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

I nvention The present relates to infrared

wpeastsmonet ers, and al so to systens and net haaardsasosiefnsos
manuf acturi ng and assenbling optical conponents

i ncl udi ng conponents that may be wused in infrared

T "
't s 9RNGIFAAGE XD Laser eifto SHRp!
r adi"atTon peyona tne rea portromn of "tne visrore
spectrum whi ch had been di scovered by 10 |saac

Newt on. Since the 19" Ficidefithelnventioa i nteraction

between infrared radi ation and different substances

had B&enresend tilaies thynfmeddsbeatomierers, hed Flsocto gxstenps dndumpthods for
physi cs and chem stry. It has since been found that
manufagiueing ambaseenitzing opfimbedmmnérfteinelntiing ocompanesis dfat tag be
infrared spectrum and these absorption features can be
ugeden ibfoarctbdpecttorsangds.i dentify chem cal species. The

first mass-produced infrared spectroneter was not

built until 15 World War Batkerodadn the US Office of
Rubber Reserve identified the use of infrared

spec Hﬁﬂﬁ@dﬂ%ﬁct@‘éc@ﬁ hed fte6idiy RheEWiiSiarh 0ler¥Re Fikcbveged dptical
‘conpositions of the synthetic rubber conmpounds, and

SBARAIRGodRe A8 Y610R OEME vRafbid PESRAME disMaBH bedRliRbFered by

capabl e of operation from1l gm and beyond. Since

1890 Newtdal r‘Sﬁ{%@/ eZlPﬁ %{:[Lttﬁ?%@ fn%ergl?&ﬂﬁ bO ¥R el Sadiation and

accept ance e"scientific and engl neeri ng

R RhthlaiCes 1A e shila 8§ BeloRs AteidrloB iy and
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chemical species. The first mass-produced infrared spectrometer was not built until

L

World War I, 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 spectrometers have gained wide
acceptance by both the scientific and engineering communities. The first generation of
these spectrometers utilized the opfical dispersion of infrared radiation by rock salt
materials such as sodium chloride (NaCl), Later these hygroscopie, or moisiure-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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general, these early infrared spectroneters wei ghed

over 200 pounds, and were packaged in a space |arger
than 7 to 8 cubic feet in volunme. 1 WD 2006/ 007344

PCT/ US2005/ 020305 In addition to the dispersion-based
W 206d3gpect roneters, in |ate 1960s, w th POBUS2005/020305
advancenents in |asers, conputers and data storage
devices, a new type of infrared spectroneter based on

the ppi aﬁ&?ﬁ@ﬁ & 8L at él&iaﬁaséd%ﬁﬁlfe& 5ﬂ1¥ters"‘ﬁ§ate 1960s, with the

devel oped. Due to the conputation invol ved in

4 pec%fﬁae Q% b4, g%ﬁ'%t%f@ R o RS TN Ty 3%%@1
l;\peg . 5 é%?{rf}%% Idoolill t}rxe u ]%lg)lé (ﬂ'foéﬁga? %térfé%tﬁéé&e @Lssﬁleapecﬁ AR to the

ar Speciroscopy
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ar.e t he |

_E%@E%i?&@ef T I N
ng%d%é%%épé%ﬁ%ﬁwﬂ B Sesply 16 el i Bese TR

because the interferonmetric nmeasurenents require the
FRPEIFOIBIETE hayedrovidid heghiy Eprovisd sensitivily e spestrb regplution ogpared
of half a wavelength, i.e., a precision in the

o1 the dinersive infiarg@ spertromanteraythe inisFlgromegrin natin of these fnskyaents

in the tenperature or any snall anount of vibration

wequikag that gBimate dnmirérandntad eontio! erbebatmved dusinig|teeinqmetation, This is
fromsuch an FTIR spectroneter. Due to the

bevawe ey iatei fenonefrictiraswanéndsedequiret the derlaprinpoef tamdptdal beams
the rel ated feedback and control 15 electronics, an

Wikl thesdisthricy ofRdlfyhwavelenpthli%) atpwecdiéh jndhinuiremmder range. In other
occupies a volunme of 3 to 10 cubic feet. For nmany .
worde,mni Rduist Cladfes i6 e Ynhpeyatard dr Ayl sntaliraynotmisif vibratioe would
abilities to detect the infrared spectral signatures

Rinchemeadooblih §988b16 st o sudhian FITER ghdtember. eeso the
hi ghly val uabl e. These types of chem cal information

RE&BRateH otk sptRsl iherfiehaerinaal itsremtalfbddbackQnd @bntidl
production process, or to evaluate the danger to

ABRIARE Ain FTTR DER Ty dRighE £6m 150WRM®pounds and occupies a volume of 3

to 10 cubic feet.

For maﬁy 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 tdols for these applications, but rather

as an off-line or laboratory validation tool.
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due to the limtations in size, weight and ruggedness,
infrared spectroneters have not been wdely used as a
first-line detection or nonitoring tools for these
applications, but rather as an off-line or |aboratory
wal 20ek200738n t ool . 2 WD 2006/ 007344 PCT/ US200 ¥ AR345/020305
To alleviate the practical limtations nentioned
above, it would be desirable to develop a sensitive,
i ghts wei r . j pact

oSt und HEGSH ﬁﬁag%g;meﬁgsnéd%ﬁg%do@gfofgr%%ﬁteets

capabl'e" o ecting an ent

e

esi.gn is needed to.cover a wide.5 range of the s
GeiehSR s Fe B RS SherdedoPyies vaAR Y stV soppigons
the so-called "infrared. fingerprint". (7-14 region.
icelire i tecn FompartmpTan! SEFORHRUFSFigh BRI R GRS Wide
the fingerprint region will provide the nopst o
TaER T et 7o WYl opeiahts ahg Hat aleiionhe grsefeq gufrared
identify different substances. Wiile it could be
fingewiright (7 drhwam degion. s is hecapieithreinfried abremtion fearestn the
to build 10 smaller spectroneters that cover a w de
firepeindfegioh evill pforale de reqskdistingtive ¢Hemidabovidanse thetmao be used to
envi ronnent al changes nmay not neet the ruggedness
inafidy diernt sibftaiced.i el d appl i cations. Anot her
consideration related to the econom cs of the
i NSt 'WRRSTE cduld bdWiraRagarwatd to asshebicipltytehihd a8 FITIR febuild
infrared spectroneters today, the majority of the

SRAIECHctromERMA RS WildRHePsfRhd b ared kpddlraBsthe low resistance
materials. Wiether it is the grating in a dispersive

th RV iEdAHR Rl Qanddl Srafinbl 1R6eS th¥irk oM ArelilitdRients TEBSRe1d

gl ass- based conponéents are often glued or. clanped to

#ﬁﬂggﬁgmbefore they can be secured and then aligned.
e_accUracy of the gluing process, the possible

shr i %%gga Qoo GH 1dfieclio BRUNOAAT SR i hiNgiRleadelif

gI ass pl'ace uncertalnties on the preclsion

a%gemtblilﬁ ]£1isiﬁe‘;j1 zlﬂl %le iix%%@tpecu‘g‘ﬁw%rsr t&?alfrl, fhe dafb‘?ﬁ;?of the optical

componehts 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. As a 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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20 instrunents need frequent mai ntenance or alignnment
after leaving the assenbly line. Even during the
assenbly process, highly skilled opticians are

required for proper alignnment of all of these optica
vanponerdds, nmaki ng the production nore cost | yer/Ud2605/020305
present invention provides a solution to these and

ot her shortcom ngs found in the prior art. Sumary of

the | pMeohieet viiilod OBERRTRAMRE. M&%Q@&E dedighed to

the present invention, a dispersive infrared

%ﬁ@ﬁart%ﬁq%tﬂ% {H?xr i egﬁgﬂf&@&' &0 Ky | Eht%%@ﬁﬁ%o 3 Eucal

- di nensi onal etectors. Byt

%ar e?%#&ﬁé n'ge&ﬁ)%%er%é &h&ulﬁgﬁ%&tﬂ %Slrggl?cg qnd convergence

ntarnin rgen ergence
Okl ggtfcggéegﬁghﬂlggr%ﬁt i RioR SRS HBUEDLL RGP R time

R AN USSR A B B v 5

i nfrared sg tftbru Eo f rther enhance t he ruggedness
8’fm?’i‘?ém§’i88 P ed Sy tical corrponents and their
rmuM|n reszﬂe'fbruz$edfromrmt s, rat her

than &9 RIH qrﬁ%se oft ¢ PRECETRTLEY @ﬁ@ﬁf@ﬂ W@ﬂwts and

resi st ant to shocks and _vi brations. Also, being

di spelbeir ouptingfastures am fabrieaied fgoms metals ratherihen %laﬁﬁdiﬂklﬂ?ﬁgthe

principle, the spectroneter is significantly |ess

vul neteeiBiing spectramestes highboesisent & shepierragd gibratiend rdise, being

i nprove the ease of assenbly and nai ntenance on such

an i rdisggraine ratbprtbar infecferometr ip ifs working trvciplexthespéchrgmeter is
schene is designed for optical conmponents and

c onp onignficantiyl lesewilnanabidhiosheqeaommenidl ehangdhi s

sinplifies the assenbling process and at 15 the sane

ti me achi eves pernmanent alignment w thout the use of

wel di Ingrden kcaimipmeyedhe cage ofi asggmblynandmeiniedmods erequch an infrared
assenbly nmet hod does not require sophisticated optica
trestromegierf @ puseaatilock noomtingdchgue jsasdgned dor apgjcd] lkemponents and
assenbl i ng process and is therefore nore

