| NFRAf | ED CAMERA SYSTEM TECHNI CAL FI ELD [ 0001] This
invention relates generally to thermal i mgers.
WEAUKERIOND [ 0002] The market for infrared canmeCaase®4/027551
| arge, and growi ng quickly, driven by mlitary,
security, nedical, construction and autonotive
markets. OF particular interest are the wavel engt hs
between 7 and 15 microneters, where atnospheric
transm ssion is high and sunllght has a relatlvely
smal | contribution, éﬁﬂﬂ%&ﬁg@ FBMures in
normal envi ronnments (roomterrperature or body
tenperature) radi ate. Several types of imaging systens

ar rve wavel engt hs beyond vi si bl e. These
ﬁggiﬁggﬂﬁhg%ﬁi%/bandgap sem conduct or phot odet ect or

arr s, whi typically require cryogenic cooling, to

t hé&m}; er e%@ﬁﬂnvﬁﬂu?,‘br@ s generrlbpielt gﬁfétaérm@efsays

However, all of these "focal plane" technol ogies are

expensi exanpl.e, the |l owest-priced caneras are
u@n@égg&ﬁﬁgt he $10, 000 barrier), making thernal

[ ' out,_of r the vast mpjority of the

cgiﬁh’??. al E#F&“&fg‘ﬁ‘sfgﬁ@? raped GRECES I8 oRsk rowing qyickiy driven by

eXinfifilafyg sCuBEl) eedicHB Bod b RCnH ahidth S € lﬁﬁh&%ﬁ Sof &?ﬁcular interest

are inherently |lowyie driving costs up,

| | ﬁietth‘hlf}'a‘t’fﬂ@lgﬂ@d@t‘mendrﬁn(llISeTnchnMEMImfe q:tanﬂs)lclu’aasrmssmn is

Li‘é@ﬁ’adéﬁjﬁ)?ﬂ@% a%ﬁt@“?‘ii&é‘%#ﬁ&fr@{ %‘Bf?%? "E“} SenSI il o atures in

c amemzal smstoamehts r(rqonntdmpenamraar lbdmrgﬁnf)dfr@tmd) !rﬂiittte OSev’éral types of
froma scene udes an_arra

first .wav e{
- t hEPIRRY YR %fﬁ wed fq phsgrvesyave pgtkﬁ Retong W@%eht”ﬁhesgrange from
| i gittove Batdaep ﬁﬁhﬁc&d‘ﬂ%@?ﬁ&éde@éc’f&)érraﬁa%m@ﬂ tg_ﬁkalﬁj &gﬁf‘g cryogenic

has a passband that shifts in wavelength
r efPAiRE; 1pdhg maerecenhwyeooledmicroboipraeter arrays.oHowheerpilkef these

el egen a Vi
second&ﬁgeeF%ﬁé¥%§%%H%EQQ%??§H£F%(ﬁkﬂzﬂgqﬁweggﬁgﬁ?@nnmasmelu“
o pbne@lang fhiel &l 9100@ bareier)eineking tlﬁ:rma;luﬁiagiﬁlg alt éﬂleacmrtbﬁme @hst majority

II -tun tlcal el enen duces
B BT B o R SRS Mt S Bl o o g products use
S omamﬁamyng lﬁﬂimkﬂ%s et &E%Merﬂly'l%g‘&% 1@%0@@.%@ but also limiting
i ncl ude a caner a,

r e%‘% F?P@ﬁ{?l?ﬂ £L65 fl“F@F%%f nixgmithastis praeticabios gl bitkthe mastedst-insensitive
freggythe array of thermally- 1 BOSTON 1978836vl t unabl e
optical filter pixel elenments and for produces an

el ectrical signal corresponding to

SUMMARY OF THE INVENTION

[0003] In one aspect, a camera system for producing an image from light of a first
wavelength from a scene includes an array of thermally-tunable optical filter pixel
elements, a light source and a detector array. Each pixel element has a passband that
shifts in wavelength, due to a refractive index change, as a temperature of the pixel
element changes. The light source provides light of a second wavelength to the array of
thermally-tunable optical filter pixel elements, such that the array of thermally-tunable
optical pixel elements produces filtered light of the second wavelength. The light source
may include an LED or a laser. The detector array, which may include a CCD or CMOS
camera, receives the filtered light of the second wavelength from the array of thermally-
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an i mage of the scene. The canera system further
i ncl udes optics for directing light of the first
woavslemgbh from the scene onto the array of  PCT/US2004/027551
thermal | y-tunabl e optical filter pixel elenents. The
array of thermally-tunable optical filter pixe
el ements converts at |east sone of the light of the
first wavelength to heat and absorb at |east some of
the heat. [0004] The |light of the first wavel ength can .
b, tiusblespiigy fter pixe] qleppents anddor prodygegan elsetrichlsignabenirpsponding to
wawel: , ' L ki Q05 L. T .
A BRSO B T o AR a1l o Qoo bird g lght of
el déhefitsswhelaett fanitire ssencewde thataedy phitheagsilyt-inatble optical filter pixel

IS B%L 3 deglf’se a[ﬁ‘l\gla?rgg g&%&%ﬁi@%ﬁ% ea%q%‘.gélai[g#eerltp%xoei1 éler%ents converts at least
t hgomebf pretlighedt (Re ARt vardledg fodleattingbsdtb 8MRAY Som@Bekhe heat.
an sealing frame for joining the w ndow and t

he
sub@dt o "t Jhedightof thyrshwavelenethrap b faslesaapla, Belighsrand the light
ma j l4SPRE NS oF OK Xt raneous
gag)g gise %gl'(ﬁlg pl X%Pgﬂgicéﬂ%%tf éloerr)r(aalé}p %nfglﬁt g ghtg mat eri al for
ab$081 ng | Tgharraytof tharsellyvtmneble ogtital fiter gjreletatentsiesdaled in an

into filter. Each pixel elenent of the array of

¢ VR EY B ia: B5fiesA WPy dabspaled ladiplion.¢ splstrate for
at saspoethgt the bigy ShibeiaBy-eurdaylephodl e ?i&&ﬁilelﬁ&ﬁi ahd'ad sealing
thermal |y insul ates_the pixel elenment fromthe

su dpieoinirgsthp gdrdaypanddhe yibsieats fgether. | Gbosjckyppmay include a
ar baver Mard e BI¥BoOY Witkipdk %s@ﬂﬁﬁf{é!traﬁlﬁélfs %s L Ble qixel ehements may
b ength a s the

absorbs light at the first wave conver
| i gieludgta materidliforsibsarhingllighgatHirstrvwayelength and @@@7ite Feat imto filter.

pi feth rr fthermal |l y-t bl e .
ST T

t _umaflmhed tothe sdbistrage :by_taehﬁﬂew @D@Ep@cﬂg &Ié\t ﬂ@gnélllfyl iakuldtey s pixel element
Si ecavi.t or tiple-cavity Fabry-Perot structure.
ThEOR! %?%éatfvh@g%a?ﬁt&}laf/ &f?&_t??égl&bt ical filter pixel

el poeef s | Nghy'aesy & th@fdaBG-kldaBle! YIS fidfer ﬁi&f%&%@liﬁkﬂ at the first

| ayer to mitigate |ight of the second wavel ength that

pa¥aealengsh opcdoepnyerts the kght agthefissitwaveleogibghtothe. caner a
' ' the. .
0T TR A AR Rl GRGRa dr Al PRI s pier

t helemegps inchoies aeindp:0 008fle THie fitra imerdersycetoentinm whinbeomiisa single-
in a.transm ssive e, such that the light of the )
e RV Gt T RES RSP PTF- i oy B tisinaly Sonable opica
t hanemlixdl elenitaklifcl@dds aedectihg 1a§6r dtian@bs@bRBRA St igate light of
then propagates to the detector array. The canera

sydeserondyvayplengih ehaf passesrbshyesatthapixphodmensich t hat t he
I Rﬁ\bst t h@h@@ﬂ?ﬁgs%ﬁg{ﬁy%ﬁd@ gfr&?ll%ﬁ'l?ee {;Ht%‘ t8 ?1&519 the bandwidth

array of thermally-tunabl e optical i Xe

el efitbetightaf thet deeondpraplggthdmont thetlight shataect or array.

i[ g@é@;]b!’;lg egf@%pﬁeﬁﬁs s%]%{ Igaf P;?eg%tg ‘13nda Pr];nsgnelgs%/reargcl)yeg suac?l that the light
of the second wavelength passes through the array of thermally-tunable optical filter pixel

elements and then propagates to the detector array. The camera system may operate in a

reflective mode, such that the light of the second wavelength reflects off of the array of

thermally-tunable optical filter pixel elements and then propagates to the detector array.

[0010] In another aspect, a method of generating an image based on light of a first

wavelength from a scene includes generating light of a second wavelength, converting the
2
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wavel ength froma scene includes generating light of a
second wavel ength, converting the BOSTON

wa2B33Bwh | i ght of the first wavel ength to heaPCTAIS2004/027551
coupling the heat to a thernmally-tunabl e opti cal
filter array to vary the tenperature of
thermal | y-tunabl e optical filter array. Each el enent
of the thermally-tunable optical filter array has a

passband that shifts in wavel ength, due to a ]
r eflightefi thefirsh wayelengih tpcheak gndeauplipg tgthgaido gfthermally-tunable optical

BB AR ALl P b ST o ke

seobrict themallpmgiablevapticaltffier adneyr i lal passbambdhbeshifiot inGalvelength, due

filter array. such that the thermally-tunabhle optical . .

F1 11 BretEheh R imBr O ehABES o P RreeBavie O e BTTeH gl ppical filer

Va \sRinfABEHAn gekh ernehdingh ke ihdleddd q*ﬂt%rﬁ#% Eh%_%%ﬂ&f th&'€econd
filtered |ight of the second wavel ength with a

detwavelspgth Wi&lytpe g)@rrgglly[-@nﬁql@ opficel Alter righ quch that the thermally-tunable
cor ' ' .

s SRER 1L By Moo TBORIA il oF HENECork ditlenk, 3EHARod ato

a tilmdwdesdétpttingetbe filtapd lighl of filid seesndhearieten gth widts s Betedor array, so as
thgt st&ifts Ln wavel e(ghclllth, due totg refractive index

chahe  Ef S BB AP UL & THES 2 PAE"Py- t unabl e

opomal fil teandthang®et, al BEHGENIOI BnPeratuiCinsSn@udes a thermally-
i ght source for providing |light of a first wavel ength

t o tyngbletopieatdiliey bavinmdpassape ithas shift in wavelength, duato amactive index
th | At ' it i d

SRS R0 Bl g BOUSER f me snsr ai
i nedalwiies a &ightsoace dor froviding dightvofragfirstweavieldnigtarte dhd thednially-tunable

o oG PRSO R SAS AT B R B g o e

COk¢cdaY vadtlagyth OThdeenb@ TRt intlRle®h dbteetor for receiving the filtered light
thermal | y-tunabl e optical filter. [0012] In another

as ngp’secgnﬁ&awgl&?gfp f@gh%lp ﬁ&r@altl%ﬂ*ﬁél?l_ﬁpg '@1 fifterz and for producing an
t ?@E@t&i@&l%ﬁ%%apé&fésb&ld'iﬂ%:tb lﬂﬁ@t@m@&ﬁﬁ&@&q tHo tﬂefrﬂ%li%-ﬁéa‘r?? F)gttical filter.

first wavelength, and Tiltering the Iight o

vwal¥llghgt h Wi atpther mppecihamofhodiol agrisingopienpetatuiré b1t atemperature
hayj nd.. shifls i vel e . dye to. a )
"2k ARSERAAE N T R GG B 1B e
t hemnekdgrh tvith althanafyitamblefdptitat fillehkaviess pseband thad shifts in
produce filtered |light of the first wavel ength. The

o PRECIeRS-(HE O 7 FRETAGHLSN0RY DERFn g § IREDRTALYTE Péamthegweﬂy-wnable

of optiAl filtércha@¥ SHoeR 9 ProdhdelTilrRrdel &€ bPihe 3né wRIVEIEREH "The method
an el ectrical signal corresponding to the tenperature

of further inpludesdatecling thenfiiltereshight af the first avavelpngih 3jith adetector and
an . . r.igat. o) r

SR POy T S lnl 01 SBLLA AR Blrmany v
deppadat filgy. a sacrificial |ayer onto the substrate,

f opmd a spbstantially cylindrical hole in_.the .

sal 9T o1 ar iy aplier ashiee  kitgr ok FaRpicaitiginast fog Sdpporting a

Pr 8érBfdneAhbORY & butRihe ihdhedes 8650sfting ladhcAfRYA Tayed Bfto the substrate,

protection |ayer coats a )
forming a substantially cylindrical hole in the sacrificial layer, and conformally
depositing a protection layer onto the sacrificial layer. The protection layer coats a
surface of the sacrificial layer, bottom of the hole and walls of the hole, and the protection
layer forms a pinch-off at the top of the hole. The method further includes fabricating the
component on the protection layer, vertically etching the filter and the protection layer at

3
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surface of the sacrificial l[ayer, bottomof the hole
and walls of the hole, and the protection |ayer forns
wa 2pisretpoof f at the top of the hole. The net hodctmstdoen27551
i ncl udes fabricating the conponent on the protection
| ayer, vertically etching the filter and the
protection |ayer at BOSTON 1978836vl a peri phera
boundary of the conponent, and laterally etching the
sacrifici al r to the protectlon | ayer that forns
t hé PREPlegal G’P“Wi%@)’ pbthe compeneat. andlafgrgdbieehing e sacrifigial layer to the
cudes a
g &#@B?ﬁﬁg gﬁ%%??ggﬁﬂkgfgg?ﬁ avi ng a passband t hat
s hil@Q14] i n wdiv elotimg tabpect] aovavelesgth ebmacstionvdevicedaoludes a thermally-

er at ur e .of ermal | y-tuynabl e ..
o b Phrd o SIRSIALADRha WS sBS I Faselenkttn 3, G agetipetive index
ab&l@z{ﬂg@ rasfa@émp@amey ¢ thgtheaskiB tadbl@dptal filit{changes. The device
wavel ength into heat, and for coupling the heat to the

t hé&yhsr mgludesanabsordst fos apnwemrtgéadla @e_fwtc@avaleggth into heat, and

in
L eg%ﬂkgﬁ%ar% ethée %ﬁg{t F}OSt:BcH) rtl%ﬁrgﬁl?% té{ﬁ?rlgff 'oeﬂ!{%tg %1 at hl‘he%ltevfae Ialso includes a
fi HIE@TSOUSI oSclrr prondding tight 4t erseeuind ywayv ellesgih ¢o thpttlner.mlallf?—tdmb]e optical

e S Sl Flmp i e Bt o RURI v e second

| i glvelaigth."Ehs@sRduME ehhitieh B dbteordt £dA eceiving the light at the second
t her IIy }unable optical filter and for producing an
T

el @'@{’? eghe fhepBpleWpaheippiiat Blterigad forgreduginganeelectrical signal
S e oA pYYRY Iﬂnt%rlﬂé %ght-ghﬁle d&bng %va%léﬁ)gth n‘f‘hé'ﬁ’{vg K %10' 1ﬁ§1u3é§ optics for

di rectl ng the ra ation at the first wave
t hdiredtiag thel tagiatiemattshefitspwaveddngfh ¢nte the tlTetrmally-tunable opucal filter.

sone® Bt MR o SR fbrebhic s GRRERHE br Bl el s

abszavé:ieng&t toll&atsdndszbmbs)ﬁt ledsesdneadf.thd Bd.5] | n anot her

aspe t hod of sensin enperature includes
GRSt ng T 3165 FSDRSH 5 EThoge} STBIRG EHEmPerR e Mg desRonerating
lig éﬁt obh firdt Qvafvbléﬁéth WRY¥eing ik lﬁ’ghbe fhe Rirdt %Rf@@h M SHMahErmally-

optical filter having a passband that shifts in
waFapilp gpm\cal filter haging anepsbaed thaeshifirdiawwayrlengib, duggo g refractive index

Eegﬁr%lglg@tay ere%tgl% F;)trf ?%{J@%ﬁy i e% cﬁx tf lfé l:l%aﬁlél:%, & 24§ to produce

Waflbdbred] Gt of Thedimstew inetbnf i The meittroel furihm mkﬂildﬂs tdbtegtntgﬂie filtered
wav el th with a detect

Ll e st ayRleab vl 4 e iR PREbPng e il fal

t heortespaaingtto e @ipéragird M@ﬁefﬂal%ﬁ@l@o | fRdr.

filter. BRIEF DESCRI PTI ON OF THE W [0016] FIG

1 shows the descri bed enmbodi nent of an IR canera

SYBREIRF DESORTATIBINGOF T2 BRAWINGS | ustrates the

f| I tering characteristics of an individual pixel

respect tq tenperature. [0018] FIGs. 3a
shoﬁG helors tb%&t’rsa@bfislﬁé'}abgé{%t ot MR epmers ggtenp

an b wth a
[%0% FIGs. 2a and 2b illustrates the filtering characteristics of an individual pixel

element with respect to temperature.

[0018] FIGs. 3a and 3b shows the filtering characteristics of FIGs. 2a and 2b with a

narrowband source.

[0019] FIG. 4a shows a cross section of an FPA.
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narrowband source. [0019] FIG 4a shows a cross
section of an FPA. 4 BOSTON 1978836vl [ 0020] FIG 4b
wehes®2200 ef | ecting | ayer bel ow the trenches beCwasmo4/027551
pi xel elenents. [0021] FIG 5 shows a top view of a
portion of the array of pixel elenments. [0022] FIGs.
6a through 6h illustrate the process for fabricating
the pi xel posts. [0023] FIGs. 7a through 7r illustrate
otg Eabri catign techni ques for the pixel posts.
[0 @ﬁ" FI G Fi85 4888w areflsstane lavar helowethe enchas bafweeikeikel elements.
arrays. [0025] FI G 8b shows conponents used for
vaé pac kﬁd- Aghews afpprpey of @porsipn pf te agey shipinel dérpents.
con&gztr%ents of FIG 8b being assenbled. [0027] FIG 9
i | 190221 at esFI&Hs. fatheqush Ok ilystrisrthaprodess forrfetiricating the pixel posts.
node. [0028] FIG 10 shows an IR canera systemw th an
NI 0023l ce Blfisetubrbuigh 7t HmstrRe bthesfabficAda jtedihiGuesfoo e pixel posts.
an IR canera systemwi th an NIR source enbedded in the
Nl 002dhs. [BI0B384 shews a deswilvprefataicated pixel ays6. on t he
FPA redirecting NIR Iight froman offset LED. [0031]
FI (00258 shdHS:. 8b sleswat @nipsactasitiset Hernwnih @hckakB@ 22 hn FRA.
figures shown herein are nerely illustrative and are
nof0026hwn tHIGs 8aklisw sl Adnkyiiaehik SERICP Bb@ing0e@3ividd e
descri bed enbodi nent is an uncooled, infrared (IR

capioed] systE®. b iadstrbeesn IR esnah kysidny 0841if rGRE( I Fhode.
filter elenments that respond to 1R energy (e.g., |ight

Wi [0928RV el eIGL o howsGRl TRYcah@ Ry S8 m Wit BNI® schRcd Bmbedded in the IR
al t hough ot her wavel engths may "be considered IR - al so
ref@fred to herein as IR I ght and IR radi ation)

radi ated by a scene to be imaged. The filter elenents

notl928k e a HEatl siRwsRER cemera) systemivjthedn XIR spurce éngieddded in the

W kiR pwavel engt h of approximately 850 nm - al so

referred to as NIR optical signal, NIR light, probe,

pr i gn 0 | j.aht) as r | t..0f.C i.n
PO perag T2 o%R ceb b B PRt G g oo
caoffseeLEBi gnal with a NIR detector (e.g., a CMOS or

CCD based imagi ng array, or a p-i-n photo di ode

arfo89)]l 5 FIG. 13 shows a remote-readout thermometer.

[0032] The figures shown herein are merely illustrative and are not drawn to scale.
DETAILED DESCRIPTION
[0033] The described embodiment is an uncooled, infrared (IR) camera system that

uses thermally-tunable optical filter elements that respond to IR energy (e.g., light with
wavelength typically ranging from 8 to 15 um, although other wavelengths may be
considered IR — also referred to herein as IR light and IR radiation) radiated by a scene to
be imaged. The filter elements modulate a near-IR (NIR) carrier signal (e.g., light with a
wavelength of approximately 850 nm — also referred to as NIR optical signal, NIR light,
probe, probe signal or probe light) as a result of changes in the IR energy. The camera
system detects the modulated carrier signal with a NIR detector (e.g., a CMOS or CCD
based imaging array, or a p-i-n photo diode array).

5
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BOSTON 1978836vI [0034] The IR canera systemis based

on a thermal sensor that uses optical readout. The
wanasroeygong principle of this thernmal sensor deecmisbh®do27551

herein is sinple. A narrowband source generates an

"optical carrier signal"™ with a specific wavel ength

spectrum A thermally-tunable optical filter is used

at the sensor |ocation where | ocal changes in

te erature cause the filter to shift its filtering
Alim  THe IRgeakerasysirgds brsed oa mikeraaliscasordliat geesdpéical readout.

goTﬁ{ﬁHﬁfeﬁg{m rbranﬁ?» iR ek gﬁs%# Hés%tlbgd hetréPEYS ﬁﬂﬁﬂlep% narrowband
ueé ' tora on roman ex rna sourc e
t hesured genetaten abFeptizal datddr signal’ewithpd Epeeﬁﬁze)&vbhﬁgth ;spéomaln A
carrier_suc rresulting i

of thepallysiups Folétfcé‘]twgllteréwsefiﬁét ERSEY OF?‘tF‘{neV?h N%C‘ﬂ lel‘anges n

OPtenftartie bafkt He ﬁ‘[Fe@%d%lﬁ“ﬁ its Bfedif! PecirBMCThOlockithnges in
resul'ting light, and the detector is sensitive enough

t otegeEnsire and bewlae i ambientienvieonmenial temperafure; ot they may be due to

o] )
oW 03Pl U obE B B ol D5E s e
t haptidabcdatigisuyh Ihwrlab kesulting i ghtemmr @taﬂuet” of ke datridr eignal and the
[ i conductor materi Wi th '

I ncor porates sem refractiv
i n&f‘é’ﬁg&frﬂ H%Pg %%tF?t%’&F%ﬁ“EFﬁ th P%‘f’ﬂroé%iléfeél‘@ﬁ% l‘g \» and the
SOfidtelctsit @ts&)snfve BAkgh 1 BbBcifanl MeaRird §@AN Eldnb&Y in (REB1al power.

for exanple, U .. 10/005, 174, filed Decenber 4,
20 3§K1d endid Af?ﬁje e\ NN @Hﬂs%mgll éeﬂ_@?qs afﬁﬂﬁﬂayer optical
U S S 10/ 174, 503 filed June 17, 2, entitled

" | BERraONABEERTHEfZh I tvablereidr REGRIBCIRHS RGBS inbapbrates
N —
er o er mat at” can be used as e

eria
t heneﬁte a@plid-stateaestse thin fihe sptidah fied (sdepfdriekdmaple, U.S.S.N. 10/005,174,

f}@éﬁmbqr' d ?Qﬁ%nﬁ%gﬂﬁ{m#g}a%g@éﬂg@ I?JE?F&R-” and U.S.S.N,

PO (il 7d, 56, fildd ek €7, 2083 teatifed ‘GNDEXT TONABTE €HINIFSLIT €
associ ated with different operating ranges in ternms of

pr BREERTIIRENCRALRA BN S, basly e5Which aferia¢qupioratgd ipssirpipyereference. A
V\’aﬂlﬁjnﬁé? o G&er Ingtgé%ls th-ElIE bah MSEJI L\@%lg rthermf) og C}c lagers in these thin film

t enper ature-tunabl'e coating nmay
v aﬁltmmaﬁmsubdudmg esrnthapem (f thg pmbetvbmzehpgﬂhus:hﬂngb @ number of

t he use arr. r Si
ehelaia® (P B palbinifS, PRLy inid Bl ot e s are associated
dewah Aiffepéht opEBBYY rad 18 ih BrmO W PObE SighaliviRivelength] suésiBBSncluding
an overview of the IR canera system followed by a

novisibifevaicleagthehar act eri zati on” of each of the canera
conponents. The description further presents the
vakli0dek nariisavigiayagicpperatiretmablg sefinggniyns apphedto heariety of

. ﬁéﬁ%@ﬁ&?{@%ﬁﬁ‘%&n th@%?%ﬁdapé‘ﬁ | Wil R EE e T e OJg'ﬁ@cfd HRT si@hal, its

un I ng tonce he caner a syst
temperature may then be remotely and precisely determmed

[0037] The following description provides an overview of the IR camera system,
followed by a more detailed characterization of each of the camera components. The

description further presents the various manufacturing techniques used to fabricate the
camera components, and finally describes other uses of the underlying concepts of the

camera system.
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6 BOSTON 1978836vI [0038] FIG 1 shows the described

enbodi nrent of an IR canera system 100, including an
wolzbvsgazaoce 102, a col limating | ens 104, a ref PeTse004/027551

106 (transparent or nearly transparent in the IR

wavel ength range), a focal plane array (FPA) 108, a

reference filter 10, a focusing lens 112, and an NIR

detector array 14. FPA 108 includes an IR wi ndow 16,

and_an arraﬁp?f pi xel el enents 8 nounted on a

suld@938t e 1PHC. 1 shoyws Healrseribsd epbdimest efpsrRscameg system 100,
sub 5115 gg art RER 80 cd 1@, 5%{)1% Eﬁg Iehb tlf)] k trgﬂéctcc?r 1@B|(transparent or nearly

pac aged”In a vacuum sea enperature
Wh itznspapgnt hethaﬁlk mtaxeloegth mnge), & Iﬁmahplaﬁé acdyr (lFIPAO @08, arreference filter

b th bi | i
Codths £fogiiafioh  HE 3Eb B dh Ao o FERLRratidst o TR
ar QvihdEw 3 PR bn BEAY dhpikd) SlefiRAR. 118 htouhkd ola?a%uﬁﬁht@?zo IR window
omtted. [0039 Collinmating |l ens 104 fornms the |

|
b ikl shneals HGpsibNTS® I heveesandadirer 1 b0 arev peskaged in a

| hagp bl . LA QIS L BT WERD i

t hrcoolgh(FHSOUZRN @shedmcﬁb}:d hereiny s thg tunabiitPcdefiiviansoft the FPA 108
NIR Li.ght, f P to N R detect | R .
11 R arer gl 1t B gl e v 1o TG (Z2amey be omited.
ol ne iellpiiaes S dTarh e Hia Tas PR opites ke into a collimated

el epmntI4, ]xillﬁch R BEE offﬂﬂ—’ 1d¥eRoL $66 & th&BK wisiowh6r FEAMOS Collimated
conpatible with a silicon fabrication process, FPA can

be beth d@¢ pysserciiensich EBAFOR and Broushtfoensing lepel I8CHogusing lens 112

I t
o SRR ETRORTR eftto RN R Bttt ol AT a2 from he
on@cemfe to beinzaged 1 2®1s fpwsed with @Rrdaxis 28, passea through the reflector 106,
una I e f.ilter that, proces .he
N TRl e TRADRANE (R e Bt et of PRELERRES 18 o5 the process of
t haﬁaknfg the FBAG§ EapaBibletwich 4 SARRY f@brida8ioR brdcB&, PPX@hn be directly
elenment. IR |ight 126 projected onto the array of

pi Beosise ek Ebriepis kO ilin GER aid MO SRRSO £ YU igegrption. With

IRS@&%rapémacIuﬁeyﬁfe me@ﬁsrms’ﬁﬁe &gfighn) deposited on the
surface of each pixel elenent. The p| xel el errents 118

capga] "edepoh dhe BRIHE') gy of 1?%1 e?éﬁ? 1@ & tlll H‘fnable optical

r adi atl on, so that an oha I ng erl
n oflltﬂletbetqzracreyses Thﬁel\lﬂéhghtpassglgttlm@nglmwnh rdilgy chamaetresac that is a

I I t t.h

Sl PR PPt LBl ST RSB0 i S BB ey o
NI Bixel gbheas 58 RohVured ghthtdieal Bhotel vRAGRARAbEGHING 14y (described

I ocal@ws enperature at that pixel. The two-di nensi onal

f i Pereiny) Agpasied o the sprfacgof sachawxeéfﬂem% | The| pixgd glegnents 118 can be
t hysadbf @ﬁlta{eﬂafﬁﬁ@b@&b%&eﬁﬂﬁd&ﬁa@%ﬁﬁﬂ Yso@hdtlat 12B@tibhf Tbsorbing

the scene 128 that Is belng I mage
material is not necessary. The resultmg thermal energy creates local temperature

variations across the array of pixel elements 118, so that each individual pixel filters the
NIR light passing through the pixel according to the local temperature at that pixel. The
two-dimensional filtering pattern of the array of pixel elements 118 is thus directly related

to the IR energy arriving from the scene 128 that is being imaged.

[0041] FIGs. 2a and 2b illustrates the filtering characteristics of an individual pixel

element with respect to temperature (other aspects of these figures are explained below).

7
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[0041] FIGs. 2a and 2b illustrates the filtering

characteristics of an individual pixel elenment with
woesE@eroob o t enperature (other aspects of thesectiugeoes27551

are expl ai ned below). 7 BOSTON 1978836vlI FIG 2a shows

the filtering spectrum 136(1) centered at of a pixel

element at a first tenperature T . FIG 2 shows the

filtering spectrum 136(2) centered at | , of the sane

pi xel at a second tenperature Conparing FIGs. 2a and 2

sh&¥e. Zashowa thetfHtering aprstramuli3é (1o centbred pt Aee bf @piselaiement at a first

changes, t Llterin ectrum of the pixel el t

O . I R ARl ey B G L o the same
| NpBRPRS BERIMBbdHAR T arifi8 TREA 1L ¥ind PREKOWNIthAL af (R
bandwi dth of the NIR Iight 124 ©ncreases the detection

r e&epneratane of thepixed lelemgnhchangdst e diltetingspecirum of Sisadxel glgment
13 ] t . t il , '
ai sty oA Bl ol RARRELG ot Firbey e IR ERRLER. ©

| , k h i W
T T N ey —
t hdetbétlonaesapatof wavelbhdte shifie obie ditderipacingm N86(1). However, the

necessari | %1 narrow. After the arra¥ of pixel elenents
1180 Pk e Sltprepeaiaghis dgetdyrelaiegrie thezaspopHyity pf e pergl element, so

NI Gnd éthaib3Re PREFESTEM Wtﬁ%hnﬁlﬁ%aﬁﬁ%ﬁft@r[‘?x%vfd&ﬂ %t £bery 4ep slope in
whi ch passes ohly a narrow bandw dt’h of the filtered

NI kel filighspetB0om vRiile, the bandwirts ist 1 nedebsagity wagrosip ddter thearray of pixel
13 f [ n | Rl | e, r

¢ ndlefiepts 195 BREGTNAR N, Krkahl 144, ot enoh QONBPAg 19T Bses through
13fekfeamcofiberof 10 Whichipxsés @ile aasriew bandwidthaof tis/filefred NIR light

pi X ts 118, The shaded overl|ap regio . .

P o 3% Phdvsdhc Bl o 1 54 51 bF RerS PP VIR ight G.e. the

t hgectr@R©R @ fefegerltd BRIt heCihe FiltbAng Sferuml 35?9%0&&& the pixel
same two spectra with the spectrum %S(géZ) of the pixel

shelpmefs in Bymapay pbpigelelenaatcHanddeis @Verlapi ragiap rqpresents the
e n%@éﬁengﬁb ?pe Y t}féleﬁéjlt?ézig fhat RalifRe t@ﬁ?ﬁ@&é@c‘fﬁ 1 1{ﬁﬁ gIG. 2b shows

region Is I'ndicative o e anount o ange
I nthedeme twispeees gyth thd Pectridm 136(d) Sithes pixel dhifeedsfeone A, to As due to a
but with a reference fi

change in_|I R eper [ter 110 L.
haSEe dhe BirHept B pevs | EmouBR SaEkio g theshfdegrovgriap region i

| ag@fchiivd 6ﬂh@aﬁ@ﬁﬂt%‘ﬂ@ﬁan§@ﬁﬁ&1@ idensiReGler M £, 3a and 3b show the
Conmparing FIGs. 2a and Z2b to FIGs. 3a and3b shows that

i t samp chgsgeein IRenakey dut with girefersnesairgd 10 havime exteamply steep slope
. . a .
of tapieRctibEHar BN Gicth HERRL NREIRBASHLMTD AR i pparing
s aR¥SGsc haagk2h to HIRs chaand Bb shdtBit ifleasiaftordetrcten givéit eange in IR
Ois a thetoo-optically tunable narrow band. filter
i etery iR DE Pefihanfidastoch SP0rt GO Rih DErRee Sberraiet pefeent
a ﬁiﬁ’éﬁ@ic@ﬁﬂﬁ%%rﬁg%r thé meeran® @IRGnérgh0 0. 9 nm  The

reference filter 110 is in close proximty to the
arfoad3Pf PivtRlreRlABEAHS 110 is a thermo-optically tunable narrow band filter with

a center wavelength at (for example) 850 nm, and a fixed bandwidth of (for example) 0.5
to 0.9 nm. The reference filter 110 is in close proximity to the array of pixel elements
118, so that the temperature of the reference filter 110 and the array of pixel elements 118

will closely track one another to reduce errors due to different ambient temperatures.

BOSTON 1978836v1



, SO that the tenperature of the reference filter 110

and the array of pixel elenents 118 will closely track
wonesanzoher to reduce errors due to different pamuised/ 027551

tenperatures. BOSTON 1978836V1[ 0044] Fol |l owi ng t he

reference filter 110, the filtered NIR light 130

passes through the focusing |lens 112, which focuses

the filtered NIR light 130 onto the NIR detector 114.

The NI R detector 4 produces an el ectri cal %Mfl 132
corlP@ondi Fellewing the refpsacaditien URatheifiligrd N.H{ hR13G passes through

Pnraghbf)gke?l %ﬁéng T?Z f\&ﬁ)‘f&lsﬂo&ﬁeé ﬁlg?ﬂtl orlﬁlqlr‘éh?%@ bt tﬁ %ﬁ]&)etector 114.

nated I n sone cases, ance whe
FPATEQER| d&etegtaad it é @rcuﬂiuc&scanle}ecﬂi’tval dignaNll ;2 drm‘aspcbmlnngllé the two-
Thefocu3| Ien my. al so sed to "bl ow.up: aor .
e PG b s SE NIR TRl Red B M Trsthe 1905 iy Shgiusing tens
CCD1o m@%naﬁﬁaayd ®ABme @ades G6r inSandeehdN R HRA 808 ersté’cked directly
to increase the signal-to-noise ratios (SNRs) in th

pr &dbe NIR fefaeier 1T|4hé[hsrfn=@“élélﬁ lgp8 1l A anay adsecbetpged to “blow up” or enlarge
COre e@mg éjPAt %er o%h p| 2 N‘ﬁ&@%ﬂbfgeiwc% %P%ﬂ%ﬁ bt Ased for the

one "di splaye y usin
contbiRrdstectir § v ksintreasm theibighahiie n@eravios (30&s)pn telprojected image.

! STBSHE, A o F E R  L Bems

S ucz)lne @ispliyede thendal Y& iagi Bydisingttbe cdn@QAG] sidia® B8 halifiple CCD or
performance of the thermal imager may be nodel ed as

t ol4N(Re PixeRelemgnts o @Hui?ot\hérnhﬁ#eahC@Péﬁ@MQ\Sunp@ﬁ iriardigitgbimage
= Préte8 Iﬁi@qﬁf&ﬁ RESvD thfad a@?ﬂterlﬁ)% Abera 1 %te(el

el enent [ ter errper ature w thout [Tu t1on:

P Tﬂﬁgﬁh eI e’f‘ﬁ@&veﬁ 1 ﬁe?@r&%@%& F}feL{ﬁ&m‘ﬁfl fntfh'gjeﬁnagﬁg El%'délg&] as follows:

T= -"+TKPixe ment filter tenpera

AT =P / el engnt filter, wavel ength w t hout IR
i 11 unmi nﬁfcaéfr‘?tm&IpoﬁegngéF%Her?WﬁnérB maVeengt h with
IRillu f Pixel elemsntfllter
transn1g§?%%ﬁ§@m?%g§P% g?gﬁ%éﬁﬁaéglgﬁg@h )

The nodelxat @emertifiieatenicSRat WRRBRI TR 1ﬁumfﬁahoﬁ 0046]
Therefore, if the terrperature of the scene en |ronrrent

changes ikl ebbiR fRE il IRbEGRIOF £PAMLL Do

nodul at e ence can

Pixel element filter temperature change: AT, =P, /K

Pixel element filter wavelength without IR illumination: A(Tp,

dA
Pixel element filter wavelength with IR illumination: A,(T,)=4,, + T—f AT,
f

Pixel element filter transmission at the reference wavelength: I F=1; (ﬂf )

The modulated optical signal power: B, =P, -1, -1,

[0046] Therefore, if the temperature of the scene environment changes, the NIR
optical signal after the FPA will be modulated, and hence the NIR can detect the change:
dl, .d/’tf O T3 A

AI)m:Pr'Ir' < .ATE
A, dT, K

[0047] The relative change of the NIR signal is
9
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d dt [0047] The relative change of the NIR signal is 9

BOSTON 1978836vif f d dl T .A DP* mdl dT Kdl dT K A
w0 2005[008] The sensitivity of the overall | R eam@isan04/027551

system 100 depends on the sensitivity of the NIR

detector array. Assune the sensitivity of the NIR

detector array is h (e.g., 10 3 etc), then the

systeni s noi se equi val ent tenperature difference

(NETD) i s NETD - Tj=h ddl TA[In(IQ d[IOlog(l )

di TAd dT K[ 10 dl 1/0 dT K [0050] Fromthe

equati on above, it iIs dbpad,épta,;ehﬁj.gt eepew! sl d@JesajRnTj.A

filter transnj,gssi éjn', rhughéHTtérrpekaturéTt ugﬁbr

the filter, snaller {hers f:frnfffgpflnixp{{ AT

el ement are tRe inportank -pielAparaneters drivipd,d

smal | NETD. A small NETD results in greater

te tur ML

IR st e L Or BpBr 2R e CarRah Shotont 160 aputhd Sfne

t heenshitsref thediiffedetgooamtipy. TAssumerthbbansiBally pf Be™NIR detector array is

filters.used.in the FPA have been.shown to exhjibit .

tr S 407 B0 oPes B8 Y43 36 B SHRRITH e g shlrgipnce (NETD) i

wavel engt h of 8%&m for which | owcost optical

carNE?bzsource[s & co only available and for which

| ow-cost &Il idin gONGS .an %@gﬂﬂm'%ﬁg ap}yld/pagg er’. 4
f “IR Te . e 5 R

wavel engt lJCHHb th ee{——t—e—t—ej'pe -attH-

AR VAR A IR Al (i (%highl y 0] 68rn pek

degree. [0052] For exanple, assune that the silicon

ox[®s0pr si | FroanthBielidtide ab®legitigdpphreht @bt edePad 1Rk Yn Blter

pol ymer, material) used for the pixel post in the

de HERSIHESEP e Hsbes tRmperatuys fuaghility ip fhe filter pad sapaller thermal leakage from
co o _ . et

£ o i Mok e he dmpbffn gl bt B Sty B SR TBE e small

r eBi tegplisnn grepiee temyleratam desoluition ayd bdtteP sensitidity fokthe camera
LstastEgl} P@;gﬁd ﬁ’lﬁg b&[&? %gclera '&Balﬁ? 8P iR Itﬁ(e?rlnalhl?nségg surface

[0051] The tunable Fabry-Perot filters used in the FPA have been shown to

exhibit transmission slopes of up to 30dB/nm. At a center wavelength of 850nm, for
which low-cost optical carrier sources are commonly available and for which low-cost
silicon CMOS and CCD imagers are applicable, wavelength tunability (with respect to
temperature) of these filters has been shown to be roughly 0.06 nm per degree.

[0052] For example, assume that the silicon oxide or silicon nitride material (or
alternatively a polymer material) used for the pixel post in the described embodiment
typically has a thermal conductivity of 0.1 W/m-K. In the described embodiment, the
post is 5 microns in diameter and 10 microns high, resulting in a thermal conductivity of
2 x 107 W/K. In the described embodiment each pixel has a surface area of 625

microns?, resulting in a noise equivalent temperature difference of:

4.3¢9-7
oy T 3

e

NETD =

10
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mcrons2, resulting in a noise equival ent tenperature

difference of: 10 BOSTON 1978836vI [ 0053] Assum ng a
woizaeslozzosor pti vity of 70% CMOS or CCD i mager PCT/US2004/027551

sensitivity of 1/2000, scene background tenperature of

300K, the resulting NETDis 0.1 IK. NETD is inproved

drastically wth increasing scene background

tenperature. WienT is 700K, NETD is 9nK. This neans

the camera can detect nuch finer details of a hot

obj[¥B] t hanAgsugdtar PBFlabsorpity olet0fo KOSee C&db Bsagensensitivity of

pi ’i?iooﬁ %gneﬂ alRGlindxE ?Jﬁ t¥d 593008, tt&' ttldeg@ Hé@TlK NETD is

us I NCrease t eratu
r empmt/edmraﬂicaﬂh with mmrasmingl sna@éfa_ckgrem‘ﬁ%mpﬂzmmmat%yn Te is 700K,

be eth a evabl res ons ity of the . .

o £y TR0 65 AR Lo 0 Ak iARGF dqtallsef aghgiobject than
or Q_%Bldeb]J ek OPfirthermdte) iiBEhdRY 1r§15i§&1%mebi‘fﬁa|gér ééﬁélﬂ@it}t Ik Bixel insulation
optical filter system can be construct have

si gwwfaﬂl&&msworfu@hﬁé ANCLRATP) mea@rap@am@sr@mwtmrpf alee thermal imager.
ared to the 2.5% K typical in uncool ed bol oneter

ar [ 4] rrag eVKimangly.deemuse ths| aylnet/il’ﬂlfsr&ampamtag'éthmlyerbﬂ@ optically

us ny

or g.glgél% nlaﬁ W gﬁd ﬁ{t&ﬁé 61f1 Mle ol?c?er%?gg(gfs] /S’Iél %g eﬁ%@ %‘;s?eéra hlcl:lgc using this

pr opitiel filtexsdystein@abh b¢ cdﬂ'sﬁ'uditedl ai have |s§gniﬂcgﬂiﬂ3t Kphe tahpersture

P ipS ShERUREGHY 1 S50 AUGIn Gepoletd bplgpees aray imagers.
ap PliefitivQ 9 Sthis Wi 4nbh gdd d]y Raseertuihgedih fST‘ﬂ[eedeg%h%hh

bel ow. N R Source [0056] The descri bed caner a
sy SraBwiagiugng Brocess inerdaniorroauiiaive PRIGRSY ylglldtand tedyeq product cost.
cha es in the energy of the ER light 126 fromthe
510 beTherrslgtively Bigh temperhigredesantidsed temtbodiakeensor upon which

th r i t dj ode

e R SRS Ba B e gt B RS b be eseribed
at irappreaietaiteictivy 850 nm The LED, coupl ed with the
reference filter O follow ng the FPA 108, produces
narrowband NIR [ight at the detector array 14. [0057]
Though reference filter 0 is | ocated behi nd FPA 108,
reNeRsogeef i lter 110 can be situated anywhere in the
NI R optical path between the LED and N R detector

ar [(og6lLl4. THR dRsbded AR BaéraRyA&h 100 ke be A&Lovhnt NIRAight to
in close thermal proxi mtﬁ%to FPA 108 is that its

ﬁ?feqt&h@rg@s i the erargysef the {k Lkt 128 ér%ﬂfls seepeio be bragepA28. In the
escli 4??? I 1&9@1@ |thd Nﬁ% cogtd 1 1@'& emetth‘% & n@%)‘d@ﬁ produces

erence fer ‘are the sane or
| smd@rawbcwslsbmryl NIR lggbntendéred ht&ipprmmelwéﬁo m&s ThetILED, coupled

TE%RB rtheorte tence flmzr flo fd ﬁé’v’vfﬁ% ‘the FPA 108, produces narrowband NIR light at

the detector array 114.

[0057] Though reference filter 110 is located behind FPA 108, reference filter 110
can be situated anywhere in the NIR optical path between the LED and NIR detector
array 114. The advantage of placing reference filter 110 in close thermal proximity to
FPA 108 is that its temperature will closely track the temperature of FPA 108. If the
tunability coefficients of the FPA and the reference filter are the same or nearly the same,
it is not necessary to control their temperatures with a TEC or other similar device.

Temperature tracking between the reference filter 110 and FPA 108 is important because

11
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Tenperature tracking between the reference filter 110

and FPA 108 is inportant because 11 BOSTON 1978836vl a
woheosge290m t enperature of either filter 110 or PEPAS1®8027551

(wi thout a correspondi ng change in tenperature of the

ot her) creates a change in the overlap region shown in

FI Gs. 2a and 2b. The canera system 100 will m stake

this change in the overlap region for a change in

incident IR radiatign. Therefaore situating the .

r ePERRHEEAN fSReEATg fgel&eg éﬁﬁrelr@, orfFFA l%éwgeut a corresponding change

| M efinte 8f 8 btheblrdifR 2 dRaYad iR Sy I?region shown in FIGs. 2a and

therno-electric cool'er for reference flf er 10, al ong

wi £2h. Tbe dbmerk systene 10Q will inéstake élris Flimge OBtha nuertapfregiom 6 a change in

filt sa th temperatures of .th

cotsHleatPCragifioh Hhertists SORRE Bk ¥iRadH fale? TG f8ynere, for example
| ngheediaely ftr DDl 02 pag bajpiesOihefifo-Bletiiic @oslef @F edF€@nce filter 110,
filter, one could use a laser transmitting Li

|.i ght at
apploas Wik srdpagsraniy bstwesa P4 J&kandyetserpee Eltgr 110, so that the

sutdi e | V. t eep
o K L Y 0B SO I B B

f up(ﬁiﬁf nar s 4 %sl}l'g% b?@eﬁﬁ;%ﬁ&']fﬂur \Hﬁﬁ&' gﬁerteﬁkie%ilter, one could use a
extrenely narrow spectrumresults in high sensitivity
t olasér tvasinittinghght @happdesmricketbOainpvdince 4 bectiproduces a sufficiently

circuitry .between the so types of .|l aser.s and .t he FPA
eV i SRS AR g vay AReRBER Ao ferics il i P bspiceded to
t héurttRs drr@n thetNIR spBAvuint. a8 kh&waR tidb ek tidiely S@rdv sfectri@ results in
center wavel eng}t{h of  the light fromthe | aser tracks

t he1BHAERFAATY tBfR v patioph(asidpicaibed abaye). dredbackiicpitgrbetween the
M0 $dm S Bpk S OMNAUEL £1d hABIEK naly YR Geliskdly E@gﬂgn%ée%ﬁa;ﬂtlf@@eram of

| asers,” such as sone verticCal cavity surface emtti
| atherlasef u@SEe EPA tesiglonre anotlzen, soithat thiecdeategavelength of the light from

wayel [ rature. j.e., .nn .

VNG EREL A aREEL b PPbSTRR, oAl B M emonducor
t hhsﬁbyumrvﬁtmtﬁmpa’atulm Satne 1ises, iehds b@ne sardéal geﬁﬁ@&ﬁfﬂce emitting
cifcuit th_a calibpration process to avoid the

cllssTs VESEL R stops by @@iﬁ%é? faelength gvafg\é?spp%}éa femperature,
Pl a8 endVK)aMr E6R)to HRARSbilfy 6f 8 FTeekkidrOheRby b€ cdiMiminate the
package 108, packaged in vacuumis shown in FIG 4a.

Theeedmar 1B feedbackarsuit With apalileaios prasass tp gvoid the adverse effect of

trani NIR radi ation, so as to allow IR
1i g PRR Ebenrd Baltl L A N R 1 ght 124 from the

NI R source 102 to pass uni npeded or nearly uni npeded

t opgep Yifgycomponents of the FPA 108. The IR

Wi WQW_%%_W)EO vides a hernetic boundary at the

to face . 0, ' . .
LRI 2o Bt D580 A0RRARKERE, TR ARBEL Bty shown i
r eBl(E dar &ht EPAHI08 énobidel Bh IR gliidowlhi thatds irrgsparent to IR and NIR

t rI% 1Sa %Irl,esgtas ?or alﬁ%afl{ 1¥ghtt rfr%?nst%grsceerﬁg 1&? arl?c? f\IH{ light 124 from the NIR

source 102 to pass unimpeded or nearly unimpeded to the underlying components of the

FPA 108. The IR window 116 also provides a hermetic boundary at the top surface of the
FPA 108 package. The described embodiment uses a ZnSe window coated on both sides
to reduce reflectance of IR light. The coating is transparent or nearly transparent to both
JR and NIR light.

12
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IR and NIR light. 12 BOSTON 1978836vI[0060] The basic
conponents of FPA 108 include a substrate as
weoeuppartdong base for all the pixels, thermllypPCunakios027551
optical filter as sensing elenment, a small thernal
conduction path to substrate, and material for
absorbing IR Ilight to generate heat into filter (this
rrateri al may be the filter itself). One structure of
i‘fﬁi’@ is shown in FIG 4a, [0061] The FPA 108
PORfds anThe pasic ompopsas o B} mnclugg a sphsiiatess sypRogting base for
i's
coﬁ%ﬁ@%"%%l?%pf‘h‘i;‘?Y?%%Phi@%ﬁ?E‘gP%% B ZEIER  spl thorma
t heosdispion pathdo substate,cand ni@gial fir@bsdbing m/shght to@enarateeat into

. ! nts? i e B e Byl e R B i in F1G. 4o

ci 1) e A 1B PSRt Rt Sabopphich i

t h Supior@l biya p%apmm{mg ey th'éﬁnél‘ condithvitP thafliheBAIB is@htes the pixel
the post is approxi mate %B/ mm Trenches 152 between

t hdrom the|sypporng swbstraie 130, il6H Askowsatopivias ef amgtipp ehthe array of
on t r h

o ppRPekRhis 195 PREKIRkIAISTR 188 RAAn) i 3k Gl e single
e n lvapmetingsmrss 146 shnoW;a agh btdken-ﬂnm@blsclel Imrthel d&scﬂb&cbembodment the

I R di t 62]_.N R | t ..t hat .
't ﬂ%gﬁﬁ%ﬁ?& A D v'égéﬂnﬂq'é%rﬁ Jiepeicnpahanps i
P #@t]ﬁﬁj 'Pﬁéneﬂeg 15@9&%&1 the ﬁg& 014Q t?é}fdaﬁ? solate the pixels
f| I[tering o th

the pixel elenents, erefore tan
d| 148 érooy onerarleﬁIEeuoqarwentthtMI ndsthlit Gte fiegmallisdatongiredded by this

O o Ay SRS Y e e

d| t&tiitlon. bel ow t he trenches 152 between the individual
pi xel s 148, as shown in FIG 4b. The reflecting | ayer

Pr¢oom2y s t hNER Uptek hadsesihPduigh iheaidnchdsOm pabRdeN @he pixels elements
throogh the substrate, without interfering with the

fogulategrhy tb%%{%@lﬁtﬁﬁ%llf’gwttcﬁ]eﬁ]m%l thepizel elements and
r etle@Gbie\an UBY R or 20td:S wﬂg &b Mat&\i‘lﬁégﬁﬁe §t|e3 B% & NIR detecting

used in a transm ssive no
pasyesl lfh r& mqbctihglaF@R‘OOAmd@b&mdm the Slibalya‘.e 120 only in the region

an ct ati l.ayer..coul.

of Uit oD IRTeGR A3 2pe R o R PR RGO 5 n i a0
r efIhe &tﬂevﬁngﬂasiﬁ préiteﬁﬂs tidls imhb@ulited BIR pHO&Yh PEssingf through the
anti-refl eefl on c %Wﬁyer coul d, be netal, oxidized

mefUpstalg, wiheut é‘tt? err’é‘g #fated dight prysing Hraughte pixels. The

th ?ef&%ﬁ@@lﬁﬁer@b@ idARed witéh ﬂﬁWﬁ%‘Be had ih R eBh@Rsdivd hode, ie., when
fact or is layer is not needed. One can al so use

t hNdR |ha§1tepasm§ tl@ﬁhéh@e FPhe Pﬂe@p@tmwlawr Qrfantlheﬂcfcnbn epating layer
f 0501115] %5 ?%‘&qn Ipié%é Bfn! sl}eﬁeclﬁ% ia?gll xlvl\fe% thg ¥BA i85sed1 a reflective mode.

Such a reflective, absorbmg, or anti-reflection coating layer could be metal, oxidized

metal, or dielectric multi-layer coatings, and when the streets are very narrow (resulting
in high fill factor), this layer is not needed. One can also use this layer to enhance the
responsivity of the filter, for instance, using this reflective layer as one mirror, the air gap
and bottom layer of the pixel element as a cavity, and another mirror in or on the pixel

element. One can also use the air gap and pixel filter to form a multi-cavity filter.
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and bottom | ayer of the pixel element as a cavity, and
another mrror in or on the pixel elenent. One can
wabhes/ezeot he air gap and pixel filter to fornPar/us2004/027551

multi-cavity filter. 13 BOSTON 1978836vl [ 0063]
Substrate 120 supporting the array of pixel elenents 8
is transparent to NIR light so that the NIR beam
nndulated by the pixels can pass through the FPA 108.

? €strate 120 al so has hjgh thermal conductivity

?ﬂﬁé i de 2uhyHaE 1eh é?%rtlngrt%ﬁ‘aaymfml elernepﬁellﬁil%éanéparent to

14&11&&]& M%tﬁ@m 1l %Hﬁla%%&ft DHkES ch?@Jss fHr hache he FPA 108.

particd pi xel group of pixels to ent t
bi db¢ mepstrhite riéD gbb dms hlgh fermilsondustivite tcdpmmde lhedod thermal ground

ROt P Mhe psBE 150! 8h8sRé Pal BpBSSiRles FBL R o GRS ar pixet or
angioupf bbelsi v gr@eﬁtthéiﬁlapmmﬁgeoﬂwgtﬁ%ng pitels( n fhe de§oﬁeed

side of. the substrate that will not support a pixel

ar PRP9dimeR), hecyhstiary 30He made esontisel gﬁeﬂmppfare b sppsgiate 120
I edfeiidRart 5}3 PSRt D6 ¥ orfthé A¥n-FRA 3. Eegllé%ﬁl% of the substrate that

fringes in t e FPAfilte r spectrum caused’
r eMlilkootssmpport Thixe Py i s gcliatmg mosealseﬂ thaamomaty)f IR dight reaching

ool Bkl T14 ERL ook Pl und PR SBE bt caused by

r aijEctaﬁcrw mquPIAymé bfettié bubstrate ntafy@lsoRnéladas anfireHédtive goating.
gﬂ%”b'e pass" for the IR | ight for higher
ab

SORHIS 18 Fhpser foe gnirgt] saglv Bt the YR tveyelese@appse: sud highly-
| NrdffediiTh 3% MaARd %rov"i’(ﬁﬂ% 2 u@ﬁﬁ)fe §s’ %Léh@ 1R i ghbﬁ)f g&%‘l:ryabsoerOn.

conductive and transSparen can be use
dedbe substath &y rat Hjnited éo @ijgreo rIn @@msmlmlem nmcie,c}mu lsabstrate which is

{ t
e U OLy RESSFS B 0 BT P
e_xélgiﬂDSaoﬁCGledecagtbé ‘ﬁ?lﬂé ibe asad d@@ubs&até Ih @éf%é%weﬁtheddl ghe substrate does
wi ndow 6 i.s bonded to IX arr sypstrate
vvi pot “ﬁe‘ﬁ’é’tbﬁ st i%th SQEIE?% < eXp90 at%lﬁlécoaéffafwa e gged.
| t 18. Th tal f 140

L, oo} TE b5 T o i s

b Ofigidie 140 Hl@ﬁosEBaMéurﬂ dRWeliARic Bt Aoy Hpﬁkélaéléinélgsol #40€Mhe metal

subj ected to proper tenperature and pressure
c ofr@me L dfhis rmﬂeuoﬁ éndivib Kercgmlner eplderiegt mategalpfwhieh orids tadthadR window

ded
AR LA OAAE AL AL 0D LR e
[ O@ﬁlﬂ]tloﬁeﬂmmeg’lfabnéatﬂoh eDefails sf tﬂgpmadmg@rcﬁﬁssﬁanﬂeﬂ&ﬁ ERAfabrication
fllter substr Lelg142 and. | H;SJ agai nst the back
or TR ed prigy/ 18 aneionges AhvacHuPRackagne. Fpa
6 b dto th I

@Q?#lat e i‘z‘gsf d"ll%f & ﬁleeo%ft?ff PR 9@%@%@'&1@%@@3@&6@ and is

f I dlﬁ.ﬁ{ed %g';ﬁﬁ& e ighcit 6?&@@%%9&3%%%&% SUBwA il Ef%} ]4%2 TPA 108 (ice.,

Thi s C 122 maintains the ténperature of FPA 1
r ethe I% m@orw 1 i6ehongedyto the pl@ﬁlmtsubﬂtrateele%l) gnd reference ﬁlter 110 on

the reference filter substrate 142 are packaged within a TEC 122. This TEC 122
maintains the temperature of FPA 108 and reference filter 110 at a constant or nearly
constant temperature. The particular temperature is selected to reduce or eliminate a
temperature difference between the reference filter 110 and the FPA 108, or to increase

the dynamic range of the system if the reference filter is a fixed filter (i.e., does not vary
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constant tenperature. The particular tenperature is

sel ected to reduce or elimnate a tenperature
wdizbdsaeznece bet ween the reference filter 110 ardTAIS2004/027551

FPA 108, or to increase the dynam c range of the

systemif the reference filter is a fixed filter

(i.e., does not vary 14 BOSTON 1978836viw th

tenperature). If the tunability coefficients of the

FPA 108 and the reference filter O are_the sane or

ned¥ifyerReradsge It g @nﬁeetm@fﬁl%e%?f the EBe d.08 pod gsrefprrace filter
NI R1ggiaht Qe{mea&rxﬁ)ﬁlf}'tﬂe%aﬁlectﬁ allé Yot g@nﬁl jabl e CCD

or CMOS canera t recel ves I tere R beam 130
d I t
o O11o e NTELEELEL Sty dﬁquﬂgk?r{@&g?@gwﬂa%le Eepldtmos

NI Rainerarthatsébefmee thetﬁi&:rm@mlﬁam mmeanullpR)dﬁeémi diectiidal signal
4 has a pix structure that can b uced r
<1 rgreeafes B ohe Pl oRaliPRe DA R PBEIBE AL g e NIR beam

suqho #heGE FPAAINRA e NIR deRUEhEAR] i%avgelphxe@l S¥&Re %gat can be
are rapidly evolving and inproving, and are generall

y

c o PEQdErEly 2ivest sivenle agd higk-ieldrfabrisgtin peacess. durtaer, aych detector

Arpl O PORALRD brOIR A5 RSN B oY S thbroving, and are
c 0 rgnmrdlyaddnmdemd |a|camm)d[t§r€1tema gha N IR)c&teetm arrky KB islCosdequently less

OOG?Jn (imal I ({)a th of thernal con e(iJCtI on fromthe

pi XRPCIEYE ARTESIh 19 RanUREweAs MRy RT I Aeiestas pEpeyn fomEnegcially
varat,;gtam@qklﬂﬁgmg@?st@ﬁgi materials. In the described
enbodi nent e pi xel posts 146 are holl ow. |ncreasing
t heitdhpsst@l | sol ation of the pixels 148 increases the
sensitivity of the pixels 148 to incident IR
ra jon.
o RT) o | Y e el ORARRL Ao BN Fork P AR Cleh it Bighe substrate
th P@U‘gﬂrﬁmplﬁﬁd with eavadety o designsegd nfatariajsa in theateseriped hmbodlment

oy B B Bhfls LRSI ANRY Bre ol b binef 145

(i irereasdsitie mnsievitjnaf thevipixlelssi4p p@fﬂmdehﬂRpiadﬁhmﬁr'ﬂw/holﬁ)N posts 146
adhesi on of .subsequent | sited
natajgﬂq(ﬁ?"?tﬁ‘g'éﬁbf? tﬂﬁ@ﬂ”ﬁéﬁa&ﬁ‘g %‘%15 igéer i enced
de i tion pro S| ng. sacr|f|C|aI | ayer 1
o AR Go 35 Gt OF RS Sheibeess b s Gicuta pog! poss 146
FI @escﬁﬁed aIvaé he descri bed enbodi nent, the substrate
120 is nmade of sapphire and the sacri fici al | ayer 160

' spovege of Iﬁltﬁmr eth?ér o ebn RRFPA ﬁdieg&;atﬁ ?Jb%ﬁ‘at@ qg@ (1teh e side that

sapphire (e. [Tcon nitride
et wilj support the plxel array 118) to promote adhes1on of subsequently depos1ted materials

through the thermal cycles experienced during deposition processing. A sacrificial layer
160 is then deposited onto the substrate 120, as shown in FIG. 6a. In the described
embodiment, the substrate 120 is made of sapphire and the sacrificial layer 160 is made of
a material that has a higher etch rate than sapphire (e.g., silicon nitride (SiNx), polyimide,
etc.).

[0070] After the sacrificial layer has been deposited, a post hole 162 is etched
vertically down into the sacrificial layer, as shown in FIG. 6b, using for example a deep
reactive ion etch (DRIE) process such as the “Bosch” process. This process uses an

alternating series of vertical etching and passivation steps, so that the side walls of the
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[0070] After the sacrificial |ayer has been deposited,
a post hole 162 is etched vertically down into the
weacosickzoodal | ayer, as shown in FIG 6b, usingPEDUS2004/027551
exanpl e a deep reactive ion etch (DRI E) process such
as the "Bosch" process. This process uses an
alternating series of vertical etching and passivation
steps, so that the side walls of the 15 BOSTON
1978836vI post hole 162 are protected fromfurther
| apestdpledioe arapyotsyted fiom fpmber lnigpad ptchingdysaiygrdayer. The
ma I V]
phaiedich R SERpofel bleial it el Bhoshpsitivy g pogt hole 162
c hean badtctet orithngchenocad stchmfgtpmcetd‘z&‘teh tHea®lds dwee beearefined using
def u3| otol it o ra techni ques known in the
arP otf)gr@%_r]a ‘5&8‘6 H{/)tg\garfﬁ4 of silicon dioxide
is then conf rraII deposited onto th
S2fU cF ol ApHyoR T h oShoon H GdBIORS: BB fRnPmlly
Fi @epo@&‘ea &ﬁ@tmrsgérﬁf&a%et AYEihe %@& hoR 6@ Al sh@&/ﬂfi’ﬁ FEI6C. The
be rmade of other materials wt owterrm
c opehtestipy laygr {64, aguldeatisratively bsimads pf othermatetials sth low thermal
gr r woul d ual. i.f
prg edc {r}'e(%éyg&m ggl?sasﬁn%ﬁ |cg1{n%? g g m&ﬁty ézr[l()tg%re[ﬁatemls
numoeld c(uhwyl) C]Etielpyotactmn 149er afs ﬂt@tib@lﬁhi&%b ehgi dv&n @fimber (typically

(o2 M vy s nEgs Sb QSRR b rlpeers SR qPppsomrocess

;H Ode gratu@e, pRdSEe Lty PAEAL St@t)'c&f‘bé &M%Hé‘(ﬁﬂ) ctaQse tRé Pokection
165 near he tog of the post hol e

| e&WPWgP“éO pineh offt KoTnaan thegor of o pest ok, 16@5 th@hle@vmg agoid within
ca C f

B A b PSR LR 1o e
cI oﬁuhe bt hpleslio2 hol a8 td 6@se diriesrlp cheehthebbstéxbtee]cﬂz hys pmch off effect

e SRR % SASIEL) e ol 2%t o

g efh% dhzﬁ;ﬁ@@rof @ Hoegdilaged aPthB hbﬁ%ﬁﬁiﬁ&éase@ ilﬂﬁ)\igﬁ‘ chh off can be
pi nch off can be _nmade to occur .in cylindrical

bym@@ﬁ fogicrgn esylingsicakhale By taalea@&ﬂlﬁa@wcwreécd@ﬁgmmpmgqss
After conpleting this conformal deposition, the filter

1680731 t abrAféacemplsting Hus grnberael fepesitiay.che filier, 16§gs fabricated on
S hfﬁ%rdt&ﬁoh ﬁyef5 %4 L sHdW 1n%9@d rﬂfﬁs .e%‘lggdl;ﬂehb%’% ﬁl?er"i]s a

ayer structure such as is scrl
Patghilayapgtictae suwh ablimdescritied/if 06S. SPﬁtbneApplidaadn Nunibex 10/666,974

P IR% kT Bl FipCh B roc Caaril gulih st grincorporated by

VafefcrériceNg 1aFge npfvet &l varibGord Gl lﬁ)éﬁbléﬁtb laéhiéve various responsivities and
responsivities and time constants in the FPA. The

deiae constrnis B dii Fetht Thesdascribed epiodinagni yies asiple gingle-cavity Fabry-
Fa t r
S AR b R Sl TP AR on i

Fo(asSiPya). r Fowir-prio trmrrarsetr@mfﬁclcmtenprcIvuiepammowﬂserrfaucrtmwwnh

fi Agcgﬁtaglg Pn%értlgn 1085: tjgur pairs of quarter-waves (NIR) a-Si + a-SiNx, then a cavity

(or “defect”) of 4 quarter waves of a-Si, and then four pairs of quarter-waves a-SiNx + a-
Si. These layers are grown using a PECVD process that provides high-grade a-Si
semiconductor material (corresponding to low optical loss in the NIR range), and under
growth conditions that promote resistance to RIE when compared to the sacrificial a-SiNx

layer.
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acceptable insertion |loss: four pairs of quarter-waves
(NFR) a-Si + a-SiNx, then a cavity (or "defect") of 4
wquensteeroonaves of a-Si, and then four pairs of PCT/US2004/027551

quarter-waves a-SiNx + a- Si. These | ayers are grown
using a PECVD process that provides high-grade a-S

sem conductor material (corresponding to | ow opti cal

loss in the NIR range), and under growth conditions
that,fronvte resi stance to R E when conpared to the

sac[?‘? ci al Affergiapesiting de filtes 1 WrmtorhesobsegolA0; s opsiing 1a;’er 168
gg E, ms@@ 9 91@5 fa@péfgga.?gpe;ﬁﬁagﬁ gn6§n {1}531@#6@%? Elge fbst hole 162

d e ﬂxeq:stthmlfﬂtélfﬂeyep il 66: plamefxfat ﬂﬁ?oo;&bf théipodt pledi6o2] dnd ppohts the filter

hol.e 162 ke 166 pl an at t t

of e R m R Tinks B e Yt B mRe it bedst i fer tayer 166
f r @RicRId @IV b 1€l Y6t thé Hlaﬁlhﬁg Z&tmayTﬁBt%e cntif¥Bes é@@ Ehe surface of
because if the filter |ayer extends down into

podhe filfdsdl. ol |apergiee &y ihe Hr?ﬁsma &yeb&&mm fomacy ﬂlecnwétrhqlm @llowing
t
su rd{q Aa g 1)1/1 edr?& gé%ﬁt pfréc))ce?nsné% ﬁ%lﬁacg %ftﬁctll%rtﬁ flﬂe rﬁﬁf%%n}] tghe
t hémekdiagntgion atoned ﬁlﬂl]me‘q wesndesqribted gb&xrenglesptm:{h&ff a1 the top of the post

ter terla he i diate.re |on
o b ob et et pEeath Eotmpleih B boiE ot I pish o e Eio Y naggow enough
t heo fn@fﬂer@fthelﬁlﬁér 066 frohiQdx@ndifid seDeFcal@y e 8~ post MR 162
conplete, as long as the pinch off region is narrow

enpaia) t o prigyviemdkiddydriles ﬁthé{ﬁﬁatfef&mt@ JeaRd Mwork of narrow
significantly into the post hole 162 [007 4% he

rraétﬁmhgs 123/ dipt isggteiindividadl pixels, ey showntia FEf Gen eThg filter 166I and the
e

p r Mare spesifidaly,@rreddbide ian etelr is newml ih whidhcthe dichgasiis) fog eeample, a

dry etch.pr , shown in F 6f. More .

S plambinaid T e B et let heved tre¥befes. Upiaymenged in the
et pivceRsarddsthe fiRér Mxaia teat isPbeiondaéd Riturafly g a ectlve layer
The reaction between these gases, the plasma use

t hé&-$rgobamer 1{A4on the sidewalds ofiihe remaing ﬁhrpd o owahglter 166. The
Pﬁ‘ffﬁl‘ér PalelhPl 7oYprb@E e Wé)ﬂf:egtfﬁt‘é} frﬁﬁl ﬂeg%‘%gertch%ﬁ 1flerafly as the etching

mer 172) on the side of ther ning 1 sland
of ccarpmuwverﬁcraﬂlb'er 166. The polynmer material 172
protects the optical filter from being etched
| af@O78] | y aNextitke etching ngnﬁtkmsiammng@iranidctw d;a;cnﬂ{u@Dlﬁﬁqr 160 is

t.ching conditi chan
sacbe hofaoralydres 0 it FISF 6B e SREBaM et B optical ier 166
shipwichied tel dwh $@es M EwitaRe e CFLald ¢, whith pfodub& a@l@édu@)gic etch in
filter 166 is etched the etch gases are switched to

an@emr@ww& PV layer. Qther §Q9p1,ngr§¢<ép6étcgﬁ b¢ pseddar other sacrificial materials,
S aﬁ{ﬁ és‘te&'c@ lysil Mg%@@?i{sgfa% Reh tPEWIr Y pSISEHiAE or 08 et etch

used for ot her
process for metal, polymer, SiNXx, etc.

[0076] The etching stops at the protection layer164. This process results in the
formation of a hollow post 174. The masking layer 168 is removed with an appropriate
etching process, and an IR absorbing layer 176 may be deposited on the surface of the
pixel 148, as shown in FIG. 6h. In some cases, the filter material itself is chosen to be IR-
absorbing (or absorbing in the wavelength range of interest), in which case an absorbing

layer 176 is not necessary. In the described embodiment the absorbing layer is a thick
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for instance, using oxygen plasma to etch polyner or

pol yi m de, or using wet etch process for netal,
woabosrme2900 Si Nk, etc. [0076] The etching stops BCTHIS2004/027551

protection layerl 64. This process results in the

formation of a hollow post 174. The masking | ayer 168

is renoved with an appropriate etching process, and an

| R absorbing | ayer 176 may be deposited on the surface

of .the pixel 148, wn in FIG 6h. I n some case
t hd2¥ef P %P"%P'é’rd%}ﬁf’?gb fanspareRicroadudtise BEids RRBEET 1 ahyorbing

( 0rmALSAKROWYid the bt Bar'BY/ &8 P&t ithe 5@6&%}@@&1’@78 rest), in

whi ch case an absorbing layer 176 is t'necessary. In

t he[()ﬂﬁic ri beg ﬁﬁfﬁoaqg%g%/ers Bf‘ﬁle%gﬁ&gl ﬂ%ujugt&ee is 'véraf%w thermal

thic 7 BOSTON 197 [ayer o icon ni
al tl¢rdragmhansl merchmmy.m reintstnesm diucause ¢heopdstl E74ou§ holidve and fRe heat is only

absor wn.i.n_the art ca u for

¢ neSaetials e 1 e el Eess g ane a1 148 o e
th@uMthgmm@@ay &&ﬁucture is very Iom1thernal Ieakage

-and nechani cal robust ness. Because the post 174 is

holfherg] and tohRdd188tedrSase ﬂ{eyth@rﬁﬁ%&fdﬁal@! Qh ﬂ;él 6ﬁst 174, the

cylindrical shell, the thermal |eakage from
1480m905t1w@1 @fub%pno@pbombwléél ey pe Vaed tp@mmse un p@noumess For

L9 nggﬁ@ a@&&%@@ﬂ&g@{ﬁg&gr OJP%% lgevus%ﬁ A g%e 5, ¢ ofs)rtotecuon

e conposi ion'1ayer
be layar i @mbaybé daped xdth dntyonp of @ wideessictyrad rdoﬁamﬂhicﬁvn 1& the art to

silj con oxygen car e.materi al be  used. )

A EhRe i SR RS Bt (s pasy s FBAC R el textured t
W &énua@meﬁrm@r@@@nuh&ﬁqtyarl ety of dopants known in the

art to decrease its thermal conductivity, or the post

waldofan behestRkests of th@tsﬁk@fﬂ@ia'? g%@l@d’('éﬁ(g c&ﬁecﬁﬁgﬂﬁ fhe height of the

their thermal conductivity The t hi ckness

t hées§]é’@€|SP40é ibatween {herfiltes @yela a@drﬁlseewmtmtwfieht@ tlmepegfwmance of
[ 16

on IR T N B SPRERABTLIEER {0 L St B sgme porion

Th pEthe NIBdightusasing éhreughsthe ftter 1&5&@ 166 tovedrd ﬁ&rsﬁbsﬁak@/l 20 reflects back

L ERREhtos AR 5 OfTey B0 bt el e Betrb 9 a0 P on
r eﬁvheae@tlb@@ge bothe RER flight) @6 mhRSthe e tbbividen qfesmfe‘r 1afy|a€166 and the

sacr|f|C|aI l'ayer is therefore chosen (based on th
watsErg RO Ak rifsensge ey (98 ey Wpylb%ofr@ra@ertwebpa@e of the NIR
be I r
ahglgﬁ?lg{e Qlﬁl Igldt sﬁﬁfort rg%,%ﬁnec\]?ggt tﬁg ﬁ%ﬁé I}%g?]%ﬁ%g.r ?Ié? spated b@Ween the
waliberdaysr 166 afd thh eubﬂl:rmel li2glet) alsdnbe¢ designied aponesaffiolayers in the filter

SRR o RS R e B TBSER R ARE e e

deﬁiﬂgﬁ‘]e d 0B tecgfmc}ulgse ma? 3 {lgedl t(r)] fgb%%at]; tllle plxel element and post
structures. For example, FIGs. 7a through 7f illustrate a process for fabricating a pixel
with a solid post. In FIG. 7a, absorber 171 and filter 173 are grown on the oxide layer
169 of oxidized silicon wafer 167 or handle wafer, and then filter 173 and absorber 171
are patterned and etched so that the a hole 175 is etched into the center of each pixel
element. The oxide layer 169 acts as an etch stop so that the etching of the filter 173 and
absorber 171 can be well controlled. In FIG. 7b, a thermal insulting and UV sensitive
material 177, (for instance, SU8 photoresist) are deposited on the wafer 167. In FIG. 7c,
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stack in a nmulti-cavity filter architecture to further

enhance the responsivity of the filter. [0080] O her
woeaisrzpoes nay be used to fabricate the pixel perasey/ 027551

and post structures. For exanple, FIGs. 7a through 7f

illustrate a process for fabricating a pixel with a

solid post. In FIG 7a, absorber 171 and filter 173

are grown on the oxide |ayer 169 of oxidized silicon

wafer 167 or handle wafer, and then filter 173 and

abgaetber wafpn 1 Zris bende & the dheamell iaswieglansicUV 1sesitiveanagerial 177, and
ho'tﬁls]a%lssor 1%11 Cﬂﬂ%‘[‘ 1'7@ ttﬂerfr)%%g&lﬁﬁl{o?h’%reeac(f?v %le(yi%etween two wafers
el enent’.

e 0¥ s as an e
t hdt67 and 1@9); henvghadé sa:tﬂ[;ée fsiflippad avéBfoa IﬁlﬁtlﬁbpmbmmglﬂﬂﬂG 7d, the

b FIG 7b th
" niepn mﬁths Hanfffm%ﬁ i?% ?%?ieﬁ%feéﬁlqvaﬁ s??qmﬁlpﬁtbqn of polishing and

| NShARREL or abBetBiIA OAE h%kl)de@{ r §ePRsd d84c oo, MEFIAFRY the sample
167. In FIG  7c, 78836v] anot her Waf er 179

i s ipemaend to &1V srethetibe ﬁHB Ph?FQLﬂStSF brsomes etchy-selegiivietbietresen exposed
"o gt ety 0L 43, 9530088 bbb e 1B Bl

andarigiphoustsilzomhio net tmsgairmt ite UM. | §1ptend agnegiitivieanatérinl f doeifter UV
proceSS|n of the handl e

the, siljc n
e PRros s 6 SUB b or Bk AR Helso A Pt reRe b gl than
andrea§iRdlekpdse@ o UVY Tk, Hxidk la@ a0, itk 4¢3, la8Y GhsotR? 171 are
acts as etch stop. In FIG 7€, the sample is exposed

t o Peseragsl andgtched, @tcswélvmm pixelsvth traglsd81 around each pixel element.
F%‘Fﬁ? |7? %lley stesM@ Gfafdd Qéﬁgveﬂnfé%%iﬂgé @Bﬁt?r% }ﬁ%l conn&?ed to

17371 used as a photonmask cause
wamdmhdbbyaqmmmhﬁus silicon) is not transparent to UW.
SU8 is a negative material, so after UV exposure the
SUB)(ISHI] t he Amndtiprraimplpefia fipricatien tkatmiqueds shoskarin mh 7g through 7i.

arder .t han areas, not, _exposed to UV. The
o ORGP e 109 16 R O el i foviy gn substrate 185,
pahﬁcﬁﬁlﬁﬁd 8aRfd eisefRE 19148 ghmzh Miiwadds qhmd}smnabslbrber 191 and filter
trenches 181 around each EI xel element. In FIG

unéSp s patteang! andeiched s thabensh pixel issaupinged by M@pﬂn 1p3. The silicon
Pi ¥®@lidLRRRa8Y %{tin ﬁeoet%?%ftﬁ‘éﬁ}/ BYwel Qtotﬁfﬁlsga%g’ huk ﬁlg%l:ksme of the filter

Anot her ‘exanpl e abrication tec e1ls
FI Gaot Fighada iroblgh 7# isilicomnigtida layey, 183 ig d;ti:lwld 1sntﬂ0ptcalily SO that only a

nltrh%a?”?¥§%m%%%ﬁ%%FFﬁgﬁﬁﬁggg abLgrgg?mqggnare

fteryards FIG 7h, .absor 1
SRR YR Sherithrication B s R SE N B FIGR g thpet . 1n FIG.
S UVJF absoctRE 209 filtet I(Elrb{hh sa@dicial Myes 199 £ depstiéd SesUbBYAE 197. In
can be etched vertically as well at this st

buFKi & 2haerber 3B, iter 304, and sgritigial lysr 169 eqef@@ttem?p? Mdgtched into

£ R P PASE B £ HAEHOBSR i on

f i fliomide 1583),nforma11y deposited across the wafer. In FIG. llm the insulating material
205 is patterned and etched so that a SiO, post with air plug 207 is left. In FIG. 7n,
absorber 203 and filter 201 are patterned and etched into individual pixels elements,
creating trenches 209 between the pixel elements. In FIG. 7o, sacrificial material is

removed, leaving a pixel element standing on the post 211.

[0083] This process can be varied in a number of ways. The results of several such

variations are illustrated in FIGs 7p, 7q and 7r. In FIG. 7p, absorber is deposited after the
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[ 0082] Yet another fabrication technique is shown in

FIGs. 7] through 7r. In FIG 7], absorber 203, filter
waQaosanzbosacri ficial |ayer 199 are deposited ORCT/US2004/027551

substrate 197. In FIG 7k, absorber 203, filter 201,

and sacrificial layer 199 are patterned and etched

into an array of holes. In FIG 71,a |ayer of thernal

insulating mat eri al 205 such as silicon dioxide is

g ormal |y deposited across the wafer. In FIG 11m
1PneYerdE Pibedrethit sPRroaso Bosps inamere mterdtnawnétben@dﬂls@ctor In

t h#G a7 Pesth W hgelaa'nﬁ 1t Ao ark ﬁﬁ!o@ftéd od the Cgflé: a'g }]agar. In FIG. 71,

absorbet 203 and filter 201 are patterne
i ntle filtetiits¢lflisalsepasqms el ements, creating trenches 209
bet ween t he p| xel elenments. In FIG 7o, sacrificial

na Phack dct. FRAeavi ng a pi xel el enent standi ng

on the post 2 [0083] This process can be varied in a
n ubd0sd] of Ay thd heay eitd] sleafenSeaV € had béed Ghbritatel ah iR Sibstrate

b 43P iy 1 Pema A ool 00 Fnyindow 11615 vacuum

195&&%@&1Asaays@ﬁgléﬁmﬂoqtiﬁﬁtheﬁwmdopr oach results in
nor e robustness and better fill factor. In FIG 7q,

botgugkie f 'llTIf(F Ba %stat}ﬁeﬁpﬁ&&éﬁe&%f@f f&l ot 1{1 ?gﬂnﬁ&%f pixel

sacrificial |ayer
us agayssl 1|8<h§t’e aliady bernRiepesiigdl anr fabricdted. FF% ipAORMLI fOruye 118 are

t h? Su &%’blf‘t Pé reef l’zgfﬁ? %é&n V¥ éﬁtl) esgjin%{,éﬂz{algec a&grate PZO without

supm&lsapcgts]&(btl&ndtrdoﬁrw ndow 6 is vacuum packaged as a
single unit to formthe FPA 108. [0085] FIG 8a shows

a [0086RDLI i cEdresbrent @sedfBOvatRem pabitagin A sHOWHIATFIC! Shiindlde the
arra%(arsﬁ) 118 haye al r eady, been dep03| ted and fabricat ed.

Thretabgicyed wafer 480, 49 seqling framed S, andean Bywindersdisc 186. The sealing
st fre@k 384 L83y Iﬁ{)l%m%' dirBhl\ér Wcﬁllﬁgéésgérnealn% tt@%ft%e g., thin film

substrate 120 w t'"hout pi xel s,
st dapesitipa)s so [@0@6}101(1@11@ ﬁEChY@tlQ@ exenfbers afdbaiframe 184 correspond to

m@ég&%ﬁglgf&o&g Nomye i nclude the prefabricated

an sea |ng rarre 184, and an IR wi ndow di sc

T I A T NE N T

d erp@tsnhlls @iy, bessed)had tHelveafttorgozaenilahned Elﬁth‘é@ﬂhb ls€eding frame 184 fits
menbers of t{1e frame 184 corres ond to the streefgs 182

nmf(h e gty %tweie@(;@qqlquwgag% § opythe mafas 180.4and fke R window
of dibd PR plREd HPHGIHF %ahﬁ% fakk 84 ScﬁlsH@\{rn ffpﬁ?{] ig@l ?ﬁﬂayandwich”

be used) and the wafer O are aligned so that t
s esilluchige fsipdaeed g vachemy oven that is pumped down to a pressure significantly

below atmospheric pressure and is then heated to a temperature at which the indium
frame softens and begins to bind to the wafer 180 and IR window disc186. A weight 188
placed on top of the IR window disc 186 controls the amount of spreading of the softened
indium frame. Under these conditions, the sealing frame 184 becomes tacky and will
stick to the surfaces of wafer 180 and IR window disc 186. The temperature of the oven
is then reduced so that the sealing frame 184 hardens. The wafer 180, the sealing frame
184 and the IR window 186 thus form a vacuum sealed array of FPAs, which is then

sectioned into individual FPA units, one of which is shown in FIG. 4.
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into the streets 182 between the pixel arrays 8 on the
waf er 180, and the IR wi ndow disc 186 is placed on top
wohos@atdong frame 184, as shown in HG 8c. Thi BCT/US2004/027551

"sandwi ch" structure is placed in a vacuum oven t hat
IS punped down to a pressure significantly bel ow
at nospheric pressure and is then heated to a
tenperature at which the indiumfranme softens and
be ins to bind to the wafer 180 and IR w ndow di scl 86.

8§ht 188mpll lpakwinghe paskagsrand patgapingjof denpsidios daypsean degrade

. SKN. f .
085 R
o PR e o vy o

f r ﬂl@liﬁéldnmmm&‘emsas:kryi dpactases Itlheusstemahvitja Thmitsgatef sacadidleaks and
of er OandIRvmnd 6. - The tenperag
0 ne"Bathe AR fnede deposltiontt #ff?éeds%at’rl?wlﬁv fie Ppapaciage
hapeen® vadinfn Weiligs. TBOgetiehMatesial dof‘élofcﬁﬁtm% th éxt?&ﬂgodlzs)%s to

IR wi ndow 186 thus form a vacuum seal ed arra
vvh frapsfomn theeas e pedive Herahy beenves Yie duessure Pathimthe EPAdaekage (and

o e D b, A0nPERIRAS BN, WP oo
Iayf@raest can degrade the vacuumwithin the FPA 108. As
t he vacuum degr ades, thermal conduction away fromthe

pi Xed89¢| enmeAh suiline bﬁalmqﬁo@ﬂdrecfenfabﬁsz&ﬁlgtah& ptickaging an FPA is

gttt $pPARTIR 4,0 E pitEtngn it BopPUAD LT Tt ded foes the

Wi tlafen phBﬁtoEBﬁnﬁ@Qﬁ@ﬁ@elRfobt@ kwithQn\RH B3 € alFu ke, tﬁﬁeﬁ)rocedure

getter material acts to capture the ‘extraneous gas 't

t r BpckpgRsriRAenigaadividuallyy rag&qr,t]@gn at e edyr kedpi ng t he
pressure within the FPA package é‘a:nd consequently the
thEN?ﬁ] i sopmeniding of awthenpiocepue tardalyisatieg amER A is iatlyded in

pr oce ure&;)%\rwﬁ? r&c@&u*r@h}odug g%%%h 1)9elf53 étne of one

pac agingTan” FPA is
in I1 Hl%gve mﬁP(fENDgX A Th|s procedure produces a
&i—g—m—x—eiptrs{n—and di ces the wafer prior to
FUHOEQ—"? A BB skt gt FAP R Seraes n a reflective

i neiodé dy@iﬂlpared withetrardshasivaimdds @ sabinghe $yaieal shoMQﬂ@iG 1 In
Anrq%ﬁtl [ nea(?f anot her pr oc?dure for fabricating an
i's

e ForRedc HeAppErp sadeollyptinglens o dinscts colliated N;IR hght 124
ho!n! é’éf!h&bf(ﬁ%ap@ﬁﬂch redirb & n@tqul% b FRA! fgl G498 Nmfﬂr%ﬁ 124 passes

shows a canera systemin wh he FPA operates i
r ethr@ughuth@reﬁm@eefdtec b}ﬁmdemtq the mrey of mslmlwmﬁel 8o die NIR light

S8 RS R g 8 SR e o

c ofef¢remoeefilteNI R, lthrgtigh the 4plitter 106a, through the focusing lens 112 and is
focused onto the NIR detector array 114. An IR lens 129 focuses the IR energy from the
scene to be imaged 128 onto the array of pixel elements 118 through the substrate 120. In
the reflective mode, the NIR light 124 does not need to pass through the FPA, so the
substrate does not need to be transparent in the NIR wavelength range. The substrate
could therefore be made of a material such as silicon that is opaque to NIR light, but is

less expensive than sapphire.

[0092] The collimating lens 104 in the described embodiment provides uniform

illumination for the FPA from an NIR source (LED) that produces a non-uniform
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at a splitter 106a, which redirects the NIR light to
the FPA 108. The NIR |light 124 passes through the
woebwroeroe filter 110 and onto the array of pi Rel/US2004/027551
el ements 118. The NIR light not transmtted through
the array of pixel elenents 118 refl ects back through
the reference filter 110, through the splitter 106a,
t hrough the focusing lens 112 and is focused onto the
NI R detector arr 4 An IR lens 129 f ses_the IR
endPgyRRTERPRFfED-o LEEP PP ARy iseen GHYE fRoS Iy Fgpth out these

of tRh%Rissi6h 8o BhForitest hr ough the substrate 120. In
the reflective node, the NIR |light 124 does not need

t o [0g33 t hr eyghmidas G AeedB; Eeh@ctéluﬂ%tmﬁ@ g&ﬁ%ﬁpanp&he LED for

need t0 be transparent in the R wavel en
Th@redubimgMNRdi ghd odndbet lheqrp@reteé ntie thedRelend, anshostogn iFG. 10. LED 210
su | n_that 0 t. but is . .
ot iadid B poeld ot PR i B D Srgh Tl oplgt enginecring

| enise IROMnd 2112 i €ordlRd i tliéelﬁhlmff,béﬂihélEED F0QY prbdcautifopfiNIR light to
| I lum nation_ for the FPA froman N R source (LED) that

atethe BPA-ni f orm 21 BOSTON 1978836V t ransm ssi on
The LED may alternatively use a diffu

F:fﬁéﬂeﬁag s nmooiMlaglyt ant KR 2 14 nghlgqﬁrglqugﬁl in the focusmg le%s 216 for aIR
NOR: BT I?gt&htob&%tm% 02k cle @ﬂ(’i\ﬁn L{%Sn ? ed for

reflectofr 106" 1 n the optica

S N T

cera the outer slkr&lcb af therlR wiii@ow am thetHR o LefhtoapdirespNiRatight from an LED

L 2 d.in the
P bRt o 3B AR Sl shithvn 0PI, Tay DR s Rl ARl HESe
to hblo@ﬂ‘@hﬁ%hﬁmtgh TheBAe spdBB4 t1 HBldgdphyc gﬁﬁné—ﬁ@elgétéd fora

can be enbedded in the focusing |ens 216 for_a

c aR@ftigulayansiad v eiesrertg ﬂilth“F%FfP eicthe FRANpife NAR hghbm and has
in hﬁiecéffem]:tlon Ok %Qv%tlegx?gl I%(Bh %hﬁ b5 ﬁltérﬁ%\%gé Qrfresﬁlﬂ 1%ens could be

coul d use a grating is a

0 uu@qd asargiating layer tza@ tq ﬂedwqh theWN IBnhghh é24:m1 the@by eliminate the
redi R light froman LED set off at an angle, as
S gﬁﬂ%ﬁ}lﬁgca 12. One such a grating is a vol une phase

h h ! f th ,
nolBERPT CrtRiie Aaord Magriddf 1% BRGA S, g plosshy pagociate the
( V\:FPA wigshe NIRtdeteche afiby. f Bi€agebcibtivh dalAp abdonighehdd iR at least two
8%% 124, and has Ilttle effect on_the

cEeng PaYs FORG eancfaragte the araasnefnixeal Pb%meatSflqégﬁesvﬂx Q1@ the NIR
C OHétgctQW 43&uftirdliabisPPle iflBratedaldvice. ARSInhEE tolﬁg gan fabricate

NI R | 4 and thereby elinifnate the reflecto
the FPA separate from the NIR detector array, and combine the two components into a
single vacuum-sealed package, which would be necessary if the fabrication technologies

chosen for the two components are not compatible.

Other Uses of Underlying Principles

[0097] The thermal sensor that is the foundation of the IR camera system described
herein exhibits high responsivity and is manufacturable with high yield using well-
characterized materials and processes. In general, the wavelength of the probe signal is
not limited to a particular range, and the wavelength of the signal (if any) that generates

thermal changes at the thermally-tunable optical filter derives is not limited to a particular
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[0096] To create a nore integrated IR canera system

one can closely associate the FPA wth the NIR
wdebwsaezaoo array. Thi s associ ati on can be acconpCraisem4/027551

in at least two different ways. One can fabricate the

array of pixel elenents 118 directly onto the NIR

detector array 4 resulting in a single integrated

device. Alternatively, one can fabricate the FPA

separate. fromthe NIR detector array, and conbi ne the
{ woaRES bR tlisifiliehbased fhsgmal sopungsisani adiniaghe R camera

wh Isgaeﬂe@egcﬁbs@ GERFRRAAY | b{nf art R AiRtdl At I on

tec nol ogl es C osen two conmponents are not

P AL, A AR T Ao

c arbased amyestierblaiergical gt chrebeused exbuild 4 gerhiprreise thermometer, an

res ivity.and .is nma able with high viel .

s ERGTIEoF Wi dE tiobrrB il i et et e biCeatly interrogated
gerahdlin ﬁw SpaoB vLihesiGhian @btiddl 6b& IR an ShedadfibérScofifuration, multiple
limted to a particular range, and the wavel ength of

t hSCeRFPETAN be prungRpfo o pinglegbwe ok dat” crak giiptieian disgibyted
t h‘%erhﬁb‘?étﬂi%'slaﬂsn‘iﬁ’ﬁ?&?% QRS Zr%%j&%_&her derives is not

I imted to ap 1978836Vl range Uses

(56(?82 nf | e@I%E S {hg %Eﬁ@él a?c%ﬂ@é 18 o?)fkg el‘g[Hn eér%?dn%ut thermometer.

canera sys esc ri
| n&A nﬂim“bba:ndé‘ﬂR smutcelZBﬁ‘ldireds 4 DR [cODi@T $1gna1 232 through a thermally

a2l R oSSR BE L PR AR g fiers) he

be chigieflsitinl D82 hebopdiNEtoyth® fefpefeurk Bﬁ‘th@lim@l& 234, a@Bescribed herein. IR
exanpl e of which is shown in FIG 13. This t her nonet er

camadigioggt cathey fromithe inrgetiaely deqehenvitopmenicy figim samepther source,
th 'h?é’cg fhe %69@54 C@1ter£étﬁ§[y, HeHi1RP AR b%ﬂéatéd g hechanlsms other than

configuration, sensors can be strung onto a
si dAgkradistipnde.go poﬂdsucaoﬂ comwblingu ett)i dm NI d@e@mrl%utc@dves the

te r re _sens) structur
o B Ehfled S 336 Ahrh DirfonLhESIS ThedhueRlill e Hpttitgd carrer 236
I eQOir&poRiaDtothe ReIpFRMRE ef theAlRA2IOVWHAMIR MidRiGPiddiRes an
230 directs NI R carrier si 232 through a
t hélerEicrhPigngh apPermsbiriof yihi 0?1 ?‘fcgras zelaagew% fregpency, etc.)

opthe@bodds!d ﬁfe tgfﬁ erafROSH (B BRer 2B €., filters) the
carrl er signal 232 according to the terrperature of the

{(?1 1234, AR®F ﬂﬁ%ﬁéﬁ&%@ni&%ﬁiﬁd bbBw R il A rgtﬂgy Sensor use

er fromthe i diately local environnmen from
S on@emdﬂsﬁh@@mthmmesamdrfendtnomléy a9dat descnbed 1n FIG. 13.
Alternatively, the filter could be heated via
medfH9] sns Blowesensing mand Bmagigiza One or (mragopticabhckmﬁi Besors may be

convegti Nl R . det e tor 38 r ce| Ves. )
- OB hes o pasieit Dl ryefiigut, K Fusd S Yow rate s to
| NtueS héaring blehteat e DpLEclaTHOIng bf 213 @low, and measure the

temperature at an upstream point and a downstream point of the flow, both points being

equidistant from the heating element. If no material flows, the temperatures at the
upstream point and downstream points are equal. As the flow increases, the flowing
material carries heat away from the upstream point and toward the downstream point,
so that the downstream point has a higher temperature than the downstream point. The

flow rate is proportional to the temperature differential between the two points.
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corresponding to the tenperature of the filter 234.

The NI R detector produces an electrical signal, a
woan@merwo of which (such as voltage, current, PCT/US2004/027551

frequency, etc.) corresponds to the tenperature of the

filter 234. [0099] Al of the applications described

bel ow for the tenperature sensor use essentially the

sarre architecture and functionality as that descri bed

01 FI ow sensi ng and i magi n or
@Hﬁit o ORI e LR SR Ui (pagROle ‘adagapately measure

f | e [e‘%p%ﬁauﬁés AR VRAS iR B8scribXtatofE. h"f'h&:!r‘tﬁht{Q;EB optlcally read the
nmeasuring flowrate i's to use a heating

he atpmaerptalret ofgh¢ thermpadisensopfatiten dlan Iredy; onahsttrrcehwnecttohels a valuable

L T —

t heddngabisngatetiglseTte. thdrinahe@nsat ey @dkeftheofdm of Bdiscrete point, a
qggégtures at the upstream poi nt and, downstream
poi

el CELRIANY Ofer piape PEEHANOF @ RaBisUIaF ARPLICRIRA. riylternatively,
MatRE tRlmA AEAsbRSmALE nBWayadidc® mcm%aﬁ %sfcgﬁﬁhggafamesa&%m

toward the downstream point, so that t tream
poi frictioralscatingigghermpressiey, ar gaselecmmessm diwmcsrpfsam environments
p0| L S_pr tlon to. th
B ook S P RSB BOR o P gt Yy ik oot and therma
BOSEQMtikﬁZBS&ﬁ;uhe[f@]hﬁ Emefihg m@dlro-&]lilﬁﬁcf‘l@}stemgS&i for @Aymilesl and
used to renote accurately measure the .
ﬁ’d%lP&‘P%}rs@%S“h% X“fitfgscf’%ﬂypﬁ‘f JESOFs Bagbetplied o g nicro scale
ab' difebity {0qnORbWGRIThS, Gvﬁﬁ(gut"cl? Fieﬁ 'ﬁﬁﬁé’rﬁfr@ Is@p8f Térﬁﬁerature read-out

thermal” sensor rather than re | ectrical
corfpscthpbesparforaed sﬁrmmw@nd @@n-uweswedy measuri ng

renotely | ocated flows, or for measuring corrosive or
ot HOM4Alse dAngdenometerat Opticalky-reathiberrhad Sensbrsyaayshe wsedrizythermal

;ﬁlga%ce%l% mgf% N%Ich%gsﬁr% e erﬁ?onrbéra rq? e%grpngl ertngm or}l%%tter%erature

a € Nnecessary for a
ap platiatidnis (aboutAlHeﬁndStB:hlly edaje,d HubBle tofi Bga1@d aifs eAS&l@atfﬁmbr hh(ftmg of

usot bt docal hopty g, o, £9l 10 LASL LRSS, Gitren

de GBS abal the"_lﬁibbl@ &épén&iﬁghﬁorﬁﬂﬁ?é ufr@af&r&%etéﬁhﬁnus Temperature
thermal sensing techni que neasures tenperature with

vesgusRrsgRcaspathelempa@iure saindions euedp tid idews. s Avgptpm based on the

c hg&qﬁkal ls¢hs %%%I ¥k ﬁhﬁfe‘&tufré M ﬁ»‘(dés éﬁg&bﬁé ‘ﬁijf(;? 13 could provide

cal 61'0gi cal sens| I'Scovery
S e rss‘mrai tlmsz h@leamnlsntleniy Umcaelanatwmosm:lal Eurthier, elnd ﬂhyrmai sensors may

218 el&lfogl ralf’lg%go %fwi tcﬁﬁﬁt&}f ‘éesﬁ %F%E@ﬁ@p&s without

a Ndom@Rxipait@fing teys, sb @A l’dmp‘é%%ﬁ]e QE4A0Ft BfaF -then be performed remotely
Optically-read thermal sensors may be used in thernal

ac@@@é?lb%?é’ﬁ@]’@}’ whi ch nmeasure accel eration by, for

exarrf) noni t ori ng tenperature
General radiation sensors. Particular materials are known to absorb

various wavelengths of electromagnetic radiation and convert that radiation into
thermal energy. These materials may be coupled with the optically-read thermal sensor
described above to provide very sensitive electromagnetic detectors using the
architecture and principles described in FIG. 13. For instance, X-ray detection and
analysis have been demonstrated using sensitive micro-calorimeters. Using this

optically read temperature sensor, such a calorimeter may be further thermally isolated
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vari ations about a hernetically seal ed bubbl e of

heated air. Acceleration or tilting of the bubble
wonre@texob | ows of the heated air (and thus tenperasoe027551

gradients) in different directions about the bubble,

dependi ng upon the direction of the stinulus.

Tenperat ure sensors neasure the tenperature variations

due to the fl ovvs A system based on the optical

Sensors usin architecture and, pri nci pl es .

SodEe Drstieerny B Bleciiion) deneet e dyhinfite g Bters ooy high

S e r}‘ésﬁohéihtty IhGhid ‘ﬁ%h&f tAd b}ﬁfbaﬂ’i-réa'd|tﬁermEU§e§1§kﬁ'rdesdrfb€d above may be
her mal senhsors mié'ss on a mcro scale

d| rused to,congirustia high ea@@tﬁ:liadtaé@ln dgtedion he f1 ows,
wi t hout conpl ex patterning steps, so that tenperature
r ed@1GAlt na%tﬁmmnerbzeavpéq: goﬂ"fﬁg)jandgmtmqveamatmn can also be detected

par PHE el pan Yy HERTh e A oo BEPRE s e cae

wavigdieidghlnsnsot eehReat toaragoeh ke 1ncadhrﬁtacﬁxmo&iﬁﬁko¢ﬁﬁt\(!36 t analogous

t hat radi ation into thernal ](%q? % These rmterl al s

ma)}o IR Abperber mptenaldmdesiseqriogy PROedmEnY h &P RYpidoasiEHing the
-;;ﬁMebﬁgma@l@\éﬁtehQaeRfaﬁ YL dRdY Bf YordRQReldx ¥ that is transparent to the

ctromagnetic detectors using the architecture and

p r ipnatiepican, diebe pitbertheican Fe@ MiL8-stFipr pateiserantiess lowpradife design

det anal ysi s have been denonstrated using

senléssn%'l \cil)lg %gg[ro cal orinmeters. Using this opticall y

BN he st PEBRiomGY S BatteRirrs T s R Bcay read

be(tﬁétﬁﬁl shsdis) eﬁiﬁ(ﬂ}hﬁg thalarchirediere tand pAjciples deschibed iuFAG| €3, may be
filmoffers very high responsivity. In this manner the

optysechio c&s%t%ﬁ@ntlwé Pheiclogialaiviig gf@r PI9geces 96 GnsHas beat- Th

usgghita s@rﬁ@?&ésb&%ed%em gRIt¥o %%ﬁ?é&vhﬂt@gésqgf fﬁs a‘f)thatlon First, the
detector. [O [1nmeter 'wave (e.qg.

m cmpawd\senspamaﬂ ¢ mﬁermntedlr@ootbbf useng@@tosdcwcamer ﬁg@al allowing for
ec
Sy ST ARSI 8. 68 S

| n de\dﬁmf tli&iﬁhlahihslﬂm()rﬂbﬁﬂhembroédalcmmetasl dlao gmursad 1)) thdsse systems.

bsorber material in the de bed enb L?
v RGO H5% PO PHERBPBOLOBAL e ALCaMABHBELET: by mgsely

MegRoRhtiGiRANMSUES botRueadRitt tdahe dubsirdta RS R &lfthinhior dfenetal
probe beam or the antennae can use a mcro-strip

pateddstrisl esmiasts signifiGantly pRaners SERFHURd Qe IREratHEe Célamges Further,
0
38 SHEA i A Bk 39 5P BN SONY oy o0
a r c;iosslﬂﬁhtymfeoatanhnmnng dlepihelmodbmhmlb gidali anuﬁtyG)emg;memyed
odéa%rgls %hg g%ﬁ g%ﬂségg ?élg?md*ﬁ%nsngfe ?(9 {empera l(l:rte Ic ang\és SO ?hat the

sensor can measure very small temperature variations. Together, these advantages

provide thermal chemical and biological reaction sensing that is not only many times
more sensitive than electronic methods, but also provides a much more simple design,

particularly for array structures used in large-scale screening.

[0106] This concept can also be used as a contact sensor to analyze surface
temperature profiles, for example, those created by fingerprints. A finger contacting a

thermal absorber surface on an FPA produces a thermal pattern corresponding to the
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opti cal sensor described here has two great advantages
for this application. First, the optical sensor may be
wonvwroezgat ed renotely using an optical carri ePCsiugmmh/27551

allowing for a sinple design for the chem cal or

bi ol ogi cal system and allow ng for nuch higher |evels

of thermal insulation for the mcro-calorineters that

are used in these systens Tenperature rise due to a

tion in_one of &ge m cro-cal orineters

SeRript B%"pla?r“ie% fhsorre TBeargke beam &ébw Cieeqtpboff of the

3 u Qﬁkk f Be FPA dndQeRlcled byl irosk RiccRIR) thﬁltﬁé:flﬁdg@ #lom the probe
cont acts S|gn|f|cantI% enhances senS|t|V|ty 0

t erdséactor gpesphadsge she ridgepatter. | Whewrfagapm@he of an
al | t
t helﬁ éabmr%S‘E gl be sf:irg';]l?r a%gnrggyfz%a & g{%ec% gﬂtas 56 IP&&%%% Rt
bi odongutmﬂd oﬁegmﬂs éﬂhlgleadn@ltyreas ur ed Second, the
optical sensor is extrenely sensitive to tenperature
chqover, sodCihhsidls, Sedisiestiche indRabYHEnene Ate SMBinl the scope of the
tenperature variations. Together, these advantages

Bé t hermal chenical and biol ogical reaction
sensing that is not only many tines nore sensitive
than el ectroni c nmet hods, but al so provides a nuch nore
sinple design, particularly for array structures used
in large-scale screening. [0106] This concept can al so
be used as a contact sensor to anal yze surface
tenperature profiles, for exanple, those created by
fingerprints. A finger contacting a thermal absorber
surface on an FPA produces a thermal pattern
corresponding to the 25 BOSTON 1978836vI fi ngerpri nt
ridge pattern on the absorber. The probe beamis then
reflected off of the back of the FPA and detected by a
probe detector, so that the inage fromthe probe
detector corresponds to the fingerprint ridge pattern.
The surface profile of an integrated circuit can be
simlarly analyzed to detect hot spots indicating
fault conditions or regions of high activity. [0107]
O her aspects, nodifications, and enbodi nents are
within the scope of the clainms. 26 BOSTON
1978836vI APPENDI X A Thernmal |nmager - Detail ed
Description of FPA Fabrication Process and Vacuum
Packagi ng Process |. FPA fabrication
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1. Substrate preparation a. Start with optical -grade
doubl e- si de polished sapphire substrate to provide
wonrensgpzoency in the NBR wavel engt h range andraris2004/027551
thermal conductivity for a uniform"thermal ground
pl ane" for the focal plane array (FPA). b. Cean the
sapphire substrate in a 50/50 solution of sulfuric
acid and peroxide. c. Apply an anti-reflective (AR
coating to the non-FPA Sk ﬂﬁ% ot Re sapphire substrate.
This coating will maxi m'ze The anmount of NIR |ight
reachi ng the CM3S or CCD readout system and renpbve any
e, substra

Packagine Process at e, Thi s very thin metal | ayer pronDtes

adhesi on of subsequent|y deposited materials through
Lt i viabrieafienes experienced in processing. 2.

Sacr if Sebsifatd pryparatiteposi ti on a. Deposit a 5-7 micron
anor phousa. s Staricwith pptical-gradé dguble-gde pdleshdd sapghies subntrate to provide
| ayer. Thi strhgspereny inahé @R miab¢lengih rdogy end high thigpmal conductivity
layer") is depasifoad “thetmhg gpdad prmen fuanieefdcslptitetaday (FPA).
vapor depns Cldaf fthe( ABSMEY sudtrateity af ST tibne 3 iud OWidBind
content in p&deidet 0 produce a relatively porous
mat eri al o WRpRiBhinfigeAddive ‘%Al@ﬁco%ﬁﬁ@tcftﬁé Eon-FRA&idef the sapphire
Filter stackydgResirhisarthg wiildhSGhizehd zﬂi{&{m oﬁlﬁﬁ@fﬁg t iaching
! ayer of a @Mé@ &'ddﬁ eﬂll\"afu#~I &?ﬁcr{erence effects
t hi ckness o ﬁﬁ.gl%ﬂ1 %& t plca 0

quar t er V@Vﬁs osna t e dThl s u%s%rate This
orovi gebi 28?16 V?é%-‘fea “ﬁbﬁﬁ ¢ gsiéggen%}megowed
Ioayer é‘ﬁ%%‘f’&%h the efiXP enggq I prpgssing.

exan BEen 5 strong coating at relatively

| ow t e rrpé‘r aPaﬁ%lt ay-7 PEEe8 PRofHhes iieqratifrifle dayiepap thel Rdheswn
filter struldyerd h@ﬂﬂi/gfthéf sachEicigklages” joayiast lager” hisgleposited using
nunber of velpirea-PrirRsCet dhepinab vapordenpesision(BEE VA pt lowstemperature
responsi vi t ansldowrid contaet i ordst torpireducn atrbleti FPApoiOne material with
exanpl e i s hkigbresplie mneghdREGvatey Fabry- Per ot

st r L&t Hilter stagiakepdedord r om anor phous silicon (a-

a. Protection layer: deposit a layer of amorphous silicon oxide with an
optical thickness of an even number (typically 2 or 4) of quarter waves of
the NIR probe wavelength. This layer should be deposited with high
density in order to provide a solid barrier against RIE processes. This
layer can be deposited in a number of ways; for example, PECVD
provides a strong coating at relatively low temperature.

b. Deposit the thermally-tunable NIR filter structure on top of the oxide
layer. A large number of variations are possible to achieve various
responsivities and time constants in the FPA. One example is a simple
single-cavity Fabry-Perot structure deposited from amorphous silicon (a-
Si) and amorphous silicon nitride (a-SiNx). Four-pair mirrors are
sufficient to provide a narrow filter function with acceptable insertion loss:
four pairs of quarter-waves (NIR) a-Si + a-SiNXx, then a cavity (or
“defect”) of 4 quarter waves of a-Si, and then four pairs of quarter-waves
a-SiNx + a-Si. These layers are grown using a PECVD process that
provides high-grade a-Si semiconductor material (corresponding to low
optical loss in the NIR range), and under growth conditions that promote
resistance to RIE when compared to the sacrificial a-SiNx layer.

4. Vacuum metal sealing ring



Si) and anorphous silicon nitride (a-Si Nx). Four-pair

mrrors are sufficient to provide a narrow filter
woumstoezaoowi t h acceptabl e insertion | oss: four Po@iuss0af27551

quarter-waves (NIR) a-Si + a-SiNx, then a cavity (or

"defect") of 4 quarter waves of a-Si, and then four

pairs of quarter- waves a-SiNx + a-Si. These | ayers

are grown using a PECVD process that provi des

hi gh-gr ad? X ﬁﬁﬁléoeftﬂtgrgﬁlrgajg aﬁr mi ers deé\ g ?(%thmgg on the

to |l ow op

growt h condff?‘ie N Jermpt i sl g Hige Tt ited with
conpar ed to a} yappralpr apq patfergad by ¢ ecorvgg wysed “lift-
met al seal i lni‘ - Astack of tltanlum/ platlnum

| ayePs Hixel glepwsai Ralgmi patterned on the filter stack

to form the Algtchumaskean alwginupygich mask is appliediagd patterned on top of
deposi t ed witherfilten layerotdetine blidwal pixel elementsihylexposing “trenches”
patt er ned byo sdperatcaheronMhisusanasklis fypically apptict edth the “lift-off”

Pi xel el enemetlpdtterning a. Al etch mask: an al um num

et ch maskb.i Fix@pglement ctshingdatréRtineidn @echt(REE) e 8 @pplied to etch
filter |ayeshrb@phdé fifer sy itdU@nciPh@] bethedEné pixeelements.
exposi ng "t SEasHEaNY, drCetHLRaIpB Rt bRRATYed NekfeafNidsWals dofted with a
typically a Qﬂ h‘l%EJISVMS&h Tﬂ]?cad Befzfchfet/éd & Q@HF?+ (E)'—IXQ& etch

el enment et c ,ﬁn Tgl ﬁergjpeﬁ] eddr R

applied to TRYG Isl}ﬁn iﬁgﬁﬁ%\gfoﬁg fegflf & a—gléqci)lgotectwe
areas bet We %oﬁ% %ndee iR

"b_

etch r%m pro uce ver |caa} Si dewalls coat ed

o R s TR SR Mt e
i ncl d| ng[t vgf I 78\en the BYRIOFFSEF B cdaged off g sRvem:- i

run sufPitde flP'g long to reach the a-Si Ox protective

| ayer dep?’osﬂ) Aghiprigierhedngain it RIE. Hiess KCHIG + Gp ¢An gtching is used to
The waf er i &ckautesnyempingoYiOxesoteetiondayer ithiba tgneled, then CEy +
i nto indivi Quelchippis whil psetcinfspeppidindemgatit the filter membranes.
phot or esi st Beswsd efdhebiQxf froteytiadhyernthe filter fe®im layer is not etched
definiti on B thisProcess. PArdsetatingis dinsgaonhdyyheRemaining sitrificial layer
CHF3 + +Ar muehalngrmsthe pest té suppbetheafilter ngsnybra@Tedh BhingF, + O,
Si Ox pr ot ecéttliing famara, ihe pohendr F&ARa®s,thd RETtEEFEHT; + O, +Ar) is
going to be attacked, so it’s important to control the etching to maintain
the minimum widening of the trench.
8. Aletch
a. Chip is immersed into standard Al etchant to remove the Al etch mask.
II. FPA packaging
1. Window preparation
a. ZnSe window is coated on both sides to reduce reflectance at 8-15um
wavelength, and the coating is also transparent at NIR wavelength where
the LED is operating at.
b. A Ti/Pt stack is then deposited on the ZnSe window, and patterned by lift-
off method to form a metal frame for the vacuum package.
2. FPA chip preparation
a. The surface of the metal sealing ring on the FPA chip is treated with
diluted HF acid or diluted HCI acid to remove residual contaminations.
3. Sealing
a. The process is done in vacuum chamber. An Indium frame is formed by
Indium wire or other pre-form methods, and placed on the FPA chip and
aligned to the metal sealing ring.

Y



etching is used to etch isotropic underneath the

filter nmenbranes. Because of the SiOx protection
woOaywsro22gohe filter bottom |l ayer is not etched PaTmisSe®4/027551

process. And etching is timed so that the renaining

sacrificial layer material fornms the post to support

the filter nenbrane. In this CF4 + etching fornmul a,

the polyner forned by the last etch (CHF3 + +Ar) is

goi ng to ke Tat wadded.d dion$ 0 r
I ke ) e

trench. 8. ﬁielt%é:fhdﬁ:m I's | | n? Sacélflg]n%lbeat up to
Al et chant MELRE :2I gﬁgﬁ . L |
packagi ng 1 n oW pr epar at nmg %Sea&m%awqagng 1s complete.

coated on both sides to reduce refl ectance at 8-15um
wavel ength, and the coating is also transparent at NIR
wavel ength where the LED is operating at. b. A Ti/Pt
stack is then deposited on the ZnSe w ndow, and
patterned by [ift off nethod to forma netal franme for
t he vacuum package. 2. FPA chip preparation a. The
surface of the netal sealing ring on the FPA chip is
treated with diluted HF acid or diluted HJ acid to
renove residual contam nations. 3. Sealing a. The
process is done in vacuum chanber. An Indiumfranme is
formed by Indiumw re or other pre-form methods, and
pl aced on the FPA chip and aligned to the netal
sealing ring. AJ/b. The widow is dropped on the franme
and FPA. And one weight is placed on the wi ndow. The
chanber is punped down to vacuum and heat up to nelt
the Indiumframe. c. The heater is tuned off. Indium
solidifies again, and sealing is conpl ete. APPENDI X B
ernative method of FPA fabrication 1. Substrate
preparation a. Start with optical -grade doubl e-side
pol i shed sapphire substrate to provide
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transparency in the NIR wavel ength range and hi gh

thermal conductivity for a uniform"thermal ground
wolersg22900r the focal plane array (FPA). b. O eamush®4/027551

sapphire substrate in a 50/50 solution of sulfuric

acid and peroxide. c. Apply an anti-reflective (AR)

coating to the non-FPA side of the sapphire substrate.

This coating wll rraxirrize the amount of NI R |ight
reachi ng the CMOS or B§ gSystem and renove any
interference effects resultl ng fromthe substrate. d.

the s IS Very n netal |ayer pronoted

e mat erial s through
y ﬂgfﬁéf & c?@g t}C@Lé@@ﬂ Wﬁiﬁ 3yl sapphire SubNiAte to provide
Sacrifici al r‘?%?%rre e‘@‘d B iyayclensiinrsape arai Ig gty theimalennductivity
anor phous s AEGHORR ¢ ‘heeal gegpad planc't fee thei focal Inbmie omay (FPA).
| ayer. T sCleay e S@PIPiére'Sgbmatefm @i58r501 salugioh ob sulfipiesitid and
| ayer") is RfépE4e-ted using pl asma-enhanced chem cal
vapor degosAPplyan @REGMBCtat (ARWob@mmerad noreFRA dide OfHSisapphire
content i n sheiete.t Bhipcoalingavill naaimaivze el yndvar SUSIR light reaching
mat eri al  withhCM@$ or €aILI desidoul Sy3tedi &l R aﬁ;ﬁ%ﬁeffe?ence effects
Def i ne hol assulibig frbi® thoO§ibs@ate.Phot or esi st et ch mask: A

phot or esdstDdplosid a BBk gdtondRPi 2 di A ﬁleﬁﬁiéﬁfﬁé‘ EQ Quﬁs&@te This

1. DoRRs| IVélm%?lOa%?.ﬁf)A%ljlc%&?é“ of Ti on the FPA side of

of Of(he ISIaC Niefy &Erﬁhleiamé%r ﬂr@m?@cﬁ hfiites s€quen Hg Posiih

conmon | W%}ébﬁyg CEFH %H%p (f,]us sﬁ}}g%)fl? ui ggerfog\;gq. 'gbz}dgesmn

profil e of

£ Thil§ the C Ofj YR )d gited using
glegggéea: h en & ce e ic 6«%;; | QP%Etrgll p)m%?owpgmperature
et chi ng fo bcog{e@ﬁ 1nt (ngr ngqdfl?Qﬁ. g:llaqvgvd}oroum@atenal with

hol gs Cu‘?’ﬁéo"? {1IE) gt he side wall of the

holg |ﬁl§mﬁeﬁh diqr t he photoresist profile. c.

After etth PE@OR@%#F ch gagh: dhpledoresisietqhohaskes affpdiedrentd patterned on

the etchi nipraf thy @@ﬂﬁ@ﬁbl@lw tpdeffriechohaed. dtatatoni SiPemill be

4. Filter Senpsitedivpodihplen to form pre-defined posts. The photoresist is
processed with common image-reversal method to form an undercut
profile of the sidewall. And this profile is favorable because the SiOx
conformal deposition later on can be closed at the top.

b. Etching: Using CHF; + O, + Ar etching formula to etch the sacrificial
layer. The holes will form. The profile of the side wall of the hole is
controlled by the photoresist profile.

c. After etching, chip is cleaned. The polymer formed by the etching is also
removed by photoresist stripper.

4. Tilter stack deposition

a. Protection layer and post layer: deposit a layer of amorphous Silicon
Oxide with an optical thickness of an even number (typically 2 or 4) of
quarter waves of the NIR probe wavelength. The deposition has to be
conformal so that the SiOx can be deposited in the holes in the sacrificial
layer. In this process, this layer serves as both filter protection layer and
post material. And the deposition of this layer should * ‘pinch off” or close
at the top, and therefore a cavity will be formed in the hole. In this way a
hollow post can be made.

b. Deposit the thermally-tunable NIR filter structure on top of the oxide
layer. A large number of variations are possible to achieve various
responsivities and time constants in the FPA. We currently use a simple
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a. Protection |ayer and post |ayer: deposit a |layer of

anor phous Silicon Oxide with an optical thickness of
wanoewonunber (typically 2 or 4) of quarter wravas2of/027551

the NIR probe wavel ength. The deposition has to be

conformal so that the Si Ox can be deposited in the

holes in the sacrificial layer. In this process, this

| ayer serves as both filter protection |ayer and post

material 15 R P08t sBlichdl | ]
"pi nch of }‘ I w{avpgqﬂﬁﬂ e f ;Ttgé(dgg JE ?rfoﬁp%fr rrgflrc;grsssalrl;con (a
ral o lon W1th cegtable insertion loss:

hol | ¢ Sifigiegt O propide o
ther mal | y-  HFE R eeFer W@Yesé‘%l ﬁwa-&w JfetA ey (or

oxi de | ayer . 9AeFt) Yt HaHBYASE ohart.apd o8 fapPags ekqysrier-waves
to achi eve @a?lNédsa‘ﬁ’es%Pf‘sﬁanﬁ PeLrewe usingd PEGYSR pigeess that

in the FPA PwWidesbighngpde aSksemieindpéter aistiplgerresaondiyg to low
Fabr y- Per ot optigaltass incthd 8B singed afid ondea igorvysh cawdiGhisi thaspromote
(a- Si) andresimtanohouBIESVhércempsiradrtdp dhe saerifBiidba)SiNx layer.

Four 5.pMacuurh mxete] seading risugf f i ci ent to provide a narrow

filter funciAl eackwftTitagiaasiRiabiven lapssiddeposiled98d phttagiied on the
pairs of quaitteack@viesn (¥l vEkudn Sdalitig inl 1Y deid3REd By electron beam
cavity (or eagbffdrandPhitdmstlgy tigt-off@MRMoaf a-Si, and

t heng f @ute] paierin®f quarter-waves a-SiNx + a-Si. These

layers arg g R nisikng AuRERYP e@ﬁ%séfs Eﬁédm P4tlBSd on top of
b

SR e e L
gr owt h cond?‘?z‘a a{)r pr‘g1 % tEC\(/:\%mmonly—used
conpared ;to

recal sedl BT f?t n% SElL i %?hh@lgiﬁ?ﬁ]am?@e. [lhprough the

|l ayers is d cfreﬁﬁlf 57 ePeTH He 21 PICR LyC1RE, ?5 ‘produced

to formthe" E"ﬂ& e% 3 FoEpArTifiy? Pelymer igdssgs i Hhitcagype achieved

el ectron beBHn®y Spis Aty ARatchiermmation. anl qtherrggthods including

met hod. 6. Mexwll-knemneBoseigpracesyy” Brectchningu sugficiently long to

Al uni num et achigl-SiOx Pepeitivg layseidepasitasrunder the filtepstask.

t he % i Dierg | ayer to define individual pixels by

exposi ng &'t Tenwhiesis doated ep@rphib®rasise and THenslicdd imagshdividual FPA

typi cal |y agppd. ddtenidicingt the photormist ig-cleane] ff bf teloért.

met IodPodn deffiidet et ching: a reactive ion etch (R E)

step i s appFPAGhipGs efchdd dgainMYORIE, Frst, CHF; + O, +Ar etching is used to
etch away any remaining SiOx protection layer in the trenches, then CF, +
O, etching is used to etch isotropic underneath the filter membranes.
Because of the SiOx protection layer, the filter bottom layer is not etched
in this process. In this process, the post is made of SiOx, which has a
much lower etch rate compared with the etch of sacrificial layer, so
eventually the etch will stop at the post, and only SiOx serves as the post.

9. Aletch
a. Chip is immersed into standard Al etchant to remove the Al etch mask.



filter stack in the trench areas. Specifically, an

etch recipe that produced vertical sidewalls coated
woi20ds/0229001 yner i s used. This can be achi eved BeTM§2@4/027551

CHF3 + + Ar etch formul ati on, anong ot her net hods

including the well-known "Bosch process." The etch is

run sufficiently long to reach the a-Si Ox protective

| ayer deposited under the filter stack. 7. Dicing a.

The wafer is coated with photoresist, and then diced

into individual FPA chips. After dicing, the

phot oresi st is cleaned off by solvent. 8. Post

defywrdttid @RinRd iffPA chip is etched again by RIE. First,

CHF3 + +Ar etching is used to etch away any remai ni ng

Si Ox protect| on |layer in_the trenches, then

et chingli s udedMeER WpieRm o5 BradBeing ap Harge ftom Hglitwé a first wavelength

f i [xost 2 peeRpcameESingecause of the Si Ox protection

| ayer, the filter bottomlayer is not etched in this

process. |n ahigaynideaswllytmablsopticildiliengiselslergpnty wherein each

ot G PR A8 BB A SR EPITRTIAEE i bkl i ctianee

st tapam;ielrﬂurp@fthepamﬂeteniem&la@esserves as the post. 9.
Al etch a. Chip is imersed into standard Al etchant
to renove thelifht setueb forgsbvididg ket ofiaseCdrdl W@J@leingth to th% array of

carrera ystem f or, duci ng.an image from i ght
" fasrmgllsBing Paﬂcfa? SHP=PiEE Slrmentsy FHS that iy areay Oéﬁhegg}alé»f-tunable
t h% )| bM(eI a&a&i@?@eﬁée@ %htefeulﬁgﬁf ofth& §lcofd KRN

V\herel n each pi xel el enent has a passband thatn%shlfts

i n wavel engt b gedyys; a{r&yqof 1%fcéﬁ %‘tl‘(@fll‘tﬁg@ffglﬁ I%?Pﬁ%eccﬁiﬁ wavelength
tenperature of the pixel elene hanges

s o diropethe @rrajoofdhcrmaﬂg mma@lﬁt opticalefiltee pm@tielwaws em@foh ptaglucing an
nabl e i cal ter pixel
glerrg{rr}’{cglym alé]l?f tg%?rlgl ec&% SeCFIrlreHIaf“)%/’ t unabl e
opt| cal pi xel tere

second wavel %P E&e té‘ijgelg%q’g P ?g‘.ﬁf‘w Y3 FI%P%tbgﬁO\l}} ﬁlﬁ S{:EHIg onto the

fi birey efthbinglily-tafabldwptissiciing piveVatrags, wieramiteerag of ﬂbérmally-
of thermal,l% tunabl e optical filter pixel_ elenents and

f ofun3PlsARES &ltsrhplé@émqnéwng?r@ pdpast %ﬂmf‘e%fﬁsﬁbg*ﬁ@f the tast
| MBQQe1thoth REheAEAIASbs@B At least some of the heat.

2. The camera system of claim 1, wherein the light of the first wavelength is

IR light, and the light of the second wavelength is NIR light.

3. The camera system of claim 1, wherein the array of thermally-tunable

optical filter pixel elements is sealed in an evacuated package.

4. The camera system of claim 3, wherein the evacuated package includes a
window transparent to radiation, a substrate for supporting the array of thermally-tunable
optical filter pixel elements, and an indium frame for joining the window and the

substrate together.

A
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optics for directing light of the first wavel ength

fromthe scene onto the array of thermally-tunable
wopbisaareobi | t er pi xel el enents, wherein the arpay/ustoos/027551

thermal | ytunabl e optical filter pixel elenments convert

at least sone of the light of the first wavelength to

heat and absorb at |east sone of the heat. 2. The

canmera systemof claim1l, wherein the |light of the

first velepgth is IR |i

d the | of the .
second vavel &RGFHGTE SR %ﬂﬁltm -3he gy llt‘}glﬁé‘?s %‘gigtaé‘?na matrix of

of Pﬁ;'e@él@?n@nts whereika thBnAly @tatlé oﬁthﬁf ﬁRér' ¥ thleHRA P from pixel to
i cal Iter pixel elenments is sealed in an

ev Mbetcat@ achaigréal for absurbing dight af fusisravaiength andigenegate heat into

whe; gl n t he evacuat ed package includes a w ndow

transparent to radiation, a substrate for supporting

the array of thermally-tunable optical filter pixe

el enent an i ndi r i 0i.ni ' .
and t e SsubstParm o SIS b UL BB e pixel o
c aher sabsyasd mniudés ap@dt condectingahapikelyelémeailt udabsteate.
substrate, a matrix of pixel elenents each with a
thermal | y-tunabl e optical filter, a thermal path from
pi xel t@.t heTheblsharasystenaomelthmi b akhdrein tedkemixl parhlfiophpixel

h and enerate heat i.n

at first vel engt filter. 6.
Theleiet S LEa RO B4 eina Sr Bt s CanprelG D ek Fing f substate,

fromthe pixel to the substrate i ncl udes a post

oo 5 809t o e e BT O gl RO Holineld subagte wherein each

f r giXePél@bnt@) iRRtay O ttféuﬁaty mh@oua Bptidad Reriee] Qleni®Bis8s attached to
arms connecting the pixel element to substrate. 8. The

Fhersgbsitate g BReldosi m 1, further including a
substrate wherein each pixel element of the array of
thermal | y-tunabl e optical filter pixel elements is
at tached to Thecammstyskreolsaig Hivdereipeach pixgl pagids hollow.
camera system of claim8, wherein each pixel post is
hol | ow. ' 10. The canera system of claim8, wherein each

post is 1Q0] j Ghe carmprpsysieRRPLEl APy Sfhesin echlpmtgs sqliler ei n

each pixel post thermally insulates the pixel elenent
fromthe substrate. 12, The_ caner stem of _cl ai.m 8,
wher ei n?%ach’f‘ Sepperagysteny ?thleja]gfg “31 ﬁ%stcameém thermally insulates

cy{Heqﬁt,[élg@hleﬁtﬁ&ﬁttﬁgselbmaw a first end attached to the
substrate and a second end attached to the pixel

el ement, wherein the second end is pinched off.
12.  The camera system of claim 8, wherein each pixel post includes a

substantially cylindrical structure with a first end attached to the substrate and a second

end attached to the pixel element, wherein the second end is pinched off.

13.  The camera system of claim 1, wherein each of the array of thermally-
tunable optical filter pixel absorbs light at the first wavelength and converts the light at

the first wavelength into heat.

14.  The camera system of claim 1, wherein each of the array of thermally-
tunable optical filter pixel elements includes a layer of absorbing material for absorbing

light at the first wavelength and converting the light at the first wavelength into heat.
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13. The camera systemof claim, wherein each of the

array of thermallytunable optical filter pixel absorbs
woOigisto2z0t he first wavel ength and converts thecriughio4/027551

at the first wavelength into heat. 14. The canera

systemof claim 1, wherein each of the array of

thermal | ytunabl e optical filter pixel elenents

i ncludes a | ayer of absorbing material for absorbing

l'ight at _the_first wavel ength apd converting the |ight

at the fiPrst TRAGHTER @XSFFHF ey t"i’l}%‘?‘éﬂh @%Wﬂf%hermauy'
Th %urﬁaﬁeapﬁcmﬁfeﬁgﬁelfeléiﬁ@ﬂtmnclumearnqh&%&m&m@ﬁnﬁwrﬁyence
of thermallytunable optical filter pixel elenments

i nebalthgs an i ndex tunable thin filminterference

coating. 16. The canera system of claim15, wherein

the index tunable thin filminterference coating
i ncl uded6a siThgramerasystem fhdiaipn e mdieredn the dudex éunable, thin film

{ AR AR e Pl BBl el

multi-cavity Fabry-Perot structure. 18. The canera

system cl g ' . g

t her mal ??/t urg% e %p | tE:egllIl gff(itl‘{’l& e?sr’ B@%@J@Férﬁdgﬁtt%nable thin film

i nidterflarsnce coatingaatludeg o rayldrcavioy Fatiry-@etot bingdtireof t he

second wavel ength that passes between the pixel

el enents. 19. The canera systemof claim1, wherein

the arra§. of Théexnnmh systchiofdidien Dpitieedn theiakiag of fhiexadlly-tunable

el emen I ncl ydes an .absorbing l.ayer to absor.b |ight

of SP! DUt HEPsRB GRS Rarkstiod Beteamanlgter Hiosepond
el QaRelkSath 2t pAhed veBrdRh Thepigdl@Bnwdnc! @i m 1, further
including a tenperature-control |l ed package for
containing the array of thermally-tunable optical

filter poxel T efisid Systedilof clAlfh LRI ﬁﬁé%hﬁ?bﬂﬂleﬁhﬁg/ﬂmnable
1, wherein the second wavel engt h tracks the gassban

vaoRliehilter nixel elegegisingludss ap g g layer faabsasd Gghtof ghe second
fi lhedeok gl S8t vSen A1 pine ra systemof claim

1, V\,heernégl n taﬁgsl I ght Sour ce Jij%%:e udes an LED. 23. The
camera systemof claim1, wherein the |ight source

i ncl udegg a | RREEametsrsystERPfCMIBY B fiiRk ﬁ{alﬂfingﬁc{ é:lgh%ﬁrre-comrolled
wherein a center wavel ength of I'ight fromthe |aser

t r paskaga foo cpatsisingrib: aayaif dregmhllpfunable opticad filtef pixel elements.
thermal | y-tunabl e optical filter pixel elenments..

BOSTON 1978S36vl 25. The canera systemof claiml1,

f urt her 21.nc| Tkt eagnesn systeay efredadmf §i, wihereirf e second giaivelgngthéracks the

?ﬁg&%agﬁ?vagffglgb %}g .olf ih%%a? fof ﬁl@gngiﬁl%ﬁg)lé/\’gﬁ/t?cla?ﬁl%rrﬁi)geﬁ flnents.

22.  The camera system of claim 1, wherein the light source includes an LED.
23.  The camera system of claim 1, wherein the light source includes a laser.

24.  The camera system of claim 23, wherein a center wavelength of light from
the laser tracks the passband wavelength of the array of thermally-tunable optical filter

pixel elements.
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26 The canmera system of claim 25, wherein the

tenperature of the reference filter tracks the
woenpaezour e of the array of thermally-tunabl ePoptisemh/027551

filter pixel elenments. 27. The canera systemof claim

25, wherein the reference filter and the array of

thermal l y-tunabl e optical filter pixel elenents are

arranged so as to have little or no tenperature

differenge b : r.a,system.of

claim 2_7;S vvhgirlg,i@%ﬁkfr% gﬁs ?Eél% éi?cel%@;ﬁffﬁ ‘Iq?ezfrl nc%%r?g %Eef%{F ?Cg)ﬁlter for

of DRy ing|the/bandwidh ef bplightaif thd deterd WwaveRngtl festh Eesli gkt Source.

contained within a single tenperature-controlled

package. 29. The canmera systemof claim1l, wherein the

array oR6t helhatdnyera system ef dgitn 25 whbicid @ tq@hpetdture of the reference

el SiENSl C t-0 a sa ire substrate. 30. The

caﬁer a agcyl/(gsﬁ1 ((e;“?néd;l er%ﬁ% % 3%3{2"? eﬁmf‘ﬁpé"t"élﬁli’lﬁ)?P@‘fal filter pixel elements.
thermal | y-tunabl e optical filter pixel elenents is
attachegyto & silico ub at . . The canmera system

of cl ai ?n7 mﬁ%eréeﬁn}%"% ﬁ'gég} aC;iP‘ ezst WBersH the 1aferaagsi idter and the array
opef thedmallliyttheblepdprieh] fiitee pixel demsnt@hleaehBELALS a8 to hav %ittle or no

su str%éfrd ere::hgthe substrate is a I mager . 52,
ThETPRIAEE diteencePefiveen Weh 1, wherein the array of

thermal | y-tunabl e optical filter pixel elenents is

attacheg, to substrate, wherein the substrate is a

CMVOS i nyer . - ISFAPRASYRIema! glaim 2 evhespindheefarancedfiliet st the array
i nefl thehinably aur@etel spFicATRIIRF hiakl ASROR ; cied
surfaces within (?F]e evac%lat ed paci%rggf)ﬁ%&?d s?(ﬁléﬁcaasﬁ%%l%
syEmeFRaBe-eomIoed padkags-ei n t he camera syst em oper at es

in transm ssive node, such that the |light of the

second wavel ength passes through the array BOSTON
1978836%}+ of kh&rmerasystem ehplain dpwherein the Arayrofphetsially-tunable
elgpiBAtratefpitel A& . e detector array.

35. The ga?re?a sy%lﬁge%ag'?&%ﬁgq g}ngaf,wl\%seq%éﬁrﬂe‘t he canera
system operates in a reflective node, such that the

l'i ght ab. t hapsesnnd | reflects off af the

array of thernall y-tuna Iogaop |1’c‘§ e lpftl?eeqnagioggrermaﬂy-tunable
elogHeal fidtcmpideltetrmenty is ptarhtd ® 4 silitdnesublaiest or arr ay.

36. The canera systemof claim1, wherein the detector
array includes a CCD or CMOS canera. 37. The canera -
syst emPéf cTh¢ panera wirstane pficlbine],dettepsit tie aafay @y tHeRGAIKERSable

A oPfidal Riter pixel elements is attached to a substrate, wherein the substrate is a CCD

imager.

32.  The camera system of claim 1, wherein the array of thermally-tunable

optical filter pixel elements is attached to a substrate, wherein the substrate is a CMOS

imager.

33.  The camera system of claim 3, further including a getter material deposited

onto selected surfaces within the evacunated package.

34.  The camera system of claim 1, wherein the camera system operates in

transmissive mode, such that the light of the second wavelength passes through the array
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photo di ode array. 38. A nethod of generating an inage

based on light of a first wavel ength froma scene,
woanpreziong: generating |ight of a second wavePemgismo4 027551

converting the light of the first wavel ength to heat,

and coupling the heat to a thermally-tunabl e optical

filter array to vary the tenperature of

thermal | y-tunabl e optical filter array, wherein each

el . - mbd -t pti.cal filter arra

e g ey hAGE REGER el kTR e B etecor

r efac@agt i ve i ndex change, as a tenperature of the

thermal | y-tunabl e optical filter el ement changes;

filtering the light of the second wavel ength with the

t her mal 13§- t uThbtanapsