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image quality and image illumination. Further, if high image quality is maintained then a
small physical size is difficult to achieve. In addition, the need for aberration corrections

results in more stringent manufacturing tolerances, which increases cost.

One example of a conventional wide-angle IR sensor 1 is shown in Fig. 1. The sensor 1
includes an IR detector 2 located at an image plane 2A. The IR detector 2 is located
within a coldshield 3 having an opening that defines a coldstop 3A. A dewar window 4 of
a dewar housing 4A, also referred to herein simply as the dewar 4A, separates the

coldstop 3A from uncooled optical components 5 that include a multi-element (four
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reduce the aperture size of the sensor housing. Representative dimensions (inches) for an
approximate 120° field-of-view are: x=1.7 and y=2.4. This lens produces a highly
distorted image mapping that requires extensive electronic compensation. Otherwise, the

performance and size are similar to that of the Fig. 1 lens.

A third prior art design is shown in Fig. 3A, and reflects the sensor shown in the now
commonly-assigned U.S. Patent No.: 4,820,923, "Uncooled Reflective Shield for
Cryogenically-Cooled Radiation Detectors”, by William H. Wellman. A virtual
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element that is transmissive to light having wavelengths of interest, such as infrared
radiation (IR), and a reflector disposed about said lens element that is reflective to the
light. The monolithic body is comprised of a material selected for fabricating a refractive
lens element. The compound optical surface has a centrally located portion defining the
lens element surrounded by a generally curved surface region having a reflective coating
that defines the reflector. The centrally located portion may be coated with an anti-
reflection coating. The compound optical surface is preferably formed in one operation,

such as one that uses a diamond point turning operation.
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BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other aspects of these teachings are made more evident in the

following Detailed Description of the Preferred Embodiments, when read in conjunction

with the attached Drawing Figures, wherein:
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Fig. 7 shows an exemplary elevational, side and frontal view of the warmshield/lens

assembly of Fig. 6B.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The prior art reflective warmshield reflectors, typified by those shown in the above-
referenced U.S. Patent No.: 4,820,923, are typically made from metal. Fig. 6A shows a
prior art warm shield reflector 30. The optically reflective portion of the warm shield
reflector 30 is polished, either conventionally with a polishing slurry, or by a Diamond
Point Turning (DPT) operation. A highly reflective evaporated coating 30A is then
applied to the surface that provides the high reflectance in the IR waveband. The warm
shield reflector 30 is mounted into the optical system in a manner similar to a refractive

lens element 32.



applied to the surface that provides the high

refl ectance in the IR waveband. The warm shield
wormbd/®mcisor 30 is nmounted into the optical sSystPemuUS200/012573

manner simlar to a refractive lens elenent 32. 5 WO

2004/ 097490 PCT/ US2004/ 012573 Fig. 6B is a

cross-sectional view of an integrated, nonolithic ]

| eFig/ GReis er@saas;ecécpr@héﬁw ofan intﬁgra§gcmrtﬂ>&ﬁe<élem/teﬂefaw element 31in

e t i '
eggc%g dgx‘fc@ w1 g‘kﬁ' ghrg%/n? %‘f't anv@‘g cJ]pr »ovmlg Flg\”7‘;$\?v wgarﬁﬁgmplary
I eeisw#atxeﬁdl saieand frbaalomtw dﬂhe lems/iefi¢ctoreleheoli Iteinthis dmbodiment the

conventlo ra | ens 32

P Bish Seper R s SEamd e wa Bk ORI R cambinggt ino
el ;maend optieARlehattoftpritdief t}féﬁr&%ﬁb@ﬁld&ﬂ&xdﬂﬂm\khﬁwﬁm@ld reflector
war nshield reflector and |l ens el enent 31. The

| efRs) lepsiglemang B 1.dihe densireflpgtor ﬁ]@;ngate?gl 1gclg@ﬁtarcgptral refractive region

r 8 {REhd oﬁﬁgas% reéécﬁvé AL 3PS %Ksp@&rgﬂseusﬁrﬁgftﬁ@&we\esmal
lens 32 0 6A, preferably using the sane opti cal

s u&lfr‘éie@cmmtmas andexsntandiickness.diictlé¢nstadfestos eleigat 31 also includes an

Ien /refle r.element. 31 .