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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cost-effective. Finally, due to the rugged design and
the permanent alignnent, the spectroneter requires

m ni mal mai ntenance once it is deployed, nmaking it a
nore 20 effective tool for field applications found in
waeweni7eéld, public areas and battle fields. POTESH05020305
enbodi nent, the present invention is directed to a
conpact spectrorreter operable 1in a wavel ength range

eﬁ’&anﬁ glt A colihdting Wi gﬁa’ﬁﬁ? fa%aﬁhlé r%:ré r 4 a LR stFodl G188 SAL

nor e n1cr6n hin t to 13.5 mc¢ron

SOk RS OB RS 1 P e ome
%ﬂ%{qﬁ besg Bt ﬁ?ﬁe o G o %f%ﬁ‘ﬂef%ﬁﬁﬁ“
ity bPbFrEe & gl ety staa%?oc}lsgns birEcfbef e

col | i in nlrror ont ratln turn
relep a0y o MU B -aa? i E gl P%‘EE‘E%
mrror, which in turn reflects and foc Ieas
dgusmsional aray ?%feator%“'ﬁlmhéwfbéé%ﬂawﬂaéﬁé fizgt §°°61§R lgpe qq @nother
two- di mensional array of detectors (which nay be
focallansg Eachiepmbiin the tverdimensiongl@may O!Saci%qcm confeazogﬂs toa
pl ane.) Each colum in the two-di mensional array
portive of thest. Tormes puerds range, dhe tpordiensicyp! arag inphglepp Phﬂﬁlfhéy of
m cron range, the two-dinmensional array includes a
cplimnsihatopliedively obmespend toatavelohgtesctpamniig/the 4:5roe siemmicren
wavel engt hs spanning the 4.5 or nore mcron 10 range,
raapel aad edvhadjaeemepdir gliolunots i the twmdiniemsipivd array of detectors may
t wo- di nensi onal array of detectors may correspond to
covespdng Waselédpds tighit BifRE bpyn equabamtaint. fhelentrancElokit, the
entrance slit, the collimating mrror, the grating,

cS1RRafifCHSion Ghddrhtigy, thafecubing nﬁtrﬁlsdndfﬂiwﬁtlst fptaA pRnadre positioned
positioned wthin a volune that is equal or less than

whBif CdbRinte thiGHEMal ot 165k Bfn 189 utié RbR: abkiYe, 88d p:@feyably,sm&y
or all of the follow ng design requirenents:

soPhAG aNDE HEFNGWRL d& fenghoul d be tightl y
~arranged, yet cross-tal undesired reflection or

tr anf% Oé:’é}n(ﬂ'%qﬂé)éonﬂﬁﬁ&ﬂ@moﬁﬂ 3R H o bE JRIcRehs Bk,

elim
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 slif;

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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2. The spatial and angul ar arrangenent of the
conponents shoul d produce the desired wavel ength
coverage (on the detector array) w thout excessive
aberration, such as spherical aberration, conma
WOt dEm or chromati c aberration, and w tIHAIS2005/020305
excessive 20 loss of the infrared energy passing
through the slit; 3. In enbodi nents where the detector
j1nf i ' t -
( gglg?(gr%{ﬂg%de% (cgfﬁeﬁfénﬁf‘ﬁﬁf HhcibilyThbilad rdbciBed GRS BRGwo

Ifferent fromthe first focal plane),
: i J
B AR PRl Eﬁﬁﬁgﬁe‘&éﬁ%&%?ﬁﬁ%&?@éf?@% ASA
5 WD,2006,007344 P g
2IORINLH 3. RETABRA00LARAI08 ol NREH RUAN) O

be convenie icien nd refocused

* FpigpageleARe iy BoR B bafe, e S AS Rlafffed; and

focusedq, spectr referably utilizes.the.enti,re wdth.
of t ﬁe %Pﬁgq’%ioﬁ@ﬁ E‘i"’b‘ﬁ Sp ‘d‘@%“gl:?nothe éﬁmr'gf?je&%?%a grotd tay 1s
pts;thgrtawtg r%:{fn?lggdt \{nalbmgrggg};gglo g}@@:’ftt?qnfﬁ%] ; ma t%rgt%balaaggrage c?f pixels on
t wo- di mensi onal detector array is referably ... .,
thepdataior amaydcpmesaprdingalo T sams v dersil)iteay R dalkeReqr “jinned”, to
vertical average of pixels on ‘the detector array
eflaance the signdrtegoisorerfiemancse wavel engt h) nmay be taken,
or "binned", to enhance the signal-to-noise
per f &r arapndance Mithadorhed asnset, thiepresent inyentinaris disgricdto amgthod
present invention is directed to a nethod 10 for
forl aligning gnderaipking gl dptical anmpipteniciala selstrple vt a precision of at least
substrate with a precision of at least 12.5 microns

1215 miosin inpvsitiod af OFF dbgrpeemamprlaamigulation. oAn eptical Gogrponent

An optical conmponent is machined froma nateri al

is@hatieddrot Dfmtatalrvblaetsd frodn whinium, aldntiysm alow sthiekess steel,
steel, nickel, copper or beryllium The optica

nEdRBD 8618 oriberyllfvin. XEik dpticAl compdtentiavifingd @ d thaint hivdhg oftat
surface that defines a first plane. A cylindrical rod

bRbR BESce YRY ddfned HREplhatA dAingatdl el extbnii aseayofrorh ke flat
mount at an angle perpendicular to the first plane,

13RS &irdcE BBthe hichBtat 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 oylindrical 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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and-second screws are disposed in first and second
cylindrical openings that extend through the bottom
surface of the nmount. The first and second cylindrica
openings in the nount are aligned perpendicular to
wioeedsionst4 pl ane and have an inner di aneter tewatus2005/020305
mat ches an outer dianmeter of the first and second
screws. A substrate is provided having a flat 20 upper

ol Wit % ﬁr&%&aerﬁﬁ% %n%ec‘ s RS iR BB ng MRRL Sbiht Yvithi i decond

cyl'indrical “ope extends fro t he upper surtace of
A5IRRR od A S BEHD GRG0 Bt i

R AT e,
. . ' . T
R X o e

simul t aneously aligning the nmetal 6, WD 2006/ 007344 .
S R S A q%ﬂéﬁﬁaﬁpgﬁﬁﬂwﬁﬁﬂ%lﬁ%@m&
substrate, the_first openi n% in the npunt. with t.ﬁe .
figticarhgtwaen the sylipdrisglond argl the Tirshepeaingdp the substrafsnhipyls rotation
second opening in the mount with the third threaded

of phermhotygt sheut greaxis pssnendicdlar tpghe firstand ssegndhplaggsendiightness
substrate are aligned, the cylindrical rod s

tietveeen thedirstiopeningia the Wsﬁwudm%wqy&adn@b@ﬁ irpRiriqtnaterpé
substrate until the bottom5 surface of the nount
mormanta thepounppéh raspect tiohe pbstrdie Afydhe insestingrdielfisiang
the inserting, friction between the cylindrical rod
sa¢uakd sérews ire Sdtatod o the sécond el thindtiteadtdopeningbiespectively in the
rotation of the nount about an axis perpendicular to
silbstrafe] Whéretntle sRoatidcqubRt ésthe autdirite glith said precismmnvienat least
the first opening in the substrate and the cylindrical

INGmicRsmb id gsBioh ah®0.075 degrieeivmpulaf orfeh@tiom)nt Wi t h
respect to the substrate. After the inserting, the

fir Sty 226rddibe SRGONGITERIRNEspBEEthE Pieddne thvmition i§ ditccrbeond
and third threaded openings respectively in the

