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

I nvention The present relates to infrared

VWYYt ers, and al so to systems and net hoBETAB005/@0305
manuf acturi ng and assenbling optical conponents

i ncl udi ng conponents that may be wused in infrared
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infrared spectrum and these absorption features can be
e in infargd sectromeiers. i dentify chemnical species. The
first mass-produced infrared spectroneter was not
built until 15 World War Bdckemwed the US Office of
Rubber Reserve identified the use of infrared
‘spectinfisred pnecasscepy fefl fite otigmevhve AVidlidoHensdebdisdowered bptical
conpositions of the synthetic rubber conpounds, and
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capable of operation from1l m and beyond. Since 1950,
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both the scientific and engi neering communities. The
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the optical dispersion of infrared radiation by rock
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c‘ﬁ%&‘af RELE r'Fherﬁétgﬁﬁgpﬁﬁﬂed%g@éﬁ@%me@&%a%&%uﬂt until
World War II, when the US Office of Rubber Reserve identified the vse of infrared
spectroscopy as an eifective means for measuiing the compositions of the synthetic rubber
compounds, and demanded the development of infrared spectrometers capable of
operation from 1 pm and beyond. Since 1950, infrared spectrometers have gained wide

acceptance by both the scientific and engineering communities. The first generation of
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these spectrometers ufilized 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 éarly 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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in a space larger than 7 to 8 cubic feet in volune. |

WO 2006/ 007344 PCT/ US2005/ 020305 1In addition to the

di spersion-based infrared spectroneters, in late

1960s, with the advancenents in |lasers, conputers and
QR WoR0GH4ge devi ces, a new type of i nfrar edPCT/US2005/020305
spectroneter based on the principle of optica
interferonetry, was devel oped. Due to the conputation
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instrunents are also known in the infrared
S
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IR spectronete ave provided highly inprove
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useabl e SFQCtra fromsuch an_ FTIR spectroneter. Duea%o_
roquires; that gitipteevepiBntal gante be ebgervied duiinedheingpagtionn Jhis s
all the related feedback and control 15 el ectronics,
berafsEItR intsrfatomptriganegmaebeynicasioe the oxabrpag AbEVogRiical beams
occupies a volume of 3 to 10 cubic feet. For many
witlforing distamcerof balf 2 weealenigthy i eunalpnetibion iy e micsRageter yepge. In other
abilities to detect the infrared spectral signatures
whrds hayintiabts clomgeshe tedefhpaaiueroriany srhal amomspfabmetignswould
hi ghly val uable. These types of chem cal information
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adstilein fadure beobirie dsebide epics fomesutiham KRl speofroB@ieroPuato the .
production process, or to evaluate the danger to
aRpHeRGEn of theojtial irrfafoater Hal e relatetlieedtack el control

limtations in size, weight and ruggedness, infrared
SREfdnicR BRI FEMNR wBidVI9 wdihs BREANI S0 to 400 pounds and occupies a volume of 3
to 10 cubic feet.

For maﬁy modern indusirial, security and military tasks, the abilities to detect the
infrared spectral signatures of chemicals on the surface or in the atmosphere is highly
valuable. These types of chemical information often can be used to determine the quality
of a production process, or to evaluate the danger to approach or enter an area. However,
due to the limitations in size, weight and ruggedness, infrared spectrometers have not been

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

as an off-line or laboratory validation tool.
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Wi dely used as a first-line detection or nonitoring

tools for these applications, but rather as an
off-line or |aboratory validation tool. 2 WO

2006/ 007344 PCT/ US2005/ 020305 To alleviate the
YO2046/00Z%4 | i i t ati ons nenti oned above, it WORLTIU$2005/020305
desirable to develop a sensitive, |ight-weight, rugged
and conpact infrared spectronmeter capabl e of

det ecitd figviald %eﬁﬁradtféﬁ"lhhiaﬁbﬁ’sgmgiﬁfoﬁéf fhbe, GRAIEBY desirable to

speci es under Hostile service conditions. To achieve
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requi renents for field applications. Another

wemsy ddfeant aubstandeat ed to t he econonics of the

instrunment is the ease of assenbly. Inside all the

i nf r dWeitk i padd bostmightforwand toyyse thegrineipies behmnddn ¥R to build
optical 15 conponents found are made of gl ass

smdlef spabigomafre tHaetovied a whletrlie of the infearddipectaing ierlowvesistance
instrunment or the mrrors within an FTIR, these
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mounts before they can be secured and then aligned.
iﬁgcgﬁﬁgracy of the gluing process, the possible

shri nkage of the glue or epoxy and the chipping of the
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of the final alignnment. As a result, these 20
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ter“leaving the ass i ne. Even

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. As a result, these
instruments need frequent maintenancé or alignment after leaving the assembly line. Even
during the assembly process, highly skilled opticians are required for proper alignment of
all of these optical components, making the production more costly. The present

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

Summary of the Invention

3



during the assenbly process, highly skilled opticians
are required for proper alignnent of all of these
opti cal conponents, meking the production nore costly.
The present invention provides a solution to these
and ot her shortcomngs found in the prior art. Surrmary
of the Invention 3 In the present |nvent|on
In @ E%@ﬁ@ inRREGT b ORI spgﬂl%ﬁé@ Qpérzﬂ)lealn%%@lel eazg]fqej (9‘ more
nore mcrons, conprises: en r e slit
ml%fo‘&gqunFle‘ﬁ‘tsl ng mrror, a grating haV| ng a gr atl ng
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at @Zgg‘){& @%ﬁg&égg&; z{yjo?\ﬁ@tecqgrs »ﬁlere(f\rtlﬂlp St slgnlteﬁalea{\gs%1onpa331ng
refl ethr@mhblye dib élloek lan npﬂqahgatlinnrwlﬁch Qi a Iéah&ogfeaﬁdlﬂg)n
surface vvh at .l east sonme radiatjon
ont o piieFiheb T st B ety B SpimeGimp ey pucie S
f ocusasfaad whlehmﬂuﬁﬂaﬁecrsad ieaitis@fie Aliafod 6@ the fQQahe Riredre
and onto. the tvvﬁ sional array of detectors,

wher el'Ai°P HeBgtre QRS 2 Lopft sAmegAdipEAn 3 iRy Tqopleplane

opti cald ¢ad the @ﬁ@-&ﬁﬁen@bﬂiﬂ a3 oL @idh IR HREE e l2Pleadt Qorhbre
grating surface w thout passing thr ough a dielectric

mat er TRt folPwing theaptical gpth Rssesriraon e colfjmaiivesmisiop irahe

ar r ay g@fin AR HRGEH AR GRS ESRODES: difedic Wa¥ghength in the

4.5 or nore nicron range, the two-dinensional array

i ncYhsERis cagh poluma i thy twopdimendionsharrayledtieteesdrs eatdspeiy o a

t spa

wa@@iﬁgﬁlﬁﬁ?gﬂé té'Q)r %Yee mﬁ@’rljéﬁ €] eacﬁb ragn%llglgﬁ a?ra? 1nc“?d’e§ a plurality
of eafjinpsiteat PQiletthGItheSdmﬂEn shorkaletha snaazyng;lfhe détoe ofod tBicron range,
an g R 8FRRNS Rl O SRR o B B e RPR 2
cormgspands to ttvh aragaiatgtha that dilifer Byamieg ) gmbunt; 06 and t he

furqt f.ocal osi.ti.oned.w.t.hin. Lume..t hat
h&fférf t F:ntPaggess%[t a'g%co%ggatljég Bt}qur, H}g ﬁgﬁgng r{he ocusing mirror and the
ﬁrst focal plane are positioned within a volume that is equal or less than 192 cubic inches in

size,

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

mai nt enance on such an infrared spectroneter, a
push-and-I ock nounting schene is designed for optica
conmponents and conponent nodules in this

