁtah/€9mﬁi'“er dpekifit 2fhbodintn@lshBdroh®leralid opefa@ssUs Uor more
mrror 140. As shown in Figure 3, at |east sone

. | At idng: [ f W

G340 DB OO IS Bl bR Sp AR R
slit.1 s reflected t he [limating mrror 120

OPGRICE 1 %g Of Py Hﬁcr?%?fta%?gnoiI%%trﬂlrcﬁonrr@flgeect s at | east
some radi ation onto the focusing mrror. 140, which_in .
tur ﬁpecélfqn@é@rsloﬁn@plﬁ@é@g@gtratcewbgkw, ssaBimpimE TR 139, agrating
first focal plane 160 and onto the two-dinensional

13Gandchy fozhisidg treobo i 40. 1A9sHomi ioFigmay 3bat least sanegiragdiation passing
first focal plane or another focal plane.) As shown in

thrEh@Sslit 449 fARBwstdheptisa-patiRshienad leste b&raé aidiaiondassidPthrough
preferably has 128 or nore pixels per row, in a

RN Ay LA OO 0
Wi I [ . 152
S Bl b SO BRSNS S e

wth mninmal or, no distortion so that a vertical_. )
focygesrat drasioroms iraiponaf 4 st pepldans, 169andwnia- e fwesimensignal
to the
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 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 signal-to-noise performance.
In preferred embodiments, vertical binning of 30 or more pixels is used to enhance signal-
to-noise performance; in a particularly preferred embodiment, vertical binning of 50 or

more pixels may be used. A high read-out speed is preferably applied to the detector array
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same wavel ength) may be taken, or "binned", to enhance
the signal -to-noise performance. In preferred
wendwodoTsent s, vertical binning of 30 or nore pPEEIUS2005020305
used to enhance signalto- noise performance; in a
particularly preferred enbodi nent, vertical binning of

0 or |xe may . be us h.r

to RetEF ePapcaRy SEpi PP B el %rlgs tsaoﬁfégfg? g3 BFRgond.or
enhance the signal -to-noise ratio | sets

mog, indesirgd and A0 pHl seseefoway daie irBY mPfse Hie@ra?b i?‘ﬂd t% Gmblent
full sets of array data is even nore preferabl 3

tentpratnte farctuationy érmaubendcessetyutatireguently ealibegie the etector array in
necessary to frequently calibrate the detector array

ordeR tPih@dveldataativilety @ vaisdontialialsi dpetayiony Manoaindriantomnsic fluctuation
operation. Manual or automatic fluctuation

corﬁg%ﬁp&’?ﬁi egrb{yg)g d 2Ry opﬁé‘n@-%éédg&?é HayQMedic disRAk the

o IC nay brate t he det or array. As
own in Figures 3 and 4, each colum 150a in the
detFV\RS’ 8 ¥ensi onal array of detectors corresponds to a

t f the 4.5
o ARRETGi Ryt 4 ARG LU Yo Omsasiopagrey of

150a that collectively correspond to wavel engt hs
detepinniangspdnels 40 & poitiomoif éerf. @pbmoreamg?éon rge- Ahhtwo-dimensional
adj acent pair of colums 150a in the two-dinensional

array iityudek a irelety of SoliEms ¢ 604 thapaniidctivelyworedspond teswavedangths
differ by an equal anount. In one enbodi nent, the

! ipaRfof $8Rmnis i h
R St e oo

e 160 e
Bensfort] Sed R RS R sBhGihotl E‘?W?rr&%.g?ﬂ‘m%e‘%@?‘ﬁ?%én oqual
nowto Fi gure 5A e [ r at ed
ammOG dBion SEIAGRIFG SUOATBEe fi‘gﬂﬁ'ﬁnﬁe spEPBRaTEp: 13 the srating
as well as other conponents. Irng nodul] e 210A
130 the focusingtairgr |4 end the @ﬁ%rfgfiﬂl pbm@ Aé érﬁnoaﬁ@ée%wfbmﬂbolume
of spectroneter 100. Canera nodul e 230 houses the
th4led eplabor lessthmn] 92cubic incheskngizee 4A, 4B). I n one
enbodi nent, the total
Referring now to Figure SA, there is shown an integrated, compact packaging
200A for housing spectrometer 100, as well as other components. Sampling module 210A
functions to direct IR energy to the entrance slit 110 of spectrometer 100. Camera module
230 houses the 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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vol une of conpact packagi ng 200A is | ess than about
700 cubic inches. A conputerbased control nodule 250
W0 s00epvisenal |y used for operating conmponents i PCT/US2005/020305
packagi ng 200A, and for receiving data therefrom
Referring nomrto Figure 5B, a further enbodi ment of an
i n rat act packagi Q0 99;5
aS%ﬁl@’&a ?re?‘ 5 £ 058 # g&rf %lira[ nctgrrponezliuﬂgaﬂt the sampling
shown. This enbodi ment may be u for surface.
magklec i OBoprojestsdR energy fs%ﬁi.swgceiﬁg ralish SJatpPEping 242 Lo the
silicon wafer, a coating or a drug tablet surface. In
sutfimies2 18 rf dlki sneptle viateellectimgininigr AbH dhen the oelestedj[Ransrayrs
energy from IR source 213 through slot opening 212 to
redife@tedwhfl 2efocitd iab thidwit $ 80rpf $evirametet medtleri§0 msingdocusing
214, then the reflected IR energy is redirected and
mitf 8645 ¢ oh\BbddiRest fHe tgtjapv&{lmé REebk ngﬁ@&)%kagﬁ%LQOQBhQ @ss than