RHRRL AL RnindARE 8RIhE Sa 6ﬂﬁé_§l%oﬁ1?pﬂéﬁ%' a8@Boin®with @ precision of at

substrate wth said precision (i.e., at least 12.5

1BsET RN Ricrdhs ﬁ(%sﬁti&%@@@?gdé&&_s B85 oridhiaHoA U ARloptical
ori entation. n accordance with a still further

BiB6Ent is b ehiRL EEER Grin MR L @Bk afilys 844ifi8sssRef 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 mateﬁal

are threaded. A cylindrical rod is positioned in the first cylindrical opening in the

machined optical component, wherein the cylindrical rod extends away from a flat back

surface of the optical 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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met hod for aligning and coupling an optical conponent

to a nmount with a precision of at 15 least 12.5

m crons in position and 0.075 degrees in angul ar

orientation. An optical conponent is machined from

wiouodsmaTsi4 al umi num al | oys, stainl ess steel, wimks2605020305

copper or beryllium The machining includes form ng

at least first, second and third cylindrical openings
Ceri . .

t'clt:xg Plltoﬁrgt ﬂg%s acl%[ngge(lgerlrxlr Wgﬁ hﬁ{lﬂ&gss%?%i'ﬁg?ﬁﬂ dnd Efs% ghd second scArews

ngs-rn e mater are threaded.
cylindrical. rod, i i 1 .0 fi Y '
B @ T ORR da RS bl chertlas B e B
he cylindrical, rod extends a f 1 aty.
i beropt Sl st P S R el AR B iRt of e it
erpendi cular to the.flat back. surface. A unt. i.
B SEEo0 o R0 P e i o SRR QIR S into pp PG it respect
first, second and third cy]indr.ical enj ngs .t hat
{exthecmlios] ComPYISEL o SPUIAER AR RE Loimitl) TG oR the
an angl e perpendicular to  the flat front surface. At,
onsigalicompenent witkiths durdrpering ke prwtaihe 657084 %Wﬂ?dﬁmeweé fr the
openings in 7 WD 2006/ 007344 PCT/ US2005/ 020305 the .
ontigal coppenent Wit the fiast ppaninedn gie reovnh jppk Aiid dhrgded gpening in the
mount, and first and second screws are respectively
afitisg comglorient whietheiseoond eppetiingdis the ancapt. | While tha moppleand Higs
in the nount. The first and second screws have an
aqpiicsircontparat e aligvad, thedytindicabmod ispressedlingmibe drirdshlindrisal
first and second cylindrical openings in the nount.

dyeiting it the mzbmntnintil the pakistifmwe efthwioptical esp@ntntTontacts the front
optical component by sinmultaneously aligning the netal

fueEcenfiiandong Folmiidhe ino@ting dictioa bpivrenthewylitdricdleod and the
third opening in the nount, the second threaded

1BRE BpdAthg iR tHetBounPRhib@totRioRBOME ottt dbbut diexdsipefpendicular to
opening in the mount, and third threaded opening in

hB B ontQRE bad suFAEP HBEhinehd et dRe HRaRRd 6y RRAEGH! bferiny, ih e
mount. Wiile the nount and the optical conponent are

Iﬁw glgpg?]g aﬁ&dﬁxal G iEaL 12624 noveRER DT8R thotuPwith Respddt fodhe

10 opening in the mount until the bac

C
A 68l R RIS 0 b ko
hich G485 gp%%? Rspddyely bl RS el cofuBGnedf dHeRBy the mount is
coupled to the optical component with said precision (i.c., 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 2
method for forming a monolithic metal optical element. A mass of material (e.g.,
aluminum, aluminum alloys, stainless steel, nickel, copper or beryllium) is machined to
form a monolithic component having a first face and a second face opposite the first face.

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

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

8
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third opening in the nount inhibits rotation of the
mount about an axis perpendicular to the front and
back surfaces and tightness between the third
cylindrical opening in the nount and the cylindrical
wodesamtaad ct s | ateral nmovenent of the nmount pwTids2005/020305
respect to the 15 optical conponent. Thereafter, the
first and second screws are rotated into the second

Frcn ETRE G RERNT I SRR R alelE |

reagy 8 iy Gach by BharoEhee Aafopd b%'d%rhal% il o

I t at d
S t'te%%n%ﬁaa@gﬁreﬁw"the%‘eﬁﬁf it T

20 net hod for form armn %n taI |cI
srerfetingd bydhgsegpn ee?rfdaﬂ ndric re&‘f‘ﬂﬁ% Aum

al | oys, stainless steel nlckel er or 1I|u§?

seapnekaerhy Ahedcxiends PP om s TeraE ice a é’ﬁﬂ’eﬁ ?Fd"

first face and a second face opposite the firs
pline defined by thececast! faase Alfsmaliyebiaflis seeonp Sie At the PFE@I é%‘&elﬁ

focusing mrror or a collimating mrror.
nmyeipeipegyicwarde the firss fooranaay mgﬂesbehewupﬁra}leléaﬂ PEPEIHGHFT
for receiving a 8 WO 2006/ 007344 PCT/ US2005/ 020305

cyl i hdadcodhneairysenfurthadspdet thegesentdaventien/is firenisd th e
second face at an angle perpendicular to a plane
mﬁﬁdﬂﬁmmﬁmngbﬁo@ﬁmﬂpﬂmgﬂmmmm“sew&nﬁnm&nﬁﬁﬁgnﬁmmnwn
opening for receiving a first screw that extends away
afuniifith ARoyB et AIdssTsReE nigkel Adpperat Berpitinmp iscnachined tot form & fiest
pl ane defined by the second face, and a third

£506l o B opEidl cRBRPEIBRetOf fitsBlihdticabopening St enehds romvthe first
t hat extends away fromthe second face at an angl e

r:ﬂ%@ﬂ@ AR of & daBR pex%bﬁkﬁﬂfﬁl% ihB @ikt lite AR creghntirical
Al ternatively, e second face of the optica

glﬁﬂ% rec@%iﬁtgkﬁ%ir&%@%qﬁdt ChtbRHs floth th Brst F66 tntd @6 Enateifl at an

ween parallel and perpendicular. In

alﬁgl\% 2)5&%&159’% e Y&k g% e b RBEd c?ﬁﬂ(ﬁ%} opeliBg Bir@8cRfing a second

ron1s dlrect to a ne d for formng an

s%i%%vi ki lext%ﬁcﬁtﬂo%ﬁhg lﬁ?ﬁ%& intd ¥R Ser at@ﬁ%ﬁglé ﬁérp&&cﬂlar io the
al"unt num

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.
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10 al um num al | oys, stainless steel, nickel, copper or
beryllium is machined to forma first face of the
optical grating elenment, a first cylindrical opening
that extends fromthe first face into the naterial at
WO 2608@bB4ger pendi cul ar to the first face, ameasd@s020305
cylindrical opening for receiving a first screw that
extends fromthe first face into the material at an

angl e perpendi cul g, Beécﬁ-aﬁéﬂ&ﬁﬁeﬁﬁ% sand a third

cylindrical openi ond 15 screw

T B A5 S Rl i

cylindrical alignment rod is inserted into the first
Rﬁéﬁﬁﬁﬁ??ﬂﬂ? opening, wherein, after the inserting,

the cylindrical aljgnnent. rod extends a framthe

at e F1Ee 2 1@ Tahes HigHeD S pEAAR S ShAVR 1 IERe fce.
A second face_of the optical grating elepent is, )

f abr Fegrectis adiaggmshogingdpe peiise! Rath ptadiation igfhs e n
the second face is perpendicular to 20 the first face,
speriromstepshewinde Eiguees il edisamplipg andoadesinggeticshonded t o
the machined material, and the second face_ conprises
an ofigurseAA Hlusiratesghe ralationshin hefredop theaws sedephummsps pixelgfin
the optical grating elenent may be parallel to the '
thd platar etewdor and a avayelenih eovemgnebmmiquensain|actordande with the
per pendi cul ar. 9 WO 2006/ 007344 PCT/ US2005/ 020305
pitsetfinvdes@r. i pti on of the Drawings Figure 1 is an
isonetric view of an infrared spectroneter in
acCoFtancsB Mutthatdshige relatiemshiptbebwies tlicirows arfd @limesdf pixela in
further view of the infrared spectroneter shown in

1l {1aa8 dedtectordnff i Gtak Elerkth Sovarage 3EA. 8 MG MW Gcdriiico pith tiad
path of infrared radiation in the spectroneter shown
prétedtii@ih@sh. 1- 2, and sanpling and condensing optics.
Figure 4Aillustrates the rel ati onship between the

rowsg F0lMERResQh ilEertted, cofpadt PEckRERS B hO@IRCL Pectiitbier,
a wavel ength coverage of 6 mcrons, 1n.accordance wth

obﬁ*@s, a detector and electronics, in accordance one embodiment of the present invention.