1 CBRGTEEREE R ) RN Aherle T LR (B Tper ol chield 30 of
t hEl gnm.aihe desired siifaed c(*:hr\'afﬁuresc of tieirgfracGive anblrefledded regions 31B, 31A,
surface curvatures of the refractive .and reflective
¢ elobRaveln @re comkined fnig 3 Siogle SEMpoUnd BEA STHRE i nt o a
si ngl e conpound optical surface. The nonolithic

| ens/refl ector el enent 31 can be used in place of a
walhempealithic depssefiector glamanid | §an kersedin plagg okhwaimshigld segment

F' 98A4an§r}idle(f{§52§r 'ap%fﬂmpr? lnp\f"ag o tampldgsl&nbéh gélB@r although 1r|1 Iother

mbodi nents It may be used at other |ocations,
as emhodimerds ittpgebe vfed ap oihenlocatgonst asmeell b lnaotp¢retf>'1eqs rof @ptical
but. non-limting enbodi nent of this invention the
material that forms the compound optical surface is
S|I|con mhlch is used in the lens prescription of the

ract art f.the | ens desjgn. 31B, wever.

S5 et B ion Vi e S et A oo pRH P 43 fpm the
t h@oﬁlﬁfuﬁla(‘cﬁ)hb’aﬂ? shAide 9fsillcB®, WHBS i MsdEm thélméixstﬂ?@efcnﬁtﬂﬂ of the
be processed, such as %tDPT and coati ng, provi de

t hETsRBbYsRATt OB e dne Hgpever.any ABU%@atﬁ'a%léan be used that is
G5t oPthe Iéffa@h\‘bgpagtg?me ldrd sH't@'n RhEfHar Ea%ql)e?%rcgs@gi, @dch as

fabrlcatlng the conpound optical surface
pr by DEiTragd godbingrtk profvidetiles sgeoothy reflectipe pertibn dbderi al |
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As was noted, Diamond Point Turning (DPT) is the preferred method of fabricating the

compound optical surface. After providing a blank of the desired optical material, such as
silicon, the refractive and reflective regions 31B, 31A are preferably fabricated in one
operation, which reduces cost as compared to fabrication of the two separate elements 30

and 32 of the prior art design shown in Fig. 6A.

In addition, this embodiment has a more significant cost saving because of the
compactness of the design at the location of the warm shield. Due to the limited space

allowed, the warm shield reflector 30 is typically required to be thin, and is difficult to
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egels a source of scatter that
can result in the generation of stray radiation. In this invention, the warmshield is actually

the reflective thin film on the refractive material of the lens, so there is very little scatter
from the edge of the reflective aperture. While it is possible that some stray radiation may
be caused by a misalignment of the reflective coating aperture edge to the transition point
of the compound surface (indicated by the arrows 31C in Fig. 7), it is more
straightforward to achieve a precision alignment with state of the art photomasking
techniques and DPT, than it is to achieve a knife-edge metal reflector in the prior art

warm shield 30.
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and nore specifically of optical stops in IR
In every lens, there are physical apertures that limit the passage of energy to the image.
Each lens element has a limited clear aperture, as do baffles in the lens and other structure
in the sensor. One of these apertures will most limit the diameter of the cone of energy
that the lens can pass to the image. This aperture is termed the "aperture stop”, and its
size determines the irradiance at the image. Another aperture typically limits the angular
extent of the image, and this aperture is termed the "field stop". Apertures also are used to
block stray radiation from reflecting off of lens mounts and structure and onto the image,

and these are generally termed "baffles".