VUKt er. This sinplifies the assenbl i nPQIfuseWs420305
and at the sane tinme achieves pernanent alignnent

wi t hout the use of welding, brazing or gluing. In one
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sophi sti cated optical testing for quality contro
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PCT/ US2005/ 020305 _ entrance slit, a collinmatin .
peition of thet. 3 prpiegnicnraegLha granimenyionah aray \npipdes aprality of

pl ane. At |east some radiation passing through the
celuinps thet ¢odiaesively copresnond toyuavelengiheppagping the 43 e mers fpicron

radi ati on passing through the slit is reflected by the
rangk. andresdhragjagent peir oberlemusio thertwoidigensiongl asreyioh detedters may

reflects at | east sone radi.ation onto the focusing
codrespond towrivelangths theirdiffs byehleewdl smawrd. Tbe enseancedlit|teaast

sone radiation at a first focal plane and onto the
cbN¥enatinl MeAs| the gratiag, iy foofsimpatieot endthé fist Gvahplgneses positioned

| ocated at the first focal plane or another focal -
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vathaevolubathi B ebuiror jess thivel SOwabidiimohas iniva] ardrprefyrablfy satisfy
detectors corresponds to a portion of the 4.5 or nore

sBh& bOdll sRARIRIIoWRE devign tHgidsdneal array includes a
.plurality of columms that collectively correspond to

vaveh efaERS HBAS e REmpintt sBoudd béBEBlyHrefiged, Y crosnaik,
and each adj acent pair of colums in the
vhiRired FRB&IANA kraRintid¥orind FE bR SShB®Y be reduced or climinated;

2. The spatial and angular arrangement of the coﬁlponents 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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correspond to wavel engths that differ by an equa

anount. The entrance slit, the collimating mrror,
the grating, the focusing mrror and the first focal

| ane are positioned wthin a

QO OR4E | sequal or |l esst han192 cubi ¢ i nches PAT/AB2085/020305
and preferably satisfy sone or all of the foll ow ng
design requirenents: 15 1. Spaci ng anong the

SREFH) So 5 \bchidily bh @Biiticiendy Feldy8@shd ERbuset 08®-thédwir

undesired reflection or transm ssion and/or scattering

Brienti FhaPiirdy @2 USEHor8 (orShirdfb D @Hin®eh) at the sddofd ERal flae; and

angul ar arfangenment of the conponents shoul d produce

the desiy u%vsgémaf&eﬁ%gfeme _tﬁ@eﬁtﬂ@wﬁhiﬁlg gpﬂlé’fwo-

array) W thout excessive aberration, suc
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infrar n i.ng..t it .
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C is situated .at.a second fogcal plan .

pg%rﬁgargﬁmggé %%E) HJémfnia} QN0 cﬁ%grlnmb 59, ﬁlgt)a, \petr?]cél?average of pixels on
rrangenent of the.. conponents ef er abl | ows. t.he ..

i, At i) (PP RIPBE [Po B ot WEpgta) pay i Biken(on hintaed”, to
WD 2006/ 007344 PCTI#SZOOS/ 020305 (spectrograph) to be

caBire theatgel lonNiFe OFFPEIaBeR | v rel ayed and ref ocused

onto the two- djnensional array of det e_ctor(rc, (or

i nf r 4n agrordanes wifh s furthereaspect dhaPreERENVEigR & diggcted fp.a method
focused spectrum preferably utilizes the entire width

for aligningtand coutiling A pRsisal compoaent & 2 substgjie With a rasisionr at least
that the spectral resolution is maxi m zed; and 5 5.

 Indemirsingtin posftioniaed DOEH degieespr engulmotentativs. An optical component

two-di nensi onal detector array is preferably
inmechhatiiomi mipteriahsebmied drommauginsitn pluinimns glaykzstaigless steel,
vertical average of pixels on the detector array
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or "binned", to enhance the signal-to-noise
etfosurfasciat defing @dstghéune.e Avdylibdrival rod ekendsasipg dtom thh élat
present invention is directed to a nethod
bottom surface of the mount at an angle perpendicular to the first plane, and at least first
and second screws are disposed in first and second cylindrical openings that extend
through the bottom surface of the mount. The first and second cylindrical openings in the
mount are aligned perpendicular to the first plane and have an inner diameter that matches
an outer diameter of the first and second screws. A substrate is provided having a flat
upper surface that defines a second plane, wherein a first cylindrical opening exfends from
the upper surface of the substrate into the substrate at an angle perpendicular to the second
plane, and wherein at least second and third threaded openings extend from the upper

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

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

6

fidad,coprnodbargliton.. Theomakconpoetre inpffijedtay myent lekenga flat .
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10 for aligning and coupling an optical conponent to a
substrate with a precision of at least 12.5 mcrons

in position and 0.075 degrees in angular orientation.

An optical conmponent is machined froma materi al
WOI2005t08t$844 r om al um num al um num al | oys, st aPCi/E®805/020305
steel, nickel, copper or beryllium The optical
conmponent is affixed to a nmount having a flat bottom

U iR SR Abdperial i8s s@stfr:!tté She RisBARnind ik kiddhi Wil the 8sbond

extends away fromthe flat 15 bottom surface of the
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and at |east first and second screws are di sposed in
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roug tom surtace O e nount. I st and
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erpen cu ne*an ave an |nner
ace Oéf %ﬁ'ﬁtu@i FO c%srﬁe g]ﬂ:gg? tge su'ﬂei{r/elz B Golln tfhe {n%rtmg,