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

Figure lSC 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

nvention.

10




~present invention. 10 Figure 4B illustrates the
rel ati onship between the rows and colums of pixels in
the planar detector and a wavel ength coverage of 4.5
m crons, in accordance with the present invention.
WwWOgue@0B4A i |l ustrates an i ntegrated, conpactpciass@gbngos
for housing a spectroneter, optics, a detector and
el ectronics, in accordance one enbodi nent of the

Pr €S eiurdsBVEMLLRR: a sy}st@rrﬁ'ogb;l Bl bodpths 84 §fticANcomponent to a

i nt egrat ed, conpact packagi ng for housing a

&@Eﬁ&;ﬂﬂﬁ&ﬁﬁ urt ﬁ%rﬂ Qﬁﬁﬁﬁh&g and el ectronics, in

accor dance a I ment of the present

compdi 31 lﬁ“%%w?ao% thl‘gﬂfél.‘ AEH58 B PLARLANC companontto
ector A u::e h}e&t rroenln%nwellm%naccor dance a still
S il o a‘é"ﬁb b bRp

e present 20 invention.

For RIEHE l'to\s“t% et E @%Pegeﬁﬁwéa%aCk%%m%be

electronlcs ccordance rth odi nent of
POt a8 avhetate e Bre Srepolgst oD A0l
PCT/U82005/020305 Figures 6-7 illustrate a ystem f or
al i gRigyee Bhidugsies pn apticahsrating f‘éﬁvenég %G%F’ at may be
substrate, in accordance with the present invention.
atigadrte ¢ n@untusing|thesalicamentsysiom shawt BFIgesgl hg and
coupling an optical component to a nount, in
accordance with the present invention. 5 Figure 12
illustrates a netal grating elenent with perpendicul ar
faces, that may be nounted to a substrate and used as
a conmponent of spectrometer 100. Figure 13 illustrates
an optical grating el enment having parallel faces, that
may be

11
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aligned to a nmount using the alignnent system shown in
Figures 8-11. 11 WD 2006/ 007344 PCT/ US20051020305

Det ai | ed Description of the Preferred Enbodi nent

Figures 1 and 2 illustrate different views of an

war wegebaspect ronet er 100 in  accordance W tFCiim005/020305
present invention. Spectroneter 100 is conpact (e.g.,

| ess than 192 cubic inches in volunme as described

bel ow), and qrefiRDIDRsdHtich WaNEPeRetNELDdOdheaf 4.5 or 5

nore mcrons. I n one enbodi nent, spectroneter 100

oper aj#ged Inantdl'?qlﬂshatetd?fférgm QieWs&F prmﬁﬁﬁﬁgﬁecﬁ’aﬁ‘letef {0(Fin
yet nore specific enbodi nent, spectroneter

RL6aRIE %vxﬂh@he‘]préseﬁtrl%lﬁﬂﬁ .niﬂggt?ﬁﬂécﬂ%o tlsh:%rrﬁ)aé Eger s éan 192

m cron range. In o ments, spectrone

OB AESin w)?;hén%s%sc%écﬁbéiﬂvﬁ | ncheg’g %a@elér%ﬂ:"r %e of 4.5 or

m cron range pect ronet er S an e

lﬂnlgtmlrl’x?) 089 L}lﬂ)méﬂ?,l Rgétlrok%{er %S@V&Pegat%éﬁqﬂe% t:?]ig 5]1§19r0n

OCUSI'NG M T T Of ur'é
R T S 't 1? £5 oM

SSIn rou slit 110 s refl ed b

B AEwp fg e oy B 1 S PR SR OMRIE 00
turn reflects at g%' me_radiation onto the
WETRE hyS Y P’Pf?rﬂ“fﬁ’@s 0 Péﬁ 9 K¢ GHGIOR BPBRct s and
focuses at |east, sone radiation at a first facal_ plane
160 aRertomelT dPbinclpdesn painaice L 19,5 coplppafing pigay l?g‘z ppBting
150 (which may be | ocated at _the first focal plane or
BAsndke focpgrgimimgs| 14heAy shaavndn Bigare 3y aidpass soragxadiation paseing
two- di mensi onal detector array 150 preferably has 128
througloslis 11 Sollbows preepticalpathi in vdighat teag sbme kagiabion pessing ghrough
enbodi nent a detector array that is 160 pixels w de
shity 1 100i9 refiexted by thie gbllimmtingmires d 20 onft thetpmatipigt] 30f whitlein turn
focused spectrum 152 on the two-di nensional detector

raflectsyat leastpoeé eadibby o thefoasthgwiitrtr FMOnivhigh inturmel2ds and

distortion so that a vertical average of pixels on the

| fakseot teastabihayadistion aesfivnididl glahe 160had oaante wao-dinengbim}

may be taken, or "binned", to enhance the
aiiag BBdetdcfor DI (S@hRAMhYHFEGRRRA 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 faken, or “binned”, to enhance the éignal-to-noise performance.

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

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

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

12
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In preferred enbodi nents, 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 nay be used. A
Wwoghereads out speed is preferably applied taedig200s020305
detector array 12 WO 2006/ 007344 PGI/ US2005/ 020305 to
further enhance the signal-to-noise ratio (e.g., 30

- ful f, ar. d |
iR O BR3P s for ofFR B bk engnc, o

ref.erabl e). t ient .tenperatur C i
Poreriag s sk B s SX5ReT dhi 1D Hob A Przple)r R Bt
detector_array in order to achieve.da tabi.lit .
ORI DEY B TSN FRROeOH SIPBHLEF foibddk amey in
fluctuation 5 conpensatiqQn tri ggered eriodic, .
oxg iy pchisye deta Y qQUEHoRtiNgys Blgfgﬁl% "E%P@ﬁr gtgmpticfluctuation
detector array, As shown_ in Figures 3 and 4, eacg
conpenmtiosioigesred Dreriodic 2pd/ esyerichestd 1aie a1py gped t salibraip he
corresponds to a portion of the 4.5 or nore mcron
deteatgearfhe t wo- di mensional array includes a plurality
of columms 150a that collectively correspond to
vav elAsshows infigw pehanidrig eachgolam® 15Pa inshetwe-dimsnsionghageay of
and each adjacent pair of colums 150a in the ) ]
dewotoghi cvergiondsth aportiay obfhe det @atape micrenyrapgs. I Bepuerdimansional
wavel engt hs that differ by an equal amount. In one

2 acbingend plutdiie ehedlnane 50l that cdlldtivelh eorcaspdrnidrimwavedengths
mrror 120, the grating 130, the focusing mrror 140

Didhitd e & 5108 tnofedaRtonphrgie panliGAcRdBacpiiPair oD odanme 1302 in the

volunme that is equal or less than 192 cubic inches in

o ZBmensRnRehRY bf Sdedi@V b cdrte@pind t& Aavdlfipts tha diEfeobnamequal
i ntegrated, conpact packaging 200A for housing

a?rﬁ)%ﬁf RORE &hbokiRent 38e MMelahceait PO B cERIAAAAE MiirSor 120, the grating
Sanpl i ng nodul e 210A functions to direct IR energy to

e =Sl t .
1 r:;»g,gtl]}? EH"{‘%%E‘F] 11140 Dm0 Firsh REAIARA S hre LBStiofedRh a volume

ouses the detector (shown, e.g., in

tg%t%]é aﬁd%’lesé?gﬂ 191‘0&@8%%i%m , the total volune

of conpact p agl ng ss than about 700 cubic
| nch %{Séfcrr'?‘ngc fo@%tfﬁéure 5A, there is shown an integrated, compact packaging

200A for housing spéctrometer 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 44, 4B). In one embodiment, the total
volume of compact packaging 200A is less than about 700 cubic inches. .A computer-
based control module 250 is optionally used for operating components in packaging 2004,
and for receiving data therefrom.
Referring now to Figure 5B, a further embodiment of an integrated, compact

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

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

13
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20 based control nodule 250 is optionally used for

oper ati ng conponents i n packagi ng 200A, and for
receiving data therefrom Referring now to Figure 5B,

a further enbodi nent of an integrated, conpact
pacioagiongs 200B f or housi ng spectroneter 100, p@susssslozozos
as ot her conponents is shown. This enbodi nent may be

used for surface detection, e.g., for sanpling a
f 4 . .
S8 G A, URlod 5 YR.2O0BL 004344, BETLLRANS! RO g