usi ng focusrng m rrof . I'n one enbodi nent, the

abélgrﬁb c.rfg anﬁo nr.’l‘%%@tut E(e%gdoﬂgolzt?rgﬁll 95b SshBQﬂ'?? Fig. 5A)

a Cco er- ase COI’]t

nodul e 250 (as shown in Fi 5A nal |
is pffonglhy pagd f‘ﬁ@"%ﬁﬁlﬁw‘@‘ﬂ%@n? M&@%lﬂé 8@ ndafﬁ’amfz%’?mg data
receiving data therefrom Referring nowto Figure 5C
thexefsoml| | further enbodi ment of an integrated, conpact
packagi ng 200C for housing spectronmeter 100, as well
as @dfering aopaoFigise 56, sbtdiurthhermbetimenti ofemtintegsatdde compact
used for measuring a continuously noving sanpl e 216.

gﬁr@ F00RMRPAbIBHY spebhSmRAPI0, AP weN A bthe? dStapstichds Shown.

ocuses IR energy (origi nat i ng fromIR source 213
an .
Thi gml% &?ﬁtgméfh %?%ed%ﬁ%%gghgﬁ%Pﬁuglggﬁdﬁ Sanbp?&lﬁ In this
h
R G L s T o

and 212B are provided to al]ow n

IRsauEse 2 3 gug Focyaednsingforpdng @neabb to &ftat Locoféla?rineé@l@sﬁr module
al so be neasured by

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 compact packaging 200C is less than about 700 cubic inches, and a
computer-based control module 250 (as shown in Fig. 5A) is optionally used for operating
components in packaging 200C, and for receiving data therefrom.

Referring now to Figure 5D, a still further embodiment of an integrated, compact
packaging 200D for housing spectrometer 100, as well as other components is shown.
This embodiment may be used for collecting and sampling distant IR energy 220. In this

embodiment, the sampling module 210D directs and focuses IR energy (using telescopic
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placing themin the optical path using the enbodi nent

shown. I n one enbodi nent, the total volune of conpact
w@awkagisag 200C is | ess than about 700 cubic i PCh®Es2005/020305

and a conput er-based control nodule 250 (as shown in

Fig. 5A) is optionally used for operating conponents

ol B35 SREI04 08 s B0 Rl I 1, 9B v
o B SRR ALAP A0S ARl ompuer

shown. This enbodi nent may be used for collecting and
basedroohirelgnodide 350 (asRhewe irglig238) isjoptionally usad Sefi aperating
t he sanmpling nodul e 210D directs and focuses IR energy
cofnySndis inglaclepomy 200D, a0 fadk8)eiving datalthdreftd. of the
spectroneter nodul e 100. In one enbodi nent, the total
vol g 65&1'ﬁﬁﬁfstr9t€%ks gbRGor AR Sarldeuplifiain 8R4l component
700%%{: I nches, and g comca)ut %abagzed coﬁtllri]ggl é‘nli&))(dul e P
0 (as;.shown j. ' [ '
18 TEpe PG EERpRe 2 ethe (R0 8P IR BE R tR R Of¥pectrometer 100
recei vi ata therefrom  Figur 6.and 7 illustrate a
to §amaier 0 G e ghe e AbaPeE BB (00 g preaieect bR afgetnt
310 (e.g., collimating mrror 120, grating 130 or
infeptiosi hgonei entodimerd, the syiers aligtseand coupley optéirahcomponent 310 to
substrate 300 (e.g., the base of spectronmeter 100), in
sulsstiaey 30neich Wwiptdeisidreoffut &metnt?. 5 mierons iarposition ané 0.075 degrees in
enbodi nent, the system aligns and coupl es optical

anSAFPIESRIti0R 1 ©ptRRalSddRsohaitS 18A9inMidlly rBadpirRaiffir B n@fterdil selected
east 12.5 mcrons in position and 0.075 degrees in

froI%ﬂ Igl[ﬂi_nglﬁlfrg,ralh?rﬁﬁﬁm %ﬂ{_yrs,%ziﬂﬂ%@ sté"e‘?,.rmﬁ&g,g{ogg%g)é ib?lpglri#m. Optical

Yy nmacni ne oma naterla

alumn .alum gum al | oys ai nl ess st ni ckel ,
coRBBEER S0y [Py PG BPRECTOC s Ena T3 ot fifdipe 320a that
affixed to a nmount 320, which has a flat_ botfom )
de§nestaplencs39h. tMeunt gesyi heermedsiramany of the fobowingagicrals:
formed fromany of the followng materials: alum num
alahintinn alndatim yHoyss stainidse stsels hiekél, cappek derylldwppganium, aluminum
beryllium titanium alum num
composite, graphite or graphite composites. Coupling of optical component 310 to mount

320 is explained in further detail in connection with Figures 8-11 below.