20 h f
e e “@J%&%p@&e‘%ﬁéﬁ?xﬁgwg e°°8§fw¥wﬁx‘%ﬁf fotation

-cgpper surfacelof t he sub tr e into the substra %ugh%less

rRCTREHTS 2DRYE ps Rpedic e SRt NI £FES: AR
wherei n at Ieast second and third, threaded openings
begyeen dher s ApeRaS ijpe pubsile maghige aflmfiﬁ%ﬁ syhrestrigte ‘?"f%t
the substrate at an angl e perpendicular to the second
mpvgment of thsmeng ithiresppel o the svlstraii Aiter e pserting.ghe figst and
substrate by simultaneously aligning the netal 6 WO
RODE/s06WS art roiEEd se GB5LeRd 30dthind diteaded Apenings fgspegtively in the
opening in the substrate, the first opening in the
subsirate, whedeby the mosoiin doupldirte dbedbshpenwitigsaidpredigion (i.e., at least
substrate, and the second opening in the nount with
Ihemidabmsdn pasitionade 6.03p degresg in mgnlee osertionat e. Whil e
the mount and the substrate are aligned, the
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cyl i.ifaéoedanteoslith & stilnfrethéra@pdct) tle irdventfinventiorcigldinded ©a.......
opening in the substrate until the bottom5 surface of

thbtBod o Bligni ¥nd @baplinB @n BpRal catohat g ohotitavigibpiecisior of at
Following the inserting, friction between the

16Xk 1 N8 kiligrhs ih PEsiRarldVe0 75| deSleesiR QRN orinthiich. SAKDSHtical e

inhibits rotation of the npbunt about an axis
RAPBBAH iGHiRnell FrobBuinliS! aldRthuiLEI0HE] siRlnddde Steel Ailekel, copper

tight ness

or bgerylhum. 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 co:ﬁponent at an angle perpendicular to the flat back surface. A
mount is provided having a flat front surface and at least first, second and third cylindrical

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

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

7
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between the first opening in the substrate and the
cylindrical rod restricts lateral novenent of the

nount with respect to the substrate. After the
inserting, the first and 10 second screws are rotated
Wer2806tB446econd and third threaded openi ngs PCTAIS2005/020305
respectively in the substrate, whereby the nmount is
coupled to the substrate with said precision (i.e., at

the Bdlnt phes RNIPIRELP AR ailgh aRRiSkilcbPOY 1R Wlodht hbd HRARE Skohd\screws
angul ar orientation.) In accordance with a

&t Hs{aécﬂ(rélﬁ Bsp SRR ifthe fiksp ﬁaﬁe&ﬁﬁ%ﬁﬁdﬁ\éﬂﬂﬁeﬁﬂgé ﬁ,tﬁé H8& € The
to a nethod I I

for aligning and coupling an Optica

ffg ARERhd Qe s ARM R oifef Bafe Olﬁ%ti?r%dtgiéa af ifbr didmetbC@ e first

. mcrons I n position an rees In angul ar

| Sl sERRALL oA O AGR Y SOTALNRM: the TBR A RSPl respect

um nu oys, ainl’ess s e
C er. .or_ber i um .. The hi ni i f or m

GIRR iy SprpGieh b ST itotpe 6y oAt S SRl ST e

in the materi erein, the,second_and third .
oot PR e BEd feingds 1R Erna e tooud e gpening in the
cylindrical rod is. positioned in the fi.r cyl j ndri cal
bttt 188 s BB R RE Bt PO RGO HELed Repinf A te
the cylindrical rod extends away fro flat back
apficplcompesent W, Haﬁtsmogﬁ OBEHR AR MOHOT. o} il Haegmount and the
perpendi cular to the flat back surface. A npunt |s
entistli componsay e gligned) the oxlindrical sqd i pressed info Hie thigggylindrical
fast, second and third cylindrical openings that

epcnizg dn the onpuntintil thetbask ypfecesefitheaptioal sompenrat ermtasts thg front
an angle perpendicular to the flat front surface. At
$vefast offthe mourndn Bolbwdog the disetting, fpibtiondictwsen diie eyjindnigt fodand the
openings in 7 WD 2006/ 007344  PCT/ US2005/ 020305 the

third lopenpzsia tioomlng frblibyts tétatoomgif the thdving kroms sn ofis pdrpendicular to
mount, and first and second screws are respectively
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this Sipotsamd back dubfecdsiand tighamels barwesndthe thivid egikindrizhl apesing hothe
in the nount. The first and second screws have an

At andlihe BRliekichiad resmicaieerabnovenital ofthewmmine rwithfredpleet to the
first and second cylindrical openings in the nount.

HiRhL cobipEndi® UTheréaSte) @ firbtQAE Secdhd ftrdvRsideftatéd fnfd théisecond and
opti cal conponent by sinultaneously aligning the netal

thod tiexdae dhdishsk k@PRdiRELy 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



10

optical conponent with the third opening in the nount,
the second threaded opening in the optical conponent
with the first opening in the nount, and third
t hreaded opening in the optical conponent with the
YO8k Edeni ng in the nmount. Wil e the nountPERUS2005020305
optical conponent are aligned, the cylindrical rod is
pressed into the third cylindrical 10 opening in the
cPRReal R phrherdt RGE IACK B 495 S0 tht BRoRPECE & anc@gieonent
contacts the front surface of the nount. Foll ow ng

iA3a1 | trieh t | yiRdricEPdpehi@f for
pgﬁgm%lﬂﬁeﬁ t% h ?r de ?L)foﬁerfr%lEl Eg E}e%&%o‘#g %r?g’ua:}t%c@r?hc:ybi ts r cl))t at |g|o n

rg%gﬁ%:acﬁgﬂaevﬁm%teﬂgs %I?&i ;i diethl §§.§h& B8 bt atnoangfe _tbr%éxgﬁcﬁdﬂﬂar to

surfaces an t ness tween the thi

ARG BEL I 0 0 Dl By

respect to the 15 optic cQ ent .. T
SPiEPE S o e P B B g SRR on MY b et e
nd hird t hrea openi ngs ,r ectively d.n t
EB e Y OB oo M BB IT e AR gr feoof ok el plgment
the optical .conmponent, with sai recisio i .e., at.
pahsperpsnoyliicp ittt fasso oy gpele Beroes 13&%"&1’8@??5“&“1“
angul ar orientation.) I n accordance with a stij.ll ‘
f ur t Fegecaigrgerwith yeba sriheraspedt, shreseghmyentign i‘seciﬁeéfad Pt a
20 nmethod for formng a nonolithic netal optical .
restiadeior formingas spiadal maties slamenteAgnass obmafsiigl (Frg. glrlﬁlfﬂﬂ“ﬁb m
all oys, stainless steel, nickel, copper or beryllium
algnirrero lallewsdsteipless sivehmickeip prpbin dyiberyélmep dhmachineshye fyme first
first face and a second face opposite the first face.
fiteefthier apticdl acating letrent, afirsd bylindiien! openingrtbattexteadiliomn the figst
focusing mrror or a collimating mrror. The
famecihionhewgatesal as adangte ffearendieulfs to she foyt faceda pesahd expiodiical
for receiving a 8 WO 2006/ 007344 PCTI US2005/ 020305
dphih g trirecatvirgd 4 frsnerdw tharbxtehdst fren therfitst faweiytoftheonmateried at an