ﬁ?’@}f“sgf ® #fré’e%{%&?gg&?f %%}"?%ts%ugﬁgr@és*%@g‘{ ﬂ‘?‘&&%@?%w
i Bieah %ﬁqﬁaﬁpiﬁv‘%&o St i :@PT Eﬂ@f%ﬁe"{% s hdteis, o
re et O e R DB B8 1 Phged i odde 10f hsipe Hiusing

In one enbodi nent, the total volupe of conpact
BN ndn oRERhadimeal She tpiahvouBG O comgeet aTPEIng ﬁ@%gs loss than
and a conputer-based control nodul e 250 |g_;las shown_ i

mhoyt 78)gubiciinchep, ppdnennipiardated caRtred produle 276 (o éh%ﬁlrﬂé\r?ﬂ% 5A)

i n packagi ng 200B, and for receiving data therefrom
Rebtionally yseddor ansrating eqrepopents i packaging200B rad farpredingdnta

of an integrated, conpact 10 packagi ng 200C for

therefiomg spectroneter 100, as well as ot her conponents

is shown. This enbodi nrent may be used for neasuring a
cont i Refatiag yiownto/Figare SEnpstd] MdBer embodiiiest of@ntidetrated compact
the sanpling nodul e 210C directs and focuses | R energy
pkh@hg1 2000 or hidueiy spatroaeteC02ds3valing oftee ersmmbnerds sghown.
focusing lens 217) to slit 110 of the spectroneter

TRid enBodihe iy HeRisddTor Measinfige Seoifingously engvagsample! ¥ 6ufhthis

the optical path in order to continuously 15 neasure

&ﬁ%&uﬁeﬁ 1l saRlfihg ek DOTC &l a0 thcdded BR afi@gp(cigindfigk from
to al |l ow noving sanple 216 to pass through sanpling

243 Qfd forbRH bifinSRTRIRSe®AN 7RoSAt DD JTeRSPERBnRIEr modul
%?%%g %hemol n the g(S)ptl E?%Slepat hﬁt}& ng the enbodi ms:.]tmo e

SO e thd mBRGe SHRASS 15k ses fAGugh the optical path in order to continuously

measure sample 216. Slot openings 212A and 212B are provided to allow moving sample

216 to pass through sampling module 210C. Static samples can also be measured by

placing them in the optical path using the embodiment shown. In one embodiment, the
total volume of compaét packaging 200C is less than about 700 cubic inches, and a
computer-based control module 250 (as shown in Fig. 5A) is optionally used for operating
components in packaging 200C, and for receiving data therefrom.

| Referring now to Figure 5D, a still further embodiment of an integrated, compact
packaging 200D for housing spectrometer 100, as well as other 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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total volume of conpact packaging 200C is |ess than
about 700 cubic inches, and a conputer-based control
nodul e 250 (as shown in Fig. 5A) is optionally used

for operating 20 conponents in packagi ng 200C, and for
weeeiswong: data therefrom Referring now to Fcguusecesh2osos
a still further enbodi nent of an integrated, conpact
packagi ng 200D for housing spectronmeter 100, as well

$ic0 18 bt AFPAB SRR shetySR modul 0. S BAFRImdR P Btal
%sed r coﬁ)l;1 gngB éépﬁn

cting sanpling distant IR energy

sk SRR 1 P R 3 g

BRI seD BB R By hl oE e

t he total olu C act. packagj ng. 200D i s | ess
‘ioﬂﬁ’ﬁn%o‘ﬂﬁ’a%@ngg%@% aflﬁ(ﬂgﬁ é‘i"?‘vgﬁdﬁﬁ‘qi&%%b ‘er- based
control nodule 250 (as shown in Fig. 5A).is optionall
used Ff%ves&p@ﬁé{ﬂllw&a(@mﬁ% fﬁ?rsahglﬁ%g&wgzﬂwésaéoﬁﬁfa? Gofppofent

for receiving data therefrom 5 Figures 6 and 7

310/(ei84 pllimatipegyisnos i3G areting {3Prdoruaing mewerr ﬁg spgfirometer 100)
opti cal conmponent 310 (e.g., collimating mrror 120,
tgestbstrgte 880 (8., the bass ohspepirometr 19Qpingrccafamee pifhdhegpesent
100) to a substrate 300 (e.g., the base of

- igprativu. oinsne embodinent; the systeor Agne andonples opsicyroempppent 3 10 to

i nvention. In one enbodi nent, the system aligns and
subatyatec¥O0 oyithi aecigomgpian leadt 13 50nitons supositiomans GUU detebs ia
precision of at least 12.5 microns in position and
Dghidbortbagtiee sOptivalldbnpogedt 410 v inidailyahichined Gptni acadterial selected
conponent 310 is initially machined froma materi al

Bh Slain@thm, hlueinah MIGyS,bRainleds yigelnnioked| dopyyes pr drgliinme Sptical
steel, nickel, copper or beryllium Optical conponent

odhfpohdnt 810010 tith fakked td PmauiiBon)twhichhas WithchvtibRSutfadel 320a that
bottom surface 320a that defines a plane 320b. Mount

dB¥eS R8BS {16R R e Fbrnich FrofrDink QMHR GollERNiRE nddefials:

al um num al um num al'l oys, stainless steel, nickel,

QR ; alRinYidnl A1H{R, sthinleRDittHM nickbl H&'(@Hﬂbé@uﬁﬁﬂﬁ@ﬁiuhﬁ aluminum

graphite or graphite conposites. upl'i ng of opti cal
c%%gﬁfé?ggaplﬁﬂa%r EﬁpM&nposites. Coupling of optical component 310 to mount
3201s explafned 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
bottor surface 320a of the mount 320 at an angle perpendicular to plane 320b, and ﬁrst
and second screws 340, 342 (in other embodiments additional screws may be used) are
disposed in first and second cylindrical openings 350, 352, that extend through the bottom
surface 320a of the mount. The first and second cylindrical openings 350, 352 in the

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

oﬁter diameter of screws 340, 342.
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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 fl at
bott om surface 320a of the nmount 320 at an angle
werpendizedl ar to plane 320b, and first and =eEwEs6h5/020305
screws 340, 342 (in other enbodi nents additional

screws nmay be used) are 20 disposed in first and

i ough e 20D b e BT PR 00k R TR g 0

Oa of the nount.

Ty o BT

pﬁrpe A ane 320b and have
agef e e b, SRR o mpithitinth BBl giehic
3
erppECommPeiesn ey pdial nBRE S v?ﬂ%?fsm%ﬁauwg%gfm 300 of

fmwmdfrom M the fo Immn ter u

thg kPRt %{?&e 00tk egftes ﬂ%‘?ﬁge&n
berylliu titanium  al um nu 0|te raphl

PRipEs 304, 108eptsad fem thowppgr § e A Blsﬁ?tﬁE alg o &&SB%?&W at
fromthe per surface 300a of 5 the substrate into
a@@bﬂﬁpapéld&?@fﬁtpla@@@ Bl e perpendicular to pl ane 300b.
Threaded openi ngs 304, 306 extend fromthe up

sur f ZbenB0OS261s pdssionedwith werect taths wh@raéqﬁ%)tbﬁéwéulﬁtlwuﬂy
an angl e perpendicular to plane 300b. The nount 320 is
apigeing metabebd\Bi30 witheppeng 3420in thresubsitatss epening3G0 iptpe mount with
simul taneously aligning netal rod 330 with openin

tB@2detl ppértiey 30448 theatbsiratzpami apgniBS 852 in thdwwowns wvith thieaded

10 threaded opening 304 in the substrate, and opening
0pe@ng BO4 inehegabistiatar Whild the anceid20 pedsubgrB80B500 ave tlgned, rod 330
substrate. While the nount 320 and substrate 300 are

i®nk@a Ghio iHEyBaRical Spehing 802 Rdhd substrdtdrntit Vel Hottomcatface 320a
openi ng 302 |n the substrate until the bottom surface

o3 2Ranof cdnbR s pef Qitfads I®a o the WitiRRhte S Foll @it BRGmening,
the substrate. Following the inserting, friction

&L Rrdeh fhe'r 0813 APShd %@n@%’%ﬁ 1 Ghe3Bstialt ihhiBitSoB8i0R of Mount

|b|ts rotati on of noun

w—ipy

320 about an axis perpendicular to the planes 3002, 320a, and tightness between opening