Referring again to Figures 6 and 7, a cylindrical rod 330 extends away from flat
bottom surface 320a of the mount 320 at an angle perpendicular to plane 320b, and first
and second screws 340, 342 (in other embodiments additional screws may be used) are
disposed in first and second cylindrical openings 350, 352, that extend through the bottom
surface 320a of the mount. The first and second cylindrical openings 350, 352 in the
mount are aligned perpendicular to plane 320b and have an inner diameter that matches an

outer diameter of screws 340, 342.
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conposite, graphite or graphite conposites. Coupling
of optical conponent 310 to nount 320 is explained in
wo mobloers4det ai | in connection with Figures 8- 1RChebms/020305
Referring again to Figures 6 and 7, a cylindrical rod
330 extends away from flat bottom surface 320a of the

nmoupt, 32 an | e perpendi I
fgg_Swsiraﬁel B TREhEE ARG 8 U 4 g Tt e 00
addi ti onal screws may be used) are dispased.in.firs .
Susiatesi0aReY 55 loras FOR Ao G UORTE Ma@dals; HuPirLE ajpgminum
t hrough the bottom surface 320a of the nount. The
alldyisy steinkensistse cuinkel codpperd benyHiung fisariivig salgminung sgmpesiiepgraphite
mount are aligned perpendicular to plane 320b and have
or @aphify@mpbsAeet £ tylitiicalsealngs 0arexeutefron thepear sofface 300a of
screws 340, 342. Substrate 300 has a flat upper surface

the?nﬁggﬂ%ag@?loor %@3&?@%06 af & 51%‘:’6; %&b&ﬂ%u%(?@ plaftt BOUE. AT e

romany o e followng material s:

op%%%ngb%%%(f %#%ﬂ%%?}:)% 1%#%1’ suc‘ri‘a%k RhES St b gv%stral .tig%’f)eche substrate at

et i rum al am num conpos

graphite gr graphite nposites. A cylindrical openin

an@@ée@%Péﬁ@%“@?@dﬂ?ﬁ%“@ﬁper surf ace B%Oa of the P )
substrate into substrate 300 at an angl e perpendi cul ar
t o Fhaneus0dl) is Phsitiarsdvisbeaspery o thesubstiate lé}hﬁmﬂlﬁ%ﬁo‘lﬂy
t he upper surface 300a of the substrate into the

alignihe frieail eodd 3(BWitR0perEng80mIthe subistatet apeping s 030 Ol mPhi with
mount 320 is positioned with respect to the substrate

thré&ﬁd?}éerﬁhggbé NGO YSHNraftl, hetNbpr@inFE3 2 in tR0m3HE with threaded
openi hg 302 in the substrate, opening 350 in the nount

Wi.t h,thr Nk ' .
oGBS R i 1 BGRhSSHER AR gy s
. the sybstrate, Wi t
s BRGNSy RE AR Deg Tl il i bl fgpee 3200

opening 302 in the substrate until the bottom sujface .
of gROnowt confactarthernppeoriiee 30¢an! thppibstraler Fallewmgdhe wserting,

the substrate. Follow ng the inserting,
friction between the rod 330 and opening 302 in the substrate inhibits rotation of mount

320 about an axis.perpendicular to the planes 300a, 320a, 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 a
precision of at least 12.5 microns in position and 0.075 degrees in angular orientation.
Figures 8-11 illustrate a system for aligning and coupling an optical component
310 to a mount 320, in accordance with the present invention. In one embodiment, the
system aligns and couples optical component 310 to mount 320 with a precision of at least
12.5 microns in position and 0.075 degrees in angular orientation. As mentioned above,

optical component 310 is initially machined from aluminum, aluminum alloys, stainless
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friction between the rod 330 and opening 302 in the
substrate inhibits rotation of nmount 320 about an axis
w@eoopeomscul ar to the planes 300a, 320a, and tPUhURESS020305
bet ween opening 302 in the substrate and rod 330
restricts lateral novenent of nmount 320 with respect
O.: _ . . . .
steﬂ%aléltcfgerq,e &JI]!) ?faér‘gég?ylﬁ%. THE Welchinfte inBRgEd fo%%mgﬁ%%lggﬁcﬁﬂ)ﬁenmgs

I nto threaded openings 0,
ti y .n_the. substr.ate. eby. [

ER TR SR b e etk L SR RS

mcrons in position and 0.075 degrees in anqgul.ar .
threpded ntlawilbhc umdestipedsthat fewer py a4t %@lsorz?nggﬂétcgﬁ%dfab&rused m

al i gning and coupling an optical conmponent 310 to a
comwnetion 340, matehing soietah ceylindrigalirhe 30 sqasitionad éneylizdrical