15
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second face at an angle perpendicular to a plane
Aelipagandiyulihie tieaiorakef fe, thitd sgmearichl oydnimofor wadiving a second

opening for receiving a first screw that extends away
dreanuliiatesecrnd ieanst fade i taNgaterid ef pemgieqpetpanditudar 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.
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the plane defined by the second face, and a third
cylindrical opening for receiving a 5 second screw

that extends away fromthe second face at an angl e

per pendi cul ar to the plane defined by the second
Waees/of]3ter nati vel y, the second face of the PEWU$A85/020305
el ement may be perpendicular to the first face, or

any angl e between parallel and perpendicular. In

accordance W th yetrd Deadriieh ofBBEsdwing1e Present
invention is directed to a nethod for formng an

opt | GRdyrd{ Alan bk &R of 4h m&d%ecﬂ%ﬁﬁ{df lacéRddhce with the

al um num 10 al um num al | oys, stainless steel, nickel,

%Qﬂﬁﬁ peryllium is nachined to forma first face
2 e optlcal gratlng el ement, a first cylindrica

ot o Bt 4 o RAENE %%@%%%@%cg pitopg B BT
i r 8ke 34 ﬂ%ﬁa%aﬁowaagﬁ’fef’gﬁq o4 fanpF e %déa‘fmﬁé%thtehé
mat er i IC%(perg lculgr to the first face,

sHrsromers oy i pordgnsik gp ﬁas 2 second
ot o iTe 4 Tl ds%%%@m?%w?%{ & gpiarad o ofnjegsin

A cylindrical aI | gnment rod is inserted into the flt{:l
the plan dptectpr adanyavsienstiysayeEtss, of fraigions, pageprdanceivith the

" the cylindrical alignnent rod extends away fromthe

meserlinygmtiont an angl e perpendicular to the first face.

A second face of the optical grating elenent is

f abr iFégredB ibisigesthe winiopship petiveen thoroysrand edsmnyplenizdlnin
the second face is perpendicular to 20 the first face,
théplaas dotgclof ardle Wayeleogtinedveragsmfd. Srneistons,|im yesordaneediith fho
the machined nmaterial, and the second face conprises
pacsenidhvendbn.gr at i ng. Al ternatively, the second face of
the optical grating elenment may be parallel to the

15

20

firsFigeetA ilDstranyansingbetddetongant papkdphigl for hompiflg a spectrometer,
per pendi cul ar. 9 WO 2006/ 007344 PCT/ US2005/ 020305
dpitLh dBester andtdefiotits, ihsechbidavicngs efibgiihent bf the padsent invention.

isometric view of an infrared spectroneter in

ac COoFamns S8 WMistratbd 8 integrated, compact packaging for housing a spectrometer,
opt'ics,' a detector and electronics, in accordance a further embodiment of the present
invention.

Figure l‘:SC illustrates an integrated, compact packaging for housing a spectrometer,
optics, a detector and electronics, in accordance a still further embodiment of the presenf
invention.

Figure 5D illustrates an integrated, compact packaging for housing a spectrometer,

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

invention.

10




present invention. Figure 2 is a further view of the
infrared spectroneter shown in Figure 1. 5 Figure 3

is a diagram showi ng the optical path of infrared
radiation in the spectroneter shown in Figures 1-2,
WRAGsAMIH4 ng and condensi ng optics. Figure 4PCT/US2005/020305
illustrates the relationship between the rows and

colums of pixels in the planar detector and a

wav e Reggéd6-¢ flistrag & spdend foratipiing and dcouplinpandatica compdnent to a
the. present invention. 10 Figure 4B illustrates the
Jubkiidkd, aNscobidake twidehe prbsent BiventidAd col urms of pixels in
the planar detector and a wavel ength coverage of 4.5

M Cr GHgured 11 PARSEAAR §BteM fob alidifng PARE@Ilng il bBiidal Edtnponent to
Figure S5A illustratesan i.ntegrated, conpact packagi ng

Jﬁbuﬁ%%&éb&iﬁpé@ﬁﬁﬂe%&ﬁﬁnvenﬁ&ii Cs, a detector and
el ectronics, in accofdance one emnbodi nent of the

pres %%%rée g?’ﬁfﬁgﬂré?&' a metal %ht@t}g éfe OF l’vjﬁ% ggr_ﬁo&ﬁﬁ&ﬁar%es, that may be

i ntegr conpact packagi™ng ng a

ARG JS%%&&}%?@ héée?as%c%@%&n%hféfgﬁ%ﬁle%ﬁétﬂm cs, In

‘accordance a enb e present
i nvent.i on., Fjaure 5C i.l l.ustratges i [ .
Compait 1 TS aAspli g bERethobith Bl Hocs, ot may be
. detector and el ectronics,. in.accorgance stil
e G Bonsb BnehE ShianE SelaREs B ERRS 3 on
Figure 5D illustrates an integrated, conpact packagi ng
for housing a spectroneter, optics, a detector and
el ectronics, in accordance yet a further enbodi nent of

the present invention. 10 WO 2006/ 007344
PCT/ US2005/ 020305 Figures 6-7 illustrate a systemfor

al i gning and coupling an optical conponent to a

11



substrate, in accordance with the present invention.
Figures 8-11 illustrate a systemfor aligning and
coupling an optical conmponent to a nount, in

accordance with the present invention. 5 Figure 12

WO 19840a4es a netal grating el enent with per BER@IS205/020305
faces, that may be nounted to a substrate and used as

a conponent of spectroneter 100 Flgure 13 |IIustrates
an opti cal Agtaleg 1ox ¢ iPrag i
may be aligned to a nount u3|ng the allgnnent system
showFigured] gnd 28luSratd diffeeniNGe RO Gh QEBespectrometer 100 in

PCT/ US2005/ 020305 Detail ed Description of the
Rycefdetideadthhd pdianevedtiogl Speirdbmatee 1D ik kénipdct 64, less than 192
different views of an infrared spectroneter 100 in
abioinhches devolithdlad dégerfbicd HEIB), iald Sitkatidin aSPAGlch SR e of 4.5 or
100 is conpact (e.g., less than 192 cubic inches in

MolefilRrons. Mame binBediney, PMtrorAdtél 100 Spakiein the .5 to 13.5 micron
wavel engt h range of 4. 50or 5 nore mcrons. In one

ﬁﬂg@ﬁdnﬁ@tyet SFBRGHEGHBERbodhRh QPSR 100 B]Sla?atg,s A 4'%or more

1375 mcron range and, I1n a yét nore speci

ﬁi@&%‘ of Bidt7.5 t%g@%@ﬁf@tr%; oL 0o RBSLALEnehf2, T‘beétr%etgﬂroﬁ

5"m cron range.