302 in the substrate and rod 330 restricts lateral movement of mount 320 with respect to
the substrate 300. Afier 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 iltustrate a system for aligning and coupling an optical component
310 to a mount 320, in accordance with the present invention. In one embodiment, the
system aligns and couples optical component 310 to mount 320 with a precision of at least
12.5 microns in position and 0.075 degi‘ees in angular orientation. As mentioned above,
optical component 310 is initially machined from aluminum, aluminum alloys, stainless
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15 320 about an axis perpendicular to the planes 300a,
320a, and tightness between opening 302 in the
substrate and rod 330 restricts | ateral novement of
nmount 320 with respect to the substrate 300. After
wbheodsnsBu4 i ng, screws 340, 342 are rotated iprITOUS2005/020305
t hreaded openi ngs 350, 352, respectively in the
substrate, thereby coupling nount 320 to substrate 300

swel HicRel, Qdbpsiios b@wiim. athe htaiihing Zrchided @G dylindiesl dpesings
and 0.075 degrees in angular orientation. 20 Figures

332, Bl4] §1|6U§1t8r1ﬁ% rRatS¥d B P Ey 1RGN bG8 9 17,31 318 ¢rean
op i cal corrponent 310 to a m)unt 320, 1in accor dance

ieddaal b gvﬂf&%ﬁﬁérsﬂo&y Eﬁf #eQBr or aﬁmﬁ&?al SpxRels ¥BRl be L@ in

system al i gns and coupl es optical conponent 310 to

Bﬁﬂlﬂﬁzog 4 Wl dhi d;?gos}g% %} ?e)gﬁ]ldﬂéal a 378 3%}?031%?13@111 fihd?eR

pOSItIOﬂ an rees In an ar orienfation.

5 open ni t8I i ﬂl%qnz% 9191%% o?ncgloéorrﬁ}%en? %H&Oﬂ?c%d §4(Pe)£t ds away from a

alyma rom alfum fum alum num a

%ﬁg F‘-‘fﬁ‘éﬁg Bégai’o\ég% 20% 6{} ?:%Eﬁ%\%n%% %’Tjg%%g %e%%%ﬁ%? é ﬁgtl back

rm cylindrical openings 312, 314, 316 318 |n
S\”ﬁ"?el}g&eri al, wherein cylindrical openings 312, 314,

316 are thread (It nderst
or atferetHhdes %g%ﬁ# B‘Uhﬁ’c PREGHEP 3%'8’%?7] éﬁ&"ﬁw%’ﬁ nd
wi th mat ching_scr ndrical rod 370
figathe fighfeapt ﬁtﬁfae‘moﬁdmpé%q m@lﬂbﬁ@ﬁ.aﬁ@e 32@3?‘1%‘3‘{‘4‘{(%0 flat front
machi ned optical conponent, such that rod 370 extends
10 sufapg 320a0 tdeast o Biecporings 33 3241 374 1g themennd prefesahly pass
conmponent at an angl e perpendicular to the flat back
complbrlydhugaa thighuess o8 the nivwist, and first andiserpmd sereva ot Sppw) are
and openi ngs 322, 324, 326 that extend fromthe flat
réspentively dispased HBEGIitt aylindrisalapeningsd22a 324 436 & the mount. The
perpendicular to flat front 10 surface 320a. At |east
firstanddecoriescrzpa hhvigm BR2 diagRter ti8PRatchestan dnnep diatmeter of openings
preferably pass conpletely through a thickness of the
3304, 32amdthE intosihit. and second screws (not shown) are
respectively disposed in two of the cylindrica
15 openiNegsthd2dunt324.is grftiohed witleresiuio theldigical 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 compoﬁent with
opening 324 in the mount. While mount 320 and the optical component 310 are aligned,
20  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 310a,

'320c, and tightness between cylindrical opening 318 in the mount and cylindrical rod 370
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first and second screws have an outer dianeter that

mat ches an i nner di ameter of openings 322, 324, 326

in the nount. 15 Next, the nount 320 is positioned

with respect to the optical conponent 310 by
wiormésrarsaous!| y aligning the netal rod 370 ex@@EE200§/020305

~fromthe optical conponent with opening 318 in the

nount, threaded opening 312 in the optical conponent

r\é\%:}é(%? Ir:];lge?%] P%Q/?%lal{&gf 32 %dut lfﬂ@%ﬁﬂjéﬂ)gct 180 o?ﬁée@ 86i8sbnent 310.

he optical conponent wt openi ng 324

Ul ey 8 By
A OO M

cont.acts the front rface 320c of th :

it EFpROf st A griceps BEoghonanll tsrers in angulpr
rod 370 and opening 318 in the nount inhibits
¥EEEEPn of the mount 320 about an axis perpendicul ar
to surfaces_310a, 320c, and ti tnestzl bet v&eﬂ £ 62
cyl i agure & lypieas agnetal gratine element\§A il paregeiryian fpces P62
rod 370 17 WD 2006/ 007344 PCT/ US2005/ ozosog restrirﬁ@ In

-

J6dt bntahayrhpvaematad ton selisBataBRfsed 0P GATERONPTE Oh BREFLQTRCE

opti cal conponent 310. Thereafter, two screws (not

athanim Jormrthe grating dendnh B&D, & inass ofmeatertal (chAIRgUmaalpming gy,
respectively in the optical conponent, thereby

atloyy Isiaindpssruteels @0 compeopt tepdliumis st aehinesitto fym hfage 362 of
precision of at least 12.5 mcrons in position and )
{8 Préfingleignersa éylinddigliopening 330 ihehexiaid fromMhepAca intp the material
illustrates a netal grating element 360 with .
ek peNep&Hnaiculaa ReficedB2, andFaeher tylakirical ppdnings360 fasdecetying

a substrate and used as a conponent of spectroneter

EQQys (hét shéWiiaRat bReADf 6 Fie 361 Aitd thy matesintn tn 86l papendipslar
of material (e.g., alum num alum num alloys,

RlfReRteSA gliftlcal dHghkeh rod@BPAbWAY is iderydd inforde ¢ydinfricab t

machined to forma face 362 of 10 the grating el enent,

he materia o
material at an angle perpendicular to the face 362. A second face 364 of grating element

'?apﬁ;@gg its%’édcﬁ%at,%@ﬁ@ﬂ!h@ thsafiRe, iRAlligANER RelBexten@Bh Ac o B2

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 thexeafter 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 berylliumy) is

first machined to form a face 420 of the optical grating element, cylindrical openings 411

-~ (for rccéiving 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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 shpERmEjgues

at an angl e perpendicular to face 362, and further
cylindrical openings 350 for receiving screws (not
shown) that extend fromface 362 into the material at
an angle perpendicular to face 362. A cylindrica

vad pagoneysdd rod (not shown) is inserted into PO®RUS2005020305
cylindrical opening 370 such that, after the
inserting, the alignnent rod extends away fromthe 15

A7t @tiAdricat ali%grzé}{g?(l)cﬁl?@% ﬁ’l@tg%:d Gty ﬁ:{e c&%g%‘ﬂ?rla{?@%gg 3PPsuchithat,

second face grating el enen

APl %&%ﬁ&%@éﬁ%@gﬁfﬁ ok Bkl Bl BERARSE an el °
refRhal BTl o'<Bedlg sHRUBD o SRS e Tl RER:
R g £ p0BY SRl Progaita Secop Hsh Ta iRy pEFARlel fp the first

| umi nu al.um num_al | , Stainless steel, nicke
a0 S iR GIErTe iy 15 88 utfastin o iy PR BFG Clemes
420 of the optical grating elenent, cylindrica

112[313(, thrseqang &cg ey be pputigned kany ppelp Petiveen parallel

extend fromface 420 into the material at an angle
apd ppresndiular sithrespech btha it faged a further cylindrica
openi ng 414 for receiving a further screw that

ext eHinglly,fiowillibg eppraciged bt thoserskilled irethe art that clungsrgild be
perpendi cul ar to the face 18 W) 2006/ 007344
nRAT tUB2 e0bedIRABE Bescrilzd ab@yel witiwnt dephrting frgruthalbroadiveitiye
is inserted into the cylindrical opening 411 such
cotrzbi theradft étris tinderstorsicthernefoge, thet ihjmiresntion schodlifditekipained s
away fromthe material at an angle perpendicular to
pahieulbaasbodifentsAlischsed) duf ia drendiddioabvapiddifidatigisatitg the spirit
el ement 410 is fabricated using an epoxy replication
apd Sops 6f thSpresndinvation 438efiRY ihike Rieadddetaih the first