I n one enbodi nent, the system aligns and coupl es
openitid 3@ ineyipactanéd ptizal contponatt, S0 thittrbd 7@ exendsi awaydfom a

at least 12.5 microns in position and 0.075 degrees in

flaPAEK k@ FacR 3164 Bﬁiﬂe%ticzﬁ‘%loilﬁﬁﬂﬁén@ Resh ARV FerpQidfidulato the flat back

conponent 310 is initially machi ned from al um num
| uglh, Aum al | oys, stainl esssteel, nickel, copper or
Sur%‘@??l‘%'um The machi ning includes formng cylindrical

openi ngs_312, 314, 316, .318.in the nater]al i n

cy1 Mt 220 gt et irios 3406 S opeRines oa2dento g extend

wi || be understood that fewer or additional openings
fromobe Bablzoniserfaced2eitartes mewntv emangle perpapdiselpptpdiat front

Cylindrical rod 370 is positioned in cylindrical
surfjeeBR0g RdBastnwbd bé therpeningsi32) B324,4326d0 thxomewt, prefiacibly pass

that rod 370 extends away froma flat back surface

cordpiBR1Phrdue Rk of HERRRR andifirdhndRe¢ddd screws (not shown) are
perpendicul ar to the flat back surface 310a. Munt 320

. fl.at . [
resfi3 % By didHoodd Rt IS il opfiin 2, 39 336 2 théflount. The
t he nmount at ap angl e perpendicul ar, to fl.at front .
first g SROBDGSGES AFVe| DK UBI: PR HEIsS H janessbamegey of openings
326 in the nount preferably pass conpletely through a
322,328 k¥ ésis thg mpu- npunt, and first and second screws

(not shown) are
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 320c of the mount.
Following the inserting, friction between cylindrical rod 370 and opening 318 in»the
mount inhibits rotation of the mount 320 about an axis perpendicular to surfaces 310a,

320c, and tightness between cylindrical opening 318 in the mount and cylindrical rod 370
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respectively disposed in two of the cylindrica

openi ngs 322, 324, 326 in the nount. The first and
waewona3scr ews have an outer diameter that mat BOEESZNS/020305

i nner dianeter of openings 322, 324, 326 in the nount.

Next, the mount 320 is positioned with respect to the

optical conponent. 310 b jmul t I | .gni
st BB aahamRg s O Eh EOER R e Spl B shpbihn 310,
wi th opening 318 in the nount, threaded I, '
Therhaftespiwocsgrewsdiporeitn) wetrﬁgafwén@ﬁrb% ﬁﬁgadgg %S%Hg%iff 314
mount, and threaded opening 314 in the optical
respextivolyen themptticaloaeniongnt3théreby cobelingoneunt 390t eptiggl,e@mponent

320 and the optical conponent 310 are aligned,

31EWithAdrédisbn bO4t 186012.5 niE@8s &0pdsition dnlde). @75l degeres dmingular
opening 318 in the nount until the back surface 310a

origrg tg&(? opti cal conponent contacts the front surface
c of the nount. Following the inserting, friction

bet l.j ndr.i cal d 370 d [ iy
e SRS R BT AR B 3
oS et L css 2105, 320, a0 (USSR er 0. n

cylindrical rod 370restricts |ateral novenent of the
orden tmnfor:32Be giating elessati6d; o mase obpetetial (cCoAYgREHM, 3lginum
Thereafter, two screws (not shown) are rotated into
alléResthitlRasked, pipRel| fameBdiherdlidm) asfirscmbactined torfotrhe face 362 of
opti cal conponent, thereby coupling nount 320 to

the‘i%ﬁt&x‘f%leﬁ&ﬁpé) MdrraaCopthin 3F0RER Ck@h&NrOh fade 362iato the material

_ croné I'n position and 0.075 degrees in angul ar
ori entation, Fiqure il t . . ' .
R R T
may be npounted to substrate.and used .as . a conponent ..
SCIgS CRB RO UL o100 A 5P 457 11 eI PRETIAGP GP AR PR Gerpihdicular
el ement 360, a mass of material (e.g., alumnum |
to face AbAu calihdiyen] akignment sed(not ghown) iy wrefed 1@@&5@ eylipdrical
beryllium is first machined to forma face 362 of
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
mount 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., 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 showﬁ) 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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the grating elenent, a cylindrical opening 370 that

extends fromface 362 into the nmaterial at an angle
w@eoop@nmicul ar to face 362, and further cyli ndP€T/@B2005/020305

openi ngs 350 for receiving screws (not shown) that

extend fromface 362 into the materi al at an angl e

erpendi.c r to.fa 62, i ali nnen

428 SRR fuh P BT FraFelefid B im0 pEBERR 1, S
370 such that, after the |nsert|n%j the ali nnent rod

afigy therirertifga plignment Forbt Hpdsnda pway Tigm t&lﬁglpaéeﬂal at an angle
perpendi cul ar to the face 362. A second face 364 of

petpeaticnigr & thadare 4260 Ansegolnbfaba 3l ebomitalgntiog elamepioddy is
replication process. Figure 13 illustrates a further

fateriiatedialsing 2at dpoQy edptioBtivn ptdékss.hBécond Yadeei38lmyiachdralled to the first
mount using the alignnment system shown in Figures