ﬁ’épa‘?&' i8Rl Ph&é)g&“ﬁi‘g‘%@%}% 3% 4 SRR RALER e' n 4.5 or nore

5 mcion rang Spectroneter

e Léb%it%ﬁe%ef%? gty skt o, Rmelp iR 129, o i

3 ome r adi

Hnd o 0RE Bt ’309 rs%#:@v‘%ﬁ%wxg TS &ﬁoalgﬁaﬂﬁgﬂolﬁ besping
el 11D R s G B eh 1 VRRae: s e B P g through

rati n% 130, which in turn reflects at | east sone
Aty tharollirpatingmrgomnd 20 oto tha grating i 30, whichdp fysn

reflects and fogcuses at Ieast sone radiation at a

5
m crons of
rons of

10
s e
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array of detectors 150 (V\:hl ch may be Iocat ed at the
foryses atrlepsbioms radiaticarat & fistt eoal Pleneal60 and onto the two-dimensional

array of detectors 150 (which may be located at the first focal plane or another focal
plane.) As shown in Figs. 4A, 4B, the two-dimensional detector array 150 preferably has

128 or more pixels per row; in a particularly preferred embodiment a detector array 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 detecior array {corresponding to the

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

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

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

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

12
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pl ane.) As shown in Figs. 4A, 4B, the two-di nensiona
detector array 150 preferably has 128 or nore pixels
per row, in a particularly preferred enbodi nent a
detector array that is 160 pixels w de by 120 pixels
WOgh06/p8i84be used. The hei ght of the focused BEBU$200§20305
152 on the two-di nensional detector array is
preferably maximzed with minimal or no 20 distortion

18 Furthf bntAnMahd LigHI- AN SEAER0 .z L1041 Seto bf 41§ ddatREseRbnd, or
array (corresponding to the same wavel ength) may be

T ER deded 2B BORMH sets bPaBANRARGE cnbncit BR&alIO; Tl $€ambient

p_er’f_or mance. In preferred enbodi nents, vertical
@hg&h{ﬂ% RlcanfoR it TR Se B&&%@éaﬂ( ﬂoﬁi‘eﬂﬁ&ﬂgtcgﬁﬁﬁ‘t@ dfetector array in
signal - to-noisé performance; ina particularly

; 7 . Conl binni . _
S50 AR by K508 gl Mol S ¥ i

Steron ieBBe bk D055 EhEber Rl Rly K ot oo

%'3 nal -to-noise ratio (e.qg., 30 full sets of array
T 38 -second, or nore, is desired and 60 full sets

of array data_js eyen, nor referabl.e). Due.to ambi ent
D e it Figbies Senteech ol | 98 i s saU iy el Y of
frequently calibrate the detector array in rder .to .

Q8% COTEFER RIS AR HY oL S EHHPTENIEHPE TesEr ZF Byp-dimensional
Manual or automatic fluctuati on 5 conpensati on
arpaydedndes 2 plrrgliy phrslemns]d0e hatspllpetivelyserresngns to wakplensths
used to calibrate the detector array. As shown in
fpagningthe 3. Seavdnate micrehraped, gngheacB adiagent paieof columns 150a in the
t wo- di nensi onal array of detectors corresponds to a
pardimensiafal sty of dstedprsmmyaorrespondtorvavglsngtiih that differ by an equal
two- di nensi onal array includes a plurality of columms
Ab@imt.t hame embbdiniehty the gnirance slitdd6,dhe eolivastiiganigoh $201 the grating
spanning the 4.5 or nore mcron range, and each

15

20

), drdadusing intirrof 140aind thesfirdtTOe! pland 1@ ar¢ pesitttined withinraaiolume
array of detectors nmay correspond to wavel engths that

ghiaf i @fuabyr 1943 tRGUIBL cubibdithés inkizeone enbodi nent, the
entrance slit 110, the collimating mrror 120, the

oL RSy i, Eukonlciddosad schespago
200A for housing spectrometer 100, as well as other components. Sampling module 210A
functions to direct IR energy to the entrance slit 110 of spectrometer 100. Camera module
230 houses the détector (shown, e.g., in Figure 4A, 4B). In one embodiment, the total
volume of compact packaging 200A is less than about 700 cubic inches. _A computer-
based control module 250 is optionally used for operating components in packaging 2004,
and for receiving data therefrom.
Referring now to Figure 5B, a further embodiment of an integrated, compact

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

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

13
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that is equal or |less than 192 cubic inches in size.
15 Referring now to Figure 5A, there is shown an
i nt egrated, conpact packagi ng 200A for housing
spectroneter 100, as well as other conponents.

P& 4odul e 210A functions to direct | RPERFSY)S420303
the entrance slit 110 of spectroneter 100. Canera
nodul e 230 houses the detector (shown, e.g., in
bt @silicondbuferd Broating o0 €rug by kureiat., Inlthie efnbbdimenty e Wiipling
of conpact packaging 200A is | ess than about 700 cubic
infdeie 21 0M\pEpetRUIREerdS fldasBhofRe LI DihrdiRH loBopdthgi 292 to the

optionally used for operating conponents in packagi ng

308 21 POCthE Qimpl&6i8 tMidean Pl LI R NRAEEIR dRryRoW

to Figure 5B, a further enbodi nent of an integrated,

?é?l‘il@&f?c} andﬁéﬁ)'éﬁs% o #A9F 11000f EB%Ht??]rﬂ&eﬁH&ﬁﬂé thlsEie f&&n@ing

as we as other conponents I's shown. This enbodi men
o245 0k ek 4 A1 8600 fl - CRERRTR i fse o
B 100 SR, BB BB 3o i g5

205 B R e s o

Eb%llecting mrror 214, then the reflected IR energy is
00kt ed and refocused into the slit 110 of

spectropmeter nodule 1 usj focusing 5 mrror 215,

' orReERRBAOHAfIEuEC A SR PTpeY SRRdEFenE g le{egrafe]da compact
packagi ng 200B is | ess than about_700 cubic inches,
Rekaging d0R fos howsingapeciiomeles L 00y welb apother cQmpanssl s shown.
Fig. 5A), is optionally used for operating conpaonents .
ITHiS sabREigieAgma0bB:sed fE THearuring & 6pRHMeUamaVing prple 2 HimIn this
Referring nowto Figure 5C, a still further enbodi nent
embedimeri; dig sermpling rewiwsald 0C directpansikaeisefROBEyH(eriginating from

housi ng spectroneter 100, as well as other conponents

15

20

conti nuously noving sanple 216. In this
100 while the moving sample 216 passes through the optical path in order to continuously

measure sample 216, Slot openings 212A and 2128 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 direcis and focuses IR energy {using telescopic