I magi ng systens. This discussion will provide the

reader with a better appreciation of the benefits
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physi cal apertures that |[imt the passage of energy to
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occCurs. s npractical’ to enclose TI'ens” el'ements o

an foauk,raad elo syspremises thaivacushenepgytygeni ¢ det ect or

package or dewar. If nounted on the cold structure,

the added mass of the lens elenents inpedes cool down

ti Fer afledmhingsemNpasenicatof (he 2Pertuld §iBp atfbRs ASHAATE P¥Bfmance.
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devPmefiies about Bioptien! &R help Biamiain inss guadity atparessioffraxds angles,
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notallows syrewietriay ¢an he inroflyesd bierelayitg ha stop simeyhatsymimdeicallyabout
d W lens. For example, a true stop located near the image plane can be imaged (as a pupil)
on the front window of the sensor, at the same time that the optical system images the
scene on the image plane. However, ultra-compact sensors cannot tolerate the physical
size of such optical systems, and thus have only the aperture stop. With prior-art optics,
using a true coldshield as the stop, the stop is located very asymmetrically within the
optical system. Indeed, it must be closer to the image plane than the last lens element,
with enough space between that element to accommodate the dewar window and

necessary assembly tolerances.
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The warmshield is constructed with the shaped mirror elements 18A and 18B that face
the cold focal plane 2A. As is best seen in Fig. 5, the mirror elements 18A and 18B create
an equivalent coldshield by imaging a cold surface of the coldshield 3. The coldstop, or
warmstop 204, is placed within the multi-element lens, and is made to appear cold by
action of the reflector elements 18A and 18B. The warmstop 20A is defined by the
aperture through the outermost (relative to the image plane 2A) mirror element 18B,

which is smaller than the aperture through the innermost mirror element 18A, and thus
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the coldshield 3 are nade | arge enough to
The reflecting surfaces of the reflectors 18A and 18B, or 31A and 18B, preferably have a
generally toroidal shape, and are used to image each point on the detector array 2 onto the
cold surface surrounding the detector array 2A. This cold surface is the outer face 3B of
the physical coldshield 3 within the dewar 4A. However, this feature may be omitted if
warmshield-reflected rays are intercepted by some other cold or absorptive surface, such
as the interior of the coldshield 3. The outer face 3B of the coldshield 3 is preferably
made optically "black", i.e., absorptive in the spectral region of interest. The toroidal

reflectors 18A and 18B are designed to prevent reflections from the detector array 2 from
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eX4% 4FH is desirable, since having all reflected rays cross the optical axis in a wide-angle
sensor would result in large angles of incidence that would impair dewar window 4
transmission and coldshield 3 absorptance, and would also foreshorten the coldshield 3
radial width, thereby complicating the reflector optical design with more stringent
imaging requirements. In addition, the aperture sizes and focal lengths are sufficiently
small that lens diameters are less critical than for conventional telephoto systems.

Moreover, ray angles are so large that off-axis absorption and reflectance effects are a
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The foregoi ng description has provided by way of
exenplary and non-limting exanples a full and
wo mfoansmadi ve description of the best nmethod aneCT/US2004/012573

apparatus presently contenplated for carrying out the

i nvention. However, vari ousLA®DMISfi cations and

adapt ati ons may becone apparent to those skilled in

the relevant arts in view of the foregoing

dewgstiPélhigled iwhen read in conjunction with the

acconpanyi ng drawi ngs and the appended clains. As but

sone exanpl es, the use of other simlar or equivalent

| en : | I '

S Slag T}%@Lﬁﬁv\% @Jgﬁ ha\Jl ﬁgglgc{ A;J?‘cél%‘ﬁace Bl &7 Eb‘iat{ed lens

areténgent thefik &mtsmnsswh m/ln gmgandarrenamorslrsap@é aboun edidiidhdxgement that
pher.i cal elliptical, may be attenpted by those
RfF?%ﬁ‘*ﬁ°Pﬂ% art. Fbmever, all such and simlar

nodi fications of the teachings of this invention wll

still fall wthin the scope of this invention.

Fur th8tonolithjg; hody @ an ﬁ’étnhédwaﬁe saidapnalitic hedycisjogmgrised of a

hef Rkl 81 tdATOMaIRA VY 4 Brr# e haliBmER gsragl%of?ﬁ)ound optical surface

specificity, the present invention coul
i rfpmrmng aeenallHoesitedportiqgrdefiniag said lehe@smmt surrounded by a curved

S e th of . t he user.
s R R L)
|nvent| on coul d be used to advant age WIthOUt the

of BB Eqﬂa‘r@é‘??%?%ﬂnéh 1S e e EAS ofa BN inspaipd withan

| Idnusrm@tlbly@aaﬁg, the principles of the present
invention, and not in limtation thereof, as this
invention is defined by the clains which follow 13

V\Q %Q%{oﬂ&]?é‘&% ESQI/CH%Q QA1 2R (f%mﬁaw ndgﬁca]w}?atce is¥%o d'med using

cl ai med . monol i thic bo a compoun

omdlera4>ndmwftae~e1naep¢rammg a cent raI ly located | ens

element that is transmssive to |light and a refl ector

di sposed about said lens elenent that is reflective

t 05 A ghnolltlﬂc b@d)msnm Elatnin il cfuhhmlycomsmlmg mleﬁisl’fbrlmomﬂlﬂg gaid body
.monol

o i B iR DR SR RO 5 PR Lt fipm a soene.

sai d conmpound optical surface conprising a centrally

ocat ed pogltl on defining said |l ens el enent surrounded
by60 4 Pgpelihic bedy haying & eqmnronnd articalsustapedqfining a gentrally located

Cagfrhdtide IMRleldRhl D8BisSRnsmis§ld BFnBhred radiation (IR) and a reflector

disposed about said lens element that is reflective to IR.

7. A monolithic body as in claim 6, where said monolithic body is comprised of a
material selected for fabricating a refractive lens element, said compound optical surface
comprising a centrally located convex portion defining said lens element surrounded by a

generally toroidal surface region having a reflective coating that defines said reflector.

8. A monolithic body as in claim 7, where said centrally located convex portion is coated

with an anti-reflection coating.
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3. Amonolithic body as in claim2, where said
centrally | ocated portion is coated with an

woanb4/9rebl ection coating. 4. A nonolithic bodpCagis2end/012573
claim 1, where said conpound optical surface is forned
udi Agnonahrdncehwéh@ ipeleim 6,tAhersi spig comepudioprical sirfage is formed using

| aim1, further conprising

%%%&#EP%WEU%nggpérﬂlo body w thin an i magi ng system
havi ng an entrance aperture for admtting Ilght froma

scene. 6.. A nollthlc b

5 0BF B moRliin TG 2 BLRELe: Jriteh e pr, BRpR saia
elrsieNthid ByaY witBintah AR SHA dg,sxsg syQei®avinf ﬁﬁi@dm&eﬂa@emre fon admlttmg
(LR and a reflector | sposed about said | ens el emen

t ﬂgtfrqﬂsa sene.he iMAsingsystem C?mpszwn@ﬁémqﬁoetaww %%dshwld that
CleAbiBlel a cYNIGI IR dRRLHr ONRLd di B fnd2@ Hlénd, 3aif eaparrlc&ﬁﬁn&rg aRewar
mat eri al selected for fabricating a refractive 1ens

elvéndow, an oplicd] vdngfoaiddR dpegiossystnr fasges thewehsdiddeygr window

CSRAERY ok P 58 R BRI B Sl 082 Rb b ea oprica

r exgis%tvd%awsdﬂngerﬂraﬁﬁfabaﬂire arel s@ﬂahwagwhhm aleh prnmaxt)stﬁ‘ gelnerally
refI ct%{l .Am)nollhlc£ S in Ia|m7

 sdPaHledrieoir ssements gisaered aryRds ab%?aﬂfﬂﬁmf S dewwdc’w
annd Rl ehednke Q%dr@fb 6RALf Bd reffecidPsepRfas RAVIAR @ reflective surface
PCT/ US2004/ 012573 9. A nonolithic body as in claimb®,
wHagies s deves besianiel VEpTei 28 apering Hhaeushias opisFRRY refleptqgseggent

d'tﬁfmgfr&ﬂ's% &HENQQO\Q REfi R 'aﬂ foeétg'e cOolBF Ql%lrﬂul;chét(’;p Had¥ R

as |n. claim 6, further conpri si ng neans mount’i ng
s Aindgingreystsii, il whepotdid lopstetimrentithat i lRtransmgqswg tsRend paid reflector

sr?o%d%ﬁouq ngld %ng 5&%@6‘? O%HICS 5O Qsdtn\)é gh %c%ed beﬁvgea Q44 &fectwe

ccmbadlpemyreastm)drﬂshddbdart\haﬂow encl oses a cooled IR
detect or di sposed at an i nage plane, said dewar
conprising a dewar w ndow, an optical axis of said JR

| NBgANSetBIESh E4Brioas ah OtichldIEhaR, compfsiggwar Wi ndow and
said i mage plane; a plurality of uncool ed opti cal

el enents di sposed al ong said optical axis between

S %rgwﬁlﬂ% T2tk @&ﬁﬁﬁd&& &f aanglat%ﬂhldtod@lﬁ\@fs MR RYve 30 Tight having
plurality of generally annular reflector segnents

di wpekeghaeidowessandd optical axis between sai d dewar
wi ndow and said entrance aperture, each of said
refl ector segnents having a reflective surface
processing the blank to form a monolithic body having a compound optical surface

defining a centrally located lens element that is transmissive to the light and a reflector

disposed about said lens element that is reflective to light.

12. A method as in claim 11, where processing comprises depositing a reflective coating

on material that surrounds said }ens element.

13. A method as in claim 12, where said blank is comprised of a material selected for
fabricating a refractive lens element, and where said compound optical surface comprises

said centrally located portion defining said lens element surrounded by a curved surface
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facing said dewar w ndow, where an opening through an
outernost reflector segnent furthest fromsaid dewar
woneaodioav4ghef i nes an effective cool ed aperture SE@PUSH04/012573
said IR inmging system and where said |ens el ement
t hr@éloﬁ Ravk ggs'ﬂﬁl%ﬁe%'n\f@ dafing B AlBn&AL LAl gCt o
di sposed abou sald ens e ement are nounted so as to
be dlsposed betmeen said effectlve cooled aperture

st@p bricate
~an Q‘o%t%f| egha ele ?raél\ﬁﬁl Mtﬁ% iy Prhsé"g aﬁ P é’{ﬂg&f‘ ﬁ’é“ éef{??tboﬁ’lfoa“"g over
commﬂmse&m&hta material to that is transmssive to
i ght having wavel engths of interest; and processing
the blank to forma nonolithic body having a conmpound
opitsi & Mettoldlab ﬂ&%md@fw}f&@ﬁo&s&ﬁé’@d}@ns% dsﬁ’n?%tdﬁqnoln@ PSint turning
el enent that is transm ssive to
" r SPPRHeDbi0 form wb@,@epoawbmncslauéaqeens eI enent that is
reflective to light. 12. A nethod as in claim 11,
where processing conprises depositing a reflective
coating on material that surrounds said | ens el enent.
13. A nmethod as in claim112, where said blank is
conprised of a material selected for fabricating a
refractive lens el enment, and where said conpound
optical surface conprises said centrally | ocated
portion defining said | ens el ement surrounded by a
curved surface 15 WD 2004/097490 PCT/ US2004/ 012573
regi on having said reflective coating that defines
said reflector. 14. A nethod as in claim 11, further
conprising applying an anti-reflection coating over
said lens elenment. 15. A nethod as in claim1l, where
processi ng conpri ses using a dianond point turning
operation to form said conpound optical surface. 16
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