falk 4bb as¥R6wh NEF fet 8 M & SnfboGiHiE Be Bptical gratlng Ielements

spectronet er 1 I'n order to formt optlca gra

el enept of matefs i al n
Shgmwﬁlg%ﬁsé??ﬁig@ serifiatingg B Bositisd™ 81l B barate
i,s fir nach ned to forma face 420 of the optica
ang pgtoeR ERAR FesPegfty Hsi 51 rgificopeni ngs 411 (for
recei ving screws not shown) that extend fromface 420
i nt d'indily, itetillibeapprsriated barthoss shiled émthecut that chengescould be
420, and a further cylindrical opening 414 for
mddeae thd engbadlithetritt Hesgcribed shwve Rdthoaxdepadmgfframilictaoadi2@entive
into the material at an angle perpendicular to the

coh@pf thefbof Outlis ﬁﬁ’déréi@éd A elr FOPE MHat ftﬁ’éjanZ&ldnsls thsl%ft&ﬂto the

into the cylindrical openlng 4 11 such that, after

pal‘tﬂ:%?arte{q%gdlp?énksg&ﬁ drl%q 1S 1 CF &)nc%%exa%&ﬁfcﬁt%ﬁst\gigun RJC spirit

e berpen

an E«%&gggﬁli‘eﬁﬁa%%ﬁ@%%wl@ﬁ&ﬁp%{, bR Beies. Second

face 430 may be parallel to the first face 420 as
shown in Figure 13. In further enbodi ments of the
optical grating elenents shown in Figures 12-13, the
second face nay be positioned at any angl e between
paral Il el and perpendicular with respect to the first
face.
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Finally, it wll be appreciated by those skilled in

the art that changes could be nade to the enbodi nents
walemenided above w thout departing fromthe brpemus2005/020305

i nventive concept thereof. It is understood,

therefore, that this inventionis not |imted to the
wHRalstdatats: enbodi ments di scl osed, but is intended to

cover nmodifications within the spirit and scope of the

glr :. ﬁ,'gciw' mé%{ { 'ecgﬁrr]or% mg:fj (?perﬁ)(:fgm g w&@e@e@?%ﬁgg gf' lrl g SLmore

operabl e .i.n a wavel ength range of 4.5 or nore m crons,
ml%@%F?@Pﬂﬁng(A) an entrance slit, a collimating

mrror, a grating and a focusing mrror; and (B) a

t wolAl avesnsiaoesslitze eadljmafingieirear & geatingiaad aifecugtng naisor; and

sone radi ation passing through the slit follows an

opt (B)ad twaadimensiondliaclay 9é detectdrs] eheareimsairienst suheatadtion passing

passing through the slit is reflected by the

thr&%h' théTgkt! fagom 5 §fticalp4h I Rhh 3hidng 168kl sobhel rfAdibtibmpassing
reflects at | east soms radi ati on onto the focusing

thrgﬂgtrxécﬁé sl é feﬂlg%t%d oqfu%'ﬁﬁ{lgm?rp& Jn?c? fﬁ%%gatg%dvlﬁeﬁ gn turn

|'ane a

nen3|ona arr etectors; ein _ea
refleg ahlsoroP éa%%ond?lﬁ%ﬂ? fgﬂ&andP}f&V YPChB) et feets and focuses
corresponds to a wavelength in the 4.5 or nore mcron
at lpagh s@ime radéationet aifines .ﬁ@qabnlgne and enfo heciweudimensignalaatay 0§
of columms that collectively correspond to wavel engt hs
detsggassni ng the 4.5 or nore mcron range, and wherein
each adjacent pair of colums in the two-dinmensiona

ar r yterein &Rh @6RAInSnGRS RS BiRMISiohsl 4rvd ofdvietiefgiofspdids to a
differ by an equal anount; and wherein the entrance

wa?éléﬁl%h nrgt?lﬁ] gf:)jlr %ﬂrrﬂgltﬁ éﬁg%o'ﬁ' r%ﬁ% e%tg@écﬁﬁl%fxééﬁlgal 3%12? includes a
plugagi%lr t%ﬂqlémnwchap Colledtivel ely cgr?estpgn& to Wave ng{hsosi)annmg the Izlaﬁqor more
micron range, and wherein each adjacent pair of columns in the two-dimensional array of
detectors corresponds to two wavelengths that differ by an equal amount; and

wherein the entrance slit, the collimating mirror, the grating, the focusing mirror

and the first focal plane are positioned within a volume that is equal or less than 192 cubic

inches in size.

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

positioned at the first focal plane.

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

positioned at a second focal plane that is different from the first focal plane.
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inches in size. 2. The spectroneter of claim1,

wherei n the two-di nensional array of detectors is
weoemsismed at the first focal plane. 3. The PCT/US2005/020305

spectronmeter of claim1, wherein the two-di nensiona

array of detectors is positioned at a second foca

plane that is different fromthe first focal plane.4.