14

IR seireadl3 and focusedmsingifonusing ieay 2150 tuslisd 19 of theepestiometgr module
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enbodi nent, the sanpling nodule 210C directs and
focuses IR energy (originating from IR source 213 and
focused using focusing lens 217) to slit 110 of the
ectroneter nodule 100 while the noving sanple 216
ﬁp A0 Ht ough the optical path in order to PCT/US2005/020305
conti nuously 15 neasure sanple 216. Sl ot openings 212A
and 212B are provided to allow noving sanple 216 to
paties 21 Hyroategitit $ B0 thergpeomahtie n2olille. 108! & ok edtbapinegt, Grotal
al so be neasured by placing themin the optical path
vitinng of duenpaohedipaiy 208DDGxMRss thih £bdet FODRABIC i@Ats, atd¥ecomputer-
total volunme of compact packaging 200C is | ess t han

Bleditonf@Pme&hE 250 6 BRSwn APk, 8A) ﬁ%ﬁéﬁaﬁ? AT Raihg Ol

nodul e 250 (as shown in Fig. 5A) Is optionally used
ESMipoRBRE A padkh. ﬁ%ﬁﬂ?m} écélﬂng ask atdidn200C, and for

recei ving data erefrom Referfing now to Figure 5D,

ok e 8 BES IFERACH B @ oifhideth AYDAEG un GO Hmponent
use@tg] %Fﬂtmnd g H‘EH(?II‘SIZQ?%&E}%V@P or %(—JIEJ&%?I%%: lgﬁfoq 1@ SQ&X)HR:?BI 100)
%’l r ecl{&sji‘teastryg S(F gdfsceb% éqn%jéecg%mete‘? %Hly’n]ﬁ ?c aigeo tjﬂglgre\s/@t
2006/ 344 P Us2005/ 0 ics.219 nto slit
YggR R CE R0 o5 P L RrORATRA L0 to
%@5@%@@%&%'@%@@% REREE s Riten e ZOODd'Oﬁ’gléﬁss%sm

con{ﬁg nmodul e 25Q (as shown .in_Fi g. IS optional I}/
pRFniiRr SPtirg ceBRsAEHOds mwaaa &aalgp?ﬁgﬁ%e@af%bse ected
for receiving data therefrom 5 Figures 6 and 7

from ghapiggg, dumipamalioys Ftalaleﬁwehgn%ﬁb coupePY ey ldpm. Optical
optical conmponent 310 (e.g., collimating mrror 120,
erenoney 3186 then sfbrekio agnavint 32@;: whigh haga ﬂ@tg‘ett% qrfase 320a that
100) to a substrate 300 (e.g., the base of

ek

15
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i nvention. In one enbodi nent, the systemaligns and
donplues ahpﬁlilluvahllaysmim?nieaststealﬁﬁckd, coppriysharydtrem i@niwing dlurainum
precision of at least 12.5 microns in position and
Ennliho5ita) goipBitsS 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

oﬁter diameter of screws 340, 342,

15

dqfmes 2 plaee F0b1 0dyunt inay bebonetbivs ani ofthe fodlopiggeaterials:
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- sAwEsNs i aﬁ@ﬁm‘tﬁeWhéFﬂ&r

10 angul ar orientation. Optical conponent 310 is
initially machined froma material selected from
al umi num al um num al | oys, stainless steel, nickel,

gf er or beryllium Optical conponent 310 is then

09987 H a nount 320, which has a flat bot PEHUS2005/020305

surface 320a that defines a plane 320b. Munt maybe
formed fromany of the following materials: alunm num
al umSubstrand 300)isis a Stuppecssiacd Hh that defieet a fimthepglage 300b.
beryllium titanium alum num 15 conposite, graphite
Nibstgtapdo ity bOfPASd fred.anofipk filpwalg wpkiidalahednpedihinum
310 to nount 320 is explained in further detail in

ARPS) Sfalril B stobll Miclki, gsépﬁe& , Beryiflur Sdt8im RehBih @ mdedie)graphite

Figures 6 and 7, a cylindrical rod 330 extends away

Jrrg%ﬁhﬁé BémpdRtd Qﬂbﬁﬁﬂﬁ@eﬂ % 02f extcd@s U Me u“p%& S%I‘fa@arBOOa of

ang e perpendl cular to pl ane 20b, and first

g gﬂ)@gat@ gﬁ@%ﬁé@ 80@&%8%%}8 L Sﬁm&ﬁ@?&gﬂﬁ@i@b Threaded
e

tion SCrews may are 20 disposed In
e PP AT SRR o BRSO 0 St o Al Bl
Th | i nd I [ 350, 352
el %Q@gﬁt%%?%%ad%pgrpgaaﬁcurzf'u %51 ane 3200 and

2? V: S ng%Z I %gs‘?ttiqef%d {Wﬁgtﬂfg%c}tg%% A% str:tle 34b& {Jy (sjilma eously
PCT/ US2 S 30 ’
@{gp{ngaée Eg@@fggﬁln A égiipetpﬁ Y E?te,pﬂpglﬂgg gatgigiptﬁe mount with

Subst rat e, 300 ‘ﬁ % forne from any 8I the fo IOMAqg
thigedsd opeaing 2P the, FPsite 3nf ARARINg 3ogy1 the spopnt, Qﬂreade
steel, nickel, copper, berylliu titanium_ alum

¢ 3&3 nga{eé’g)o age allgned rod 330
cylindrical openlgg 302 extends fron1the up E surface
isoverteskink theeylindtieal ppanéng 3024n Helsgbstrateambibe hetiogmsuzfage 320a
perpendi cul ar to plane 300b. Threaded openings 304,

0

15
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Hole e ednthete the ihperigpifase 3608 $fibesubsitrie. dfollowing the inserting,
substrate into the substrate at an angle )
frietipebativean the rad33p landepedB@I302 Tihihe wvhstrate 3fhdbitsgotation of mount
positioned with respect to the substrate 300 by
Fiombbttanesisplespendicular to the planes 300a, 320, and tighiness 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 degi‘ees in angular orientation. As mentioned above,

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

16
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aligning netal rod 330 with opening 302 in the
substrate, opening 350 in the nmount with 10 threaded
opening 304 in the substrate, and opening 352 in the
nmount with threaded opening 306 in the substrate.

AR 2086/40F4 npunt 320 and substrate 300 are al PERH@E005/€26305
330 is inserted into the cylindrical opening 302 in

the substrate until the bottom surface 320a of the

stael) mickelp oapmert ar betydlivmp gBlre manhireein@0dm fofmibg eylindrical openings
substrate. Follow ng the inserting, friction between
1231081 63 308 mrthe mpierialnghdoid cylindrival cpehiagy Hi2e3 14781 e s
rotation of nmount 15 320 about an axi s perpendicul ar
thi@addde (0 halh BSuaBinod 320 fewed Bladdithnpesin oottt used in
opening 302 in the substrate and rod 330 restricts

doBifuBétain Withieaekthg Sdrewd)U OYiikE{alMbll B70 RPBSIGénedan cflf@rical
substrate 300. After the inserting, screws 340, 342

oREfing 91 PinQR: inpdinddVp B 8SineRRAL AES thaB RIY 378 % 4ends away from a

respectively in the substrate, thereby coupling nount
B2 DadkQuatash hab LSO ic &)B'Lp%gerﬁ b4 a?zgﬁ'i)eﬂ;enﬁﬁulﬁﬁ@%e flat back
12.5 mcrons in position and 0.0/5 degrees 1 n angul ar

' ion. 20 Figures 8-11 illustrate a systemfor
Sgﬁ?gﬂﬁﬂé and coupling an optical conmponent 310 to a

U803 1 ATEPFIRNGRLILN LA oBLER0N, 4V SIK b 8brtend

In one € em a cou S

A 5 FOBRIET 2R B e 2 el R B B
DG AslFirt PO FHbe P TP hado i1 R PRUgTRGHED Pass
cBroplcusbp Beieb S0 %g%aéfgﬁqe!?lgwltg@évﬁm%ggcgéf-‘g%gﬁw(m PR are
The machi.ni ng, i ncludes form ng cylindrical openings

regpoctivgly/dispeqdl in tygof the eylidreal apsiings 3ghel2di 326 n the mount. The
cylindrical openings 312, 314, 316 are threaded. (It
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frptand second srapvet ke an prater diampter thet madehes mpimaer dignsienpfopenings
could be used in conjunction with matching screws).
331 34a33tciathemend70 i s positioned in cylindrical 5
openi ng 318 in the nmachi ned optical conponent, such
t hat Neatl tig7gousk 82(hid positiengd ithrrespectfio the optieak cornpdngetsd 10 by
310a of the optical conponent at an angle
spenlpeedisiyulligning thetrhetal frbdid 7Cbextdnding from the optical component with
opening 318 in the mount, threaded opening 312 in the optical component with the
opening 322 in the mount, and threaded opening 314 in the optical compo;l-ent with
opening 324 in the mount. While mount 320 and the optical component 310 are aligned,
cylindrical rod 370 is pressed into the cylindrical opening 318 in the mount until the back
surface 310a of the optical component contacts the front surface 320c of the mount.
Following the inserting, friction between cylindrical rod 370 and opening 318 in the

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

320c, and tightness between cylindrical opening 318 in the mount and cylindrical rod 370
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surface 310a. Mount 320 has a flat front surface 320c
and openi ngs 322, 324, 326 that extend fromthe flat
front surface 320c into the nount at an angle

erpendi cular to flat front 10 surface 320a. At | east

P8§/00734 openi ngs 322, 324, 326 in the nDURECT/US2005/020305

preferably pass conpletely through a thickness of the
nmount, and first and second screws (not shown) are
QBB CdtdryBhdvedicS QTIRImbihit BROwah rdsp&t tythé istich Calmponent 310.
openi ngs 322, 324, 326 in the nmount. The first and

PREQUREr, 506 SSwd@YEshBRNNPHE Bdtatd MEFEHE thrdaded o heR,3M
i nner Iai arretergrgf open}i)ﬁgs 322, 324, 326 lji.&r%tnt‘ghe

B iveldl theydticall BRIpBRR ttheddly doﬁplﬁ%%ﬁ&%@%o%ﬁ&l component

respect” to the optical conponent™ 3

Wit AREOMSh ¥r AN1E8N Dmbdéhs T h&HitidnQfld 8.095 8Xdr&RGh Rthul
fjrdg)(qujln tﬁgt%opt#ca‘fq corrponr(}elnt V?/I t% 1openldng Sl?i n tﬁ%uar
SRARL . t hreaded opening 312 in the optical conponent
Wth the opening 322 in the nmount, and threaded

T g2 SRS M e S4-75,
n

t, 310 ligned, 20 cylindrical, rod 370 |
SRRBLSR R o b v
S 5% 3 A LSF035 BrSES S SPTERRS
B SR R0 AT R b RS B LB 62 o

rotation of the nount 320 about an axi s perpendjcul ar )
the exating slemsntaa e indrige) gpening ¥y Orthey kxtardsdrom fage 867 mto the material
cylindrical opening 318 in the nount and cylindrical |
ataa aagle parpendiv g 06200 7624 andiorthessy udicabupsuies $30:6pF fegeiking

| ateral novenment of the nount 320 with respect to the
spevoabt showpthaextegd Gom fivesita anto dhe matenin! sivnamglepemendicular
shown) are rotated into the threaded openings 312, 314

(@]

. YoefB@EeIfi vedyinduivat dlignopsni rod(not sy éritsertedintethy cylindrical

coupling nount 320 to optical conponent 310 with a
preRinigsy70 sudfthef afiee e tins2Ring, the elignaeni nod pxisidsiaway doch the
0. 075 degrees in angul ar o .
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.

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

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

screw that extends from face 420 into the material at an angle perpendicular to the face
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5 orientation. Figure 12 illustrates a netal grating
el ement 360 with perpendicul ar faces 362, 364, that
nay be nmounted to a substrate and used as a conponent
ectroneter 100..-1n order to formthe grating
gpéﬂ@ﬁ'f’ 3460, a mass of material (e.g., al uni REFAIS2005/020305
alum num alloys, stainless steel, nickel, copper or
beryllium is first nmachined to forma face 362 of 10
410 Giliathicayaligneneriod 420 Byhiered intdthe OERGHAY ofctbnd MBtsych that,
extends fromface 362 into the material at an angle
it feritiettingpalighMehitate 4 Abekterdd Swhy bt e Batbridl of zinC@i'gle
openi ngs 350 for receiving screws (not shown) that

prpeditular @Ithd RE@ARO A bdabid fabS4IRIrRpliA gahngaeﬁ&&'ﬁo is
perpendicular to face 362. A cylindrical alignnment

faBfcAd¥lsing AR Whoxy rSoHoHSR! 18k sd. ?E%] oﬁcfﬁcec%lo'n'ﬂaq;ﬂeﬁﬁ}aﬂel to the first

openi ng 370 such that, after e I nserting,

fabd YRR @WSIH er bi8 E}% %ﬁh%t?cai &lau%%elglg%lts

angl e perpendi cul ar to e face

%%g%r];@ Ir?f 1 ;ﬁa? ?‘gﬁé Sp?r oceas ?:ybgtfg Oé%'fé %t I(E‘%s%ﬂ%ge(n%y gpn parallel
ﬁ%%igg gﬁﬁﬁ% n u3|H§BR épglﬁégn;23t33§¥e2$shomm

'of” E Sa F”olﬁ‘gqlé‘% apBcinle] b Thsp SEIGSE B Bt S RBR Foul be

e o ﬁﬁmﬁ‘ﬁ%“glg?fgi@i’e S bR satng st e rogddventive

8Per or _hery is first machined to forma face
PhihereRk Ibﬁtupefaftogqa Hherqfereetha i tnvertyan; inaptilisaifed to the
openi ngs, 411 (for receiving screws not shown) that
R e‘F‘PWﬁlﬁ% disclogyd; thtt is intyededde eqvienmodificationamithia the spirit
perpendi cul ar to face 420, and a further cylindrica