5 face 420 as shown in Figure 13. In further

enbodi nents of the optical grating elenments shown in
Figures 12-13, the second face may be positioned at

any angl e between parallel and perpendicular wth
respect to the first face. Finally, it will be

appreci ated by those skilled in the art that changes
coul d be
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turn” reflects at

made to the enbodi nents descri bed above w t hout
departing fromthe broad inventive 10 concept
thereof. It is understood, therefore, that this
invention is not limted to the particul ar enbodi nents
dicswéaaweds but is intended to cover nodifi Ccaldnousls/020305
within the spirit and scope of the present invention
as defined in the appended clains. 19 WO 2006/ 007344
Wed/i4 820849020305 What is clainmed is: 1. A conpact
spectroneter operable in a wavel ength range of 4.5 or
nor e 1, M &onastsps@oRkles bigibld ia v@d%l@ﬁ‘%tﬁ PAEC0.5 br mére
collimating mrror, a grating and a focusing mrror;
1R#fbnS, coBpriéing.WO- di mensi onal array of detectors,
wherein at |east sone radiation passing through the
slit : i . ' i i . t
ome (5 AR e RL N Ebime ) ek dpd Pralhe Wi
by t IZ@) £ oLdi&?ﬁs'id?lgll alal 0P bet QR A feihALdsf Ko m %ﬁﬁio&m%assing
east sone radiation onto the

SENG. M Lror I L. LUl e c . . at

t{]:gﬁé} {hl %ﬂ%ﬁow&iagigg%ccalﬂg%tﬂ gl \?thnrr:]% {aui %g%a%ts sgﬁxg gacfla%%g?)g%%ng

sonme ra n ne an

he .t wo-di.nensi onal,, arr, of 10 detectors. ere
dhegig SRR RR R i et Bt e dine VG dh Pop o
corresponds to.a. wavelength in.the 4.5 or npre m cron
rFilelscl pgl GO aHioR SRLp LR APCUSIPE By o EHbfedien Telinpls aay Fogyses
o& col ums_ that collectively corres oggnéﬁgﬁa%elen t hs
ak leatt APmAgTdisonats fisit forst BlangAnd ople theiNged A

each adj acent pair of colums in the two-di nensiona
¥$¥@F$of 15 detectors corresponds to two wavel engt hs
that differ by an equal anmount; and wherein the

ent r aersingiach colurppindky twondimpmriongl array of detprborg errgspepds to a
the focusing mrror and the first focal plane are
wayslengto ingtbie 46 ohinareamigroinganges thetwd-dimegtiedal ayray ingudasidan

192 cubic inches in size.
plurality of columns that collectively correspond to wavelengths spanning the 4.5 or more

micron range, and wherein each adjacent pair of columus in the two-dimensional array of
detectors corresponds to two wavelengths that differ by an equal amount; and
wherein the entrance slif, 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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20 2. The spectroneter of claim1l1, wherein the

t wo- di nensi onal array of detectors is positioned at
the first focal plane. 3. The spectroneter of claiml,
wherei n the two-di nensional array of detectors is
Wwogesieadd at a second focal plane that is aCTfo820e51020305
fromthe first focal plane. 20 WO 2006/ 007344

PCTI US2005/ 020305 4. The spectroneter of claiml1,
wherein all of the 4.5 or nore mcron wavel ength

range is between 7.5 to 13.5 mcrons. 5 5. A nethod

for gl ﬁﬂ@é&%@ﬁ@e&%ﬂhﬁ rl‘,gw]?e?ei? H%%ﬁiﬁl: 4 SQURRRER crdnCvaelength

substrate a precision o east 12.5 mcrons
rg%gg%&&éegq'%%g.&égngegr ees in angular orientation,
C rising: (a) machining an optical conponent froma
materi al selected fromthe group consisting of at

| east one of alum num alum num all oys, stainless

L, nigkel _and. 10.beryl Li b). Affixi

he. gt | cariiBraRrnEadonglit el gubrieafonstide
face that defines a first._pl in

A R R S CE Dk

surface of the nount at an angl e perpendicular to the
OFFRiaRON PURBISIIENd wherein at | east first and second
screws are disposed in first and second cylindrical
open(@ geachining 2B gptisahconoge Aroms meeris seleed Lo fsetowy

the mount, the first and second cylindrical openings

copsisting ofiguenst ongei plyminuiny aluenipian plays;stainless sieel, wipkelrGopreyr and
pl ane and having an i nner dianmeter that matches an
bepdlemm;di anet er of the first and second screws; (c)
providing a substrate having a flat upper surface that
def i (Dsffxispstheopticpl @nmgoeneniires mowmt having s flatbpitom dwifasq fthat
openi ng extends fromthe upper surface of the

defifs tarfit@lanatwherdiea cRhdscd sid atendatwayrfrantledlat bottom surface
per pendi cul ar to the second pl ane, and wherein at

off tRShounEfandngdePerpendicular 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) plositioning 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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third threaded openi ngs extend fromthe upper surface
of the substrate into the substrate at an angle

per pendi cul ar to the second pl ane; (d) positioning the
nmount with respect to the substrate by sinmultaneously
wbizopdiopng44 t he metal rod with the first openiray/isa005/m305
substrate, the first opening in the nount with the 21
WO 2006/ 007344 PCT/ US2005/ 020305 second t hreaded
s@HﬁB'ﬂﬁgadeH oﬁéﬁsalgfau B fiBdiGie, Bnt BRoAFGRANE APEB ndnd With the

the mount with third threaded openi fig I n the

tg#?ﬁﬁréa g&eopegﬁ%tlmbg%&gg mount and the substrate are

i'nse e cylindrical rod into the first
cyI|
ouri % hglgﬂ% 88‘&%&9{&%‘ %%Qg%tg &%%j;g{a'e my&ﬁﬁeérthé Efl}ﬂa%il 24 into
wher sefdd n
e ffiiRed & st é(}‘f%&ﬂlﬁﬁ*&?%%% TG ] Pt contacts
en|n n t bs its raot.ation .
tﬁ% b s*awi st Qv o e Fogpe Eﬂmﬁm the
nd plane htness etween the firs e
Frchionid AmChe B %‘?’i’g‘gtlﬂ @eéygﬁ%@rwsqts tPgEgoR %‘éttl? Pty 38out o
Iateral movenent  of nmount with respect %ﬁ ..
agisipetpendieulardp alefwstm se&ﬂl@(lewlalﬁ apd {ightnesy 'aqtﬁﬁffﬂ«fee popening 1
first and second screws into the second and third .
pesgyiligdricabradaestuicseleterdl moyerpen ghthe moupt with respect
whereby the nmount is coupled to the substrate with
tg thedulpstretsj aridon. 6. The nethod of claim5, wherein the
first and second cylindrical openings in 15 the nount

i ncl (Bleftarstty (Harotatigg theffirstsind sapad wuevetinjodhe swachd dnd third .
first and second screws have heads with a second

 thragied epersipg pespédtiatlyrimthe subsirhie, wieeelfyi thesmotms ecoagled kathe,,

whereby the first and second screws are aligned with

shlbrafeiwitht safipdeciterond cyl i ndrical openings in the
nmount. 20 7. The nmethod of claim5, wherein step (b)

further conprises pressing the.

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 ﬁmt 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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cylindrical rod into a further cylindrical opening in

t he mount. 22 WO 2006/ 007344 PCT/ US2005/ 020305 8. The
nmet hod of claim7 wherein prior to the pressing step,
an outer diameter of the cylindrical rod is greater
w0aweae3d4nner di aneter of the further cyli ndCra@ke0s/020305
opening in the nount. 5 9. The nethod of claim?7
wherein the inserting in step (e) conprises pressing

the ﬁyl i Bﬁf el G@hod Aiak? 7 WHehn ]%riorr 4 the Yek Al 1652 lan ORENdiRGeter

int e substrate, and, prior to the "pressing in step
of %): tﬂ% is %H:gfé? 1k af fnnbiBarhdebr e s ong E#ﬁﬁﬁ]cﬁl%eﬂﬁg in
rea an arm 1nner dianeter of the firs
ﬂ%eyllugqirlcal opening in the substrate. 10 10. A net hod
i gning and coupling an optical conponent to a
mount with a precision of at least 12.5 mcrons in
position and 0.075 degrees in angular ori entation,

CoDL 2! b Bod R e BB Bor PREAT ¥ g
e oA e s O ”E?‘hng%b m ”“”‘ 2 %ﬁﬁﬂfa e R e ey

machi ni ng |ncludes formn at | east. secgnd and
PreRFIRgING{EDi(Plelfn Quigr digsesisrof gﬂﬂuﬁﬁﬁﬂﬁl@dﬁl&#é? igjgreatey ﬁaaggp gmer
second and third cyllndrlcal nings in the material
digmster pf the dest cylingyica) opsaing i fa‘ rendr ical rod
positioned in the first cylindrical opening in the
machi ned optical conponent, wherein the cylindrical

rod extends away froma flat back 20 surface of the
opti tdl chmptodiitr digniag aaheuplinganmeticil compenenifotapeount with
flat back surface; (c) providing a nount having a fl at
afprefdionsff & lagse 1216 ehi@bdnd ie @sditidn and 10,075 degmes inauguddriorigntation,
cylindrical openings that extend fromthe flat front
¢ampﬁ§@§ into the nount at an angle perpendicular to
the flat front surface, wherein at |east first and

secopy nakhibig aR bptical doimpoddnt 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
matcﬁal 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
eylindrical 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,

23




10

15

20

cylindrical openings in the nmount pass conpletely
through a thickness of the nount, 23 WO 2006/ 007344
PCT/ US2005/ 020305 wherein first and second screws are
respectively di'sposed in the first and second
WI20080073¢0l openings in the nount, the firstPcs2005/020305
second screws having an outer dianeter that matches

an inner dianeter of the first and second cylindrica

FREBINTES ahdsdebid PRwtare &@ec@feﬁf&sp%&&ﬂn @R firs QG édoﬂ(‘i” ng

the nount with respect to the optlca conmponent

S daABRAES Yo @b HRBMNGe R alfﬂestet@r%] glgwg ﬁ&\ﬁlﬁg&p&t& d?o]a%eter

the optical conmponent with the gint

MRUBdtchel BEirRECANeE HraRdGs: 07 ?&'oﬂcg?)}lﬂti{;l&? nge%ﬂgg A tﬁg mount;

cgnponent wth the first openin I
the (QLTeE %%%gﬁ%ﬁ%@%g %hﬁéﬁ%%b% I"e‘é%%: wﬁ%‘””‘eﬂewwsenﬁm by
sty e IRARGT by o gront B Rl e i

surface of the optical,

t til
‘h’gmt“g trm O 8'5%"0{1?':@‘?&3%%1’6&'&%% {bg o SALOBERH vith the first
wh foll id t f t bet
PREREH “w?wtz?ncﬂl%ﬁ%md% e Fefhe gefeelgpmmmner e kit

i nhi b| ts rotation of the nount about an axis

SHeH OReARE i dke PEUEhe front and back surfaces and

tightness between the third cylindrical opening in

the Kooyl hromeyngand the pipficalcempprt are slignedt pressingdhedylindrical
mpvenment of the nount with respect to the optical

f%Wffb'fﬁ% Hhird cyHarrice) opsping in the mourtemtil thebarkisndadeivé teioptital

‘and second screws into the second and third threaded

copeenicnteoniaets fecirong sirfact af thivenoot whatingchitpeingsiid inserting,

whereby the nount is coupled to the optical conponent

fiigtion betaiedn theeylisirival ro@ adithe thitd epentidiadhahonit aihiitQotation of

wherein step (a) conprises machining a fourth

ihermemntsitbutyl inidpdrmalicalpenitirofidn aidigicRBlGict@dnd Hoess

mount i.ncludes a fourth cylindrical opening that

betwieentlis tHirdaylihdrizaf dp@hing (e nkitfzae el | RHifdrichABrol R ctsAbteral

an angl e perpendicular to

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, whetein 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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the flat front surface, wherein the fourth cylindrica
opening in the nount passes conpletely through a

t hi ckness of the nount, wherein a third screwis

di sposed in the 24 WO 2006/ 007344 PCT/ US2005/ 020305
WOaNM07844 | ndri cal opening in the nount, th@ChiSzag5/020305
screw having an outer dianmeter that mnmatches an inner

di aneter of the fourth cylindrical opening in the
RMNE1inSli@P ofdninglit! teh@funt, GRMF SehdWhdviigtnl cuger tiageter that
fourth screwinto the fourth threaded opening in the
ARENE 8 innEIITRARENYS theXodrth cylin@idABSpeAfhgQh thenfjub, #8p (f) further
wherein prior to the pressing in step (e), an outer
é_éﬂnﬁsﬁﬁhg fotﬁfngttﬁ@foﬁﬂﬂ!l R inbPthe fREth kS fifed Bh&find AR Phcal

I nner dianeter of the third cylindrical™ openingin
‘EE?O&QMnt' 10 13. The nmethod of claim 10 wherein step
8 urther conprises pressing the cylindrical rod
into the first cylindrical opening in the machined

opti cal conponent. 14. The nethod of claim 10, wherein

O OHa" oy ERFPRERRt Oy 0, 8n bR o Sl in QLR vt
BB Ghbel issh  ABoRBES, o s

nnnolltEic nmetal optical elenment, conprising:
IPEUAE MY tRG™M9"Hass of material to forma nonolithic
conmponent having a first face and a second face
opposite the first face, wherein the first face of the
nmonol i thic 20 conponent conprises an optical conponent
sel edbed Thomethpdotplamd Oodstrinstemiy) Srthsr conyuises nygpsing the
mrror and a collimating mrror, wherein the_ machining
dylindriselrod énté herfirst cylindsical opgringigthecmachisd optiggl egmponent.
receiving a cylindrical alignnment rod that extends
away fromthe second face at an angl e perpendi cul ar
to a plane defined by the second face, a second

14,  The method of claim 10, wherein prior to the pressing in step (b), 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 monotlithic 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 at 25 WO

2006/ 007344 PCT/ US2005/ 020305 an angl e per pendi cul ar
to the plane defined by the second face, and a third
oyl oerdraaal opening for receiving a second ECIesawdsizz05
extends away fromthe second face at an angle

per pendi cul ar to the plane defined by the second face,

3RO BEBLIA B 1ML Bl derhsd BPhESEBRU fabd, AR & BAAGYRUBical

consisting of at |east one of alum num “al um num

I e e T
: : . . : _ gy

pEbefiBE: 12 iR, BBl P DO A oo di SRR Bl iPscicctd

] . 2:CO t 7. Th Q i
B The Bk Eis 2ORR REHone S ipdfioped BRSO il ce,
fourth cyli %ri al opening for receiving a third screw
PH%?’%?P%H@Q gﬁé§m¥ron1the second - face at an angle
perpendi cul ar to the plane defined by the second face.
15 18. A nethod for form ng an optical grating
el ement, caonprising:. machining a s of material to,
for m W+ i G Tefbed i iidﬂter%ff%n&iwwss% wHRgnglepoint
first cylindrical opening that extends fromthe first,
figmend Rirging (eform beth the firgtiand pecapd)fages of dhegrongiithin metal optical
the first face, a second cylindrical opening for
FUERINGNlng a first screw that. extends fromthe first
face into the material at an angle perpendicular to
the first face, and 20 a third cylindrical opening for
receiving a second screw that extends fromthe first
f ace 17.nt cltehmetinalt of clath 15 whemindheynechirenpie maitherhsed tq form a
the first face; inserting a cylindrical alignnent rod
toutrth oty helrfchlrapening for nateivingla thipksvrevgthavdxemds ayay fadn the second
the inserting, the cylindrical alignment rod extends
fasayt doradgletibfpendititaritaithe plan@tefined by the second face.

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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angl e perpendicular to the first face; 26 WO

2006/ 007344 PCT/ US2005/ 020305 fabricating a second
face of the optical grating elenment using an epoxy
replication process, wherein the second face is forned
wooemearBesi n | ayer bonded to the machi ned ratrarse@bm20305
and the second face conprises an optical grating;, and
wherein the material is selected fromthe group

consi §bkadn2h s@bnd £8SEF b1 & ’ B e%eﬂ%nﬁg%ﬁf?ﬁ}%ahm

al l oys, stainless steel, nick copper an er )
Procesd Wohe PR BQeddhd @c?is%ﬂl‘?&ﬂ 4 feki 1%%% HoddBER t{l‘é Bgch' ed
conprii ses using single- point dianon urning to rorm

. opntical g | . 10 20.
REASHNG: KRG8 Ble A B SR AkhRTa ! SO 1
o s D sBORRL B B 52 SR
bt dRapt RS S St AL SR el ARAESD, 1
greater than an inner dianeter of the first 15

cylindrical opening. 22. The nmethod of claim 18,
wherein the first face of the optical grating el enment
is pér peddr &5hed of glainh S, sdersHpaiddachining qeEbHpRsivging single-
grating elenment. 20 23. The nethod of claim 18,

g nd frarning e form dhesseendifpce of freioptical grating elgmentenent
is parallel to the second face of the optical grating
el enent. 27 WD 2006/ 007344 PCTI US2005/ 020305 24. The
met hod of claim 18, wherein the first face of the

opti @8l giht imethod ofcteint 1§ whapein thetiestrtbng skep fathgl eomprises
bet ween zero and ninety degrees with respect to the
messing thd aytiedridal 4lipamentpbd mad the fisdt cylindet opating.

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

pexi)endicular 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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