The spectronmeter of claiml1l, wherein all of the 4.5 or

nore m cron wavel ength range |s pe 7.5 to 13.5
i ¢ frorfhie SBECtRTIAGR 96 Alaira . ‘é{%ﬁrgm %BO%%&IM@ guigron wavelength
optical conponent to a substrate with a precision of

rangg i$ betweerl 2.5%0 A¥.Smoikonsn position and 0. 075 degrees in
angul ar orientation, conprising: (a) machining an
optical conponent froma material selected fromthe
group consisting of at |east one of alum num alum num

al l'ays, ot Rftlo8 ISt AHoRfly anBicetifling HIRRE] c¥EhoRSHtD histBstrate

. g
(b) affixing the optlcé conponent to a nount having a

il el 253 R T8 Bl A o8B0 el

bottom surface of the nount at an angl e perpendi cul ar
origpfatipy COMPEFING] ane, and wherein at |east first and

second screws are disposed in first and second

cy! i(adnachining pe aptings cerpancakfrema maeaugslocied finw thergroup

surface of the nmount, the first and second cylindrical
coffi@igng st leasttone ofimluntinlej sigmalungaibys peaiplesciiteal) mickel ccopper and

the first plane and having an inner dianeter that
be@qqthﬁﬁ;es an outer dianeter of the first and second

crews; (c) providing a substrate having a flat upper

f i : | i
oyt KRR R e B A ARACOR AAR R R Do it

he substrate _ into th .
de}ines a tirst plane, wherein a cyl?ndrlcal rod extends away from the flat bottom surface

of the mount at an angle perpendicular to the first plane, and wherein 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
being aligned perpendicular to 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,
wherein 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
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substrate at an angl e perpendicular to the second

pl ane, and wherein at |east second and third threaded
wop@aiontys4 ext end from the upper surface of thePCT/US2005/020305

substrate into the substrate at an angl e perpendi cul ar

to the second plane; (d) positioning the nmount with

respect.to the su str te.b l,ul t aneousl nin
sedop g et YpSHR R FecHE P 500 BRaRTG PR pdl LB path the
the first opening in the mount with thesecond threaded
thle@Fﬁaﬁﬁ‘fPWnﬂTFgemst H8tbEEEE; and the second opening in
the nmount with the third threaded opening in the
subge)rvetite; th¢ e)ounharidghe khabstratgrare alighed Hesastimg theayindnical rod into
aligned, inserting the cylindrical rod into the first

theCiitlst @ydindeiadl oﬁﬁlﬁﬁg NPthe Bubdh@tesuttid thHeeottottnduirfacé bfthb ahidumbtontacts
surface of the nount contacts the upper surface of the

.
thé«gﬁé gélgfa;%ﬁ gm@ sBbdtratd, QR Q&l&ﬁhg salaaﬁsremr{gg fridtionYetwden the

cylrndridal rod and first opening in

trate in |b| a f

oo bR PR A AP 05 ARBR SR b vt
tight ness, bet n the fir ening.in the subst

axig RETReRGCHY Pl BN sxsopdplanbend Vet PG e s pening in
t he nount mnth respect to the substrate; and (f) after

thestubgirate jnd thetcatindrécat tod restriets laterd] mevement of thevimoym tgth respect
the second and third threaded openi ngs respectively in

to theeubdthasd; had e, whereby the mount is coupled to the
substrate with said precision. 6. The nethod of claim

S, ‘(‘ﬁ QEBl & 1S, %ta’hﬁé t@‘ﬁsﬁﬁﬂ%%@écw@@rlhﬁﬁtﬁe Qél%ﬂﬂ A& third .
in the nount includé ends having a first tapered

thrget'(ﬁa exglﬂg Iters] ecg'vélﬁtm ﬁf’é%ﬁﬁﬁfﬁ?@?vh%&\rﬂﬁvﬁﬁ Fl%ﬁﬁtfﬂsq @@gﬁed’\{o e

er sh vvhereby the first and second screws are
Sul&lt‘ffitfn‘@gh W&Eretcﬁgmfl rst and second cylindrical openings

in the nount.

6. The method of claim 5, wherein the first and second cylindrical openings in
the mount 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 with the first and second cylindrical openings in the

mount.

7. The method of claim 5, wherein step (b) further comprises pressing the

cylindrical rod into a further cylindrical opening in the mount.
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7. The method of claim5, wherein step (b) further

conprises pressing the cylindrical rod into a further
wa@yoefoaiecal opening in the nount.8. The met hoRICD1S2005/020305

claim7 wherein prior to the pressing step, an outer

di ameter of the cylindrical rod is greater than an

i nner di ter, of the further cylindrical. opgni ' .

t heSmou n?g«sg}et é’fﬁg‘t‘rﬁjj dv ]%q;rmg'p&%ﬁ#oﬁ ErelR sfeﬁeﬁgoﬁtgr diameter

inserting in step (e) conprises pressin he .. . .
of thy lcy htricebtodrip grepter Slaniga inner diamelqriof dhg LEhepdindrgpliopening in

the substrate, and, prior to the pressing in step (e),
theanowndt er di ameter of the first cylindrical rod is

greater than an inner dianeter of the first

cylindrical opening in the substrate. 10. A nethod for

al i gning and coupling an optical conponent to a nount

wth a p;[ﬁg hge'ttﬁ)r& el 7 \@fl’%@in]tﬁe PisBRtBE W Step (6)ROFptk bressing

and”0. 075 degrees in angular orientatron, conprising:

(a). chinjn n tical .c onen ri
neshiodenred Bk £ 78y ftiGRERaRRY by SEpAREZLE b ome

al um num al um num al | oys, stainl ess. steel., nickel .
presgipg &t steine) ey Quter dighnetgiel the hf 5§ s}’lalq%'&&’:ﬁoﬁil%ér CRigE ﬁ% &g 1nner

formng at least first, second and third cylindrica
dianpesriofigjee finst ¢yHmdriedl@peaing imthg ssbitidtesecond and third

cylindrical openings in the material are threaded; (b)

providing a cylindrical rod positioned in the first
cylindrical opening in the machi ned optical conponent,

whengi n thge oPifétS‘xﬂz[éigﬁﬁlg A8 EoBNiRNESopReaYc ot th ladhount with

back surface optli cal conponent at an angle

o BEERSRSH T2 R Oy A Bittin,

first, second and third cylindrical openings that
COBRIIEAL fromthe flat front surface into the nount at
an angl e )
(a) machining an optical component 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
mate;ial 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,
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perpendi cular to the flat front surface, wherein at

| east first and second of the plurality of cylindrica
We@p@aionT3s4 i N t he nmount pass conpl etel y t hr oughP@r/us2005/020305

t hi ckness of the nount,wherein first and second screws

are respectively disposed in the first and second

Ny [ ' LN . the first. a
WK PN o o RRR RS ol elyiEu it snetedin M libreewndan
j.nner . di aneter of the Lirst and second cylindrical .
cyhﬁgf af, gRenines p the 1o, the fiyst and sgeord sereyp, %?Vlﬁ% an opighisgeter
the nount with respect to the optical conponent by
thagimpiches e dunsr diagetay o thy firsteandseedndraydindsiead npémiges indhe mount;
the optical conponent with the third opening in the
mourid) aftenetep€b)y pdsitibuing tedneape withgespect foehoppticaiibomponent by
conponent with the first opening in the nount, and
sirfniliaheoushy Aaghesh B eftddod &t&ﬁtﬁn%ﬂbhﬁtﬁé oS QeI OBEBPSnett Lkh the third
t he second opening in the nount; (e) whil e the mount

o 6 e FETRP IRyt R S5 iy e
o Rl 55 RS BB She RPBbb it o

wherein, follow ng said inserting, friction between
SGQOHQOEWIF&HHhé@POL\ng'd and the third opening in the nount

inhibits rotation of the nount about an axis

per (@mdiisuhamouot aruehé ppiidal esrdpdirakars utifaek pregsidg the cylindrical

tight ness between the third cylindrical opening in the
rodvitihe aiied &Y1deivall pBRing A the @Rbune Bhtill thé BadkauBfadd of the optical

novenent of the nount with respect to the optical

coPSRAY %Ht%ct@ﬂlg fhdnt s@bice roﬁ #HeSRourE )Wthgd’i'ht oillr'agfixﬁjlsedié g%%fting,

and second screws Into the second an rea

.Qpeni ngs respectively.in,the optical ¢ onent., .. . .

triGH B et R ot i b one SRR RO Sepits tation of
wth said precision. 11. The nethod of claim 10,

the frspd iaamgfta@ BXEPEReBHsHIaE tosthgdiont andpck spideges lang Hektaersd
cylindrical opening in the material, the nount

betivigen thedbird cylingdrichl epghingdn iheahount and the cylindrical rod restricts lateral

movement of the mount with respect to the optical component; and
(f) after 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.

11.  The method of claim 10, 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 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
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openi ng that extends fromthe flat front surface into
the nmount at an angle perpendicular to the flat front
W@ obaes44 wherein the fourth cylindrical openi PQI/UR20051620305
nount passes conpletely through a thickness of the
mount, wherein a third screw is disposed in thefourth
cyl indri.cal ni. [ ANt - 1
fofth G O R el T SR Ok S et tht
dianeter of . the fqurth cylindyical openi in th
g e B giagrereria eoptt G hperBEdh ik mPwis S, 0 forher
screw into the fourth threaded opening in the optica
coppripinaeptating the foureh spsew o te fopg ﬁhr%i?edmwlég in thejoppical
to the pressing in step (e), an outer dianeter of the
cofiipbherdr i cal rod is greater than an inner dianeter of
the third cylindrical opening in the nount. 13. The
nmet hod of claim 10 wherein step (b) further conprises
pressing the cylindrical rod into the first
cyl indri ' ) : hj ' : t
14, e o) Ot I HRFRPAGCIORRL pieink APRAPEY an outer
.pressi in.ste ), an outer dianeter of .t.he,. a
ailhgiereinf iR b bt aifiertid i o Tl of Ik Gpig ogndical
the first cylindrical opening in the machi ned optica
opewiipdmigtmourt, A et hod for fornming a nonolithic neta
optical elenent, conprising: nmachining a mass of
material to forma nonolithic conponent having a first
face and a second face opposite the first face,
whergi n the héthed of dgign 0F whbeinRew(b) thiniier conprissniressing the
conprises an optical conponent selected fromthe group
i onent.
ox it b fhfthe Bro REHALTL el in MomAuIied oTRbL tdon
cylindrical opening for receiving a cylindrica
alignnent rod that extends away fromthe second face

at an angl e perpendicular to l.ane defi ned th
secofd fa nggthg@ g%&;}aililn 10, whereain %rior to tﬂe p{resselng *131}/ step fb), an outer

diameter of the cylindrical rod is greater than an inner diameter of the first cylindrical

opening in the machined optical component.

15. A method for forming a monolithic metal optical element, comprising:

machining a mass of material to form a monolithic component having a first face
and a second face opposite the first face, wherein the first face of the monolithic
component comprises an optical component selected from the group consisting of a
focusing mirror and a collimating mirror, wherein the machining is used to form a first
cylindrical opening for receiving a 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 face at
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cylindrical opening for receiving a first screw that
extends away fromthe second face atan angle

w@esppomdscul ar to the plane defined by the sechemUSmO#(020305
and a third cylindrical opening for receiving a second
screw that extends away fromthe second face at an

al#%%leepegﬁ%nﬂ%ﬂr‘w I% larﬂf% &e?ﬁe@%‘}?ﬁl% sg&;qdrﬁaa gﬂ? b ﬂﬁrcﬁﬁﬁfﬁﬁﬂcal

erern eri I's selecté romt

TP B . PG SRR e

16. The nethod of claim 15, V\herel n step (a) conprises
peudndisulsir iy e nhwterstetigecibn g seenndifags, eed Wheseibe material is selected

first and second faces of the nonolithic netal optica
fremthxogrenp corsisting lo€ anfesth ode of aluméium, Bhiminemeilloys,tséainless steel,
machining is further used to forma fourth cylindrical

m@l&@rvopﬁeﬁdﬁﬂbegﬂmml ng a third screw that extends away
fromthe second face at an angl e perpendicular to the

pl ane defined by the second face. 18. A nethod for
formng an optical grating el enent, conprising:

Che b i cHfe Hrdpe ﬂ@clsmﬁévnv?hergn#eps@ S8 18 SinBle-poin

openi ng t hat extends fromthe first face int
digmerd fuapingfo famenit dhefustad dreonddrocs o fh?én?rm?%hw fagtad optical

a second cylindrical opening for receiving a first

copogentt hat extends fromthe 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 fromthe first face into the

mat eyj al pe ﬁ@ﬁh@@ gF @laﬂﬁ i p SMatgttRmARidiNE st iRl Vs8¢ R form a
|nsert|ng indrical alignment rod into the first

fogéf oyl g} r%cgi opaﬁn&[{ﬁgﬁecg\i?e e t'ﬂ rd %él’ts %&\l&%@?{%&ﬂﬂg g{vtﬁ{é A8m fhB€econd
BfgHrPeREleRs TGP B %ggi'e 1@%@@@3&%&%&?%5 e
el enment using an epoxy repllcat|on

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

machining a mass of material to form a first face of the optical 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;

inserting a cylindrical alignment rod 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;
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process, wherein the second face is fornmed froma
resin | ayer bonded to the machined material, and the
W@ ewe/a73fiace conpri ses an optical grating; andP@hesmos020305
the material is selected fromthe group consisting of
at | east one of alum num al um num al | oys, stainless
ilt ZI fl%]bri%tﬁ:lgfz]a sb n%lpfg %ﬁﬂ ?c%}/é'lllga'tiﬁ elei]h%'nt J&?&ﬁ? %&9{9 rglglication
sin oi.nt._ di ano turni ng oform ec dface
DroRaS dﬂf HRIheiegP gor IFEHERE b g Tere 1T ROReg o Biegnaghined
18 wherein the inserting step further conprlses
myfexigls arbthe secong faaschompaisesean aptivelraratingi andt o the first
cylindrical opening. 21. The nethod of claim 19,
wherwhereiprthomatepial Beelpeted Siongths equp cansistingesf al leasedrerof
of the cylindrical alignnment rod is greater than an
alhfRm, Qh@iiﬁﬁﬁrau%s tsPagn1éds rsfetel ek dbpeRhn@P&RiiRgh. 22.
The méthod of clai'm 18, wherein the first face of the
optical grating elenment is perpendicular to the second
face of the optical grati ng elenent. 23. The nethod of

cl ai jp 18, wher ei st. face .af the.optical

o atBhg. sTrerRof of Ofim i Shardhone s omee porEaisss uping single-

opti cal c?ratl ng el enent.24. The nmethod of cl a| m 18,
pomteha;nw tyening josform skeeseepnd fage opihi eatica) BEating ! @naent

is oriented at an angl e between zero and ninety

degrees with respect to the second face of the optical

grating el ement.

20.  The method of claim 18 wherein the inserting step further comprises

pressing the cylindrical alignment rod into the first cylindrical opening.
21.  The method of claim 19, wherein prior to the pressing step, an outer
diameter of the cylindrical alignment rod is greater than an inner diameter of the first

cylindrical opening.

22. The method of claim 18, wherein the first face of the optical grating element is

perpendicular to the second face of the optical grating element.

23. The method of claim 18, wherein the first face of the optical grating element is

parallel to the second face of the optical grating element.
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24. The method of claim 18, 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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