490 &¢Ane gf the Frepent inveptnasdglivediin therppendsd cleimst hat

extends fromface 420 into the material at an angle
per.pendi.cular..to..the. face. 18 W.2006/007344

PCT/ US2005/ 020305 420. Cylindrical alignnment rod 470
is inserted into the cylindrical opening 411 such
that, after the inserting, alignnment rod 470 extends

away fromthe material at an angle
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perpendi cul ar to the face 420. A second face 430 of
optical grating elenent 410 is fabricated using an

epoxy replication process. Second face 430 may be

parallel to the first 5 face 420 as shown in Figure

13. In further enbodi nents of the optical grating

el ements shown in Figures 12-13, the second face may

be positioned at any angl e between parallel and
Wier pehdnedilsar with respect to the first face. Finally,
|tW|II bea reci ated by those skilled in the art

Lt hat AREREES g%{ﬂﬂtFt%&Pewélfént%W%‘ﬁ&ngﬁhﬁ%%% (.3 or more microns,
c(ﬁﬁlﬁ{.‘sﬁﬂgbed above wi thout departing fromthe broad

inventive 10 concept thereof. It is understood,

t her @9ap entranggsliy, 19 C@liimﬂ,tmgtmmr,u asgiadeg having edratvgishdace with
partic .s.intended to

cover r&lr&t)lg{g??rgg?flg ns vv|t %{r‘gé%‘gculs{?lgfmmﬁénécope of

t he @)@Swn{dlmmmmbl amayasf dbedctarg dvlicreit beleappemeéestiation passing
cl ai ns clainmed .is: 1.. A compagt .
spect r gﬁ%‘f%’r Sﬁg{ P& 4] Oﬁt‘ﬁé@?}b%‘f’}l‘fcﬂgﬁa@t dFastysamegadiation
nor e NMpassingshrouglo e slis i@ fledtdd bRthe RBIMMIGE kot ontd the grating
collimating m rror, a grating having a grating surface

Wit h F‘Hifﬁlcﬁ gighigstoen rsfleqts at leasipeme tdiatign @ntp the ferzising mirror
mrror [ I

wher ei ﬁhgc?qfleastr&é%ﬁalga | at§ % gt:}l@ésggéﬁ%yad&{uﬁggtgﬁktqﬁ%al plane
slit fend OWQ ﬂaﬂ t‘ap{dumaimqmt mraynofviétedtors aivilerain theas tleast some

sorrer i as ing.th h the.sli [ refl ected

t he%%oal n e ng %&?Ca%‘?#lg P %?rﬁtt‘g%‘@glhg’lﬁp?%@élmr to the
vvm ch gnnhgmmfarcew}ﬂmﬁﬁpaaimé gasiichaUi@edadintdian ont o
the focusing m.rror which in turn reflects and

f oceiLe1n eaghpcplyma in-the iy dimensionsl apay pf detestorssorpsnends to a
wiREn B {Hes W Hiope ﬂﬁbt%ﬁarlan ;tﬁé’ tﬁg : gﬁ%rfs?(}n%f Sa{rﬁy includes a

wheréin the at | east sone tio oW n
plemglitycdicolyaml U seldestifelp nonrd:spomblol wavelchgils npannmg tho4.5 e more

m%got%gﬁﬁ%, §1!1]c{ &rﬁgr%mvgatcll? aoéﬁ%cﬁ?pgﬁ Q@cothllanl&%g hhe lm%%glf)rlla‘i array of
detectors corresponds to two wavelengths that differ by an equal amount; and

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

cubic inches in size,

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

~positioned at the first focal plane.

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

positioned at a second focal plane that is different from the first focal plane.

20




wherei n each colum in the two-di nensional array of
detectors corresponds to a wavelength in the 4.5 or
nore m cron range, the two-dinensional array includes
o 200kM§734d ty of colums that collectively cog 1?1?586’0%20303
to wavel engths spanning the 4.5 or nore mcron rang
and wherein each adjacent pair of colums in the

t wo- di nensi onal array of detectors corresponds to two
wavel engt hs that differ by an equal anount; and
wherein the entrance slit, the collimating mrror, the
gr at fndbe $Aeetremeteraf slgmils Warein 4l of the 4. qryagre migron wavelength
pl ane are positioned within a volune that is equal or
rguge & befrgmen 9to 18 Jopisranpches in size. 2. The
spectroneter of claim1, wherein the two-di nensiona
array of detectors is positioned at the first foca

pl ane. 3. The spectronmeter of claim1l, wherein the
two- di nensi onal array of detectors is positioned at a
second focal plane that is different fromthe first
focal plane. 20 WD 2006/ 007344 PCT/ US2005/ 020305 4.
The spectronmeter of claiml1l, wherein all of the 4.5 or
nore m cron wavel ength range is between 7.5 to 13.5
m crons. P 21 Abstract A conpact spectroneter
operable in a wavel ength range of 4.5 or nore mcrons
i ncludes an entrance slit, a collimting mrror, a
grating, a focusing mrror and a first focal plane.

At | east sone radiation passing through the slit
follows an optical path in which at |east sone

radi ati on passing through the slit is reflected by the
collimating mrror onto the grating, which in turn
reflects at | east sonme radiation onto the focusing
mrror, :
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which in turn reflects and focuses at |east sone
radiation at a first focal plane and onto the

t wo- di nensi onal array of detectors. Each columm in the
t wo- di nensi onal array of detectors corresponds to a
wavel ength in the 4.5 or nore mcron range, the two

di nensi onal array includes a plurality of columns that
coll ectively correspond to wavel engths spanni ng-the
4.5 or nore mcron range, and each adjacent pair of

colums in the two-dinensiongl ray of detectors
corresponds to two wavel ength’rsg%t‘t differ by an

equal anounfcomplg sﬁ&&ﬁlﬁ&&eogélla.\)fe'in 5 urgve?c%lglhi rgn?%io? ﬁé or more

mrror, the grating, the focusing mrro

it 05t D9 el o VT
first focal plane. At least some radiation passing through the siit .fol!ows an optical path in
which at least some radiation passing through the slit is reflected by the collimating mirror
onto the grating, which in turn reflects at least some radiation onto the focusing mirror,
which in turn reflects and focuses at least some radiation at a first focal plane and onto the
two-dimensiona! array of detectors. Each column in the two-dimensional array of
detectors corresponds to a wavelength in the 4.5 or more micron range, the two-
dimensional array includes a plurality of cotumns that collectively correspond to

wavelengths spanning the 4.5 or more micron range, and each adjacent pair of columns in

the two-dimensional array of detectors corresponds to two wavelengths that differ by an

equal amount.- The entrance slit; the collimating mirror; the grating, the focusing mirror

- 15

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

inches in size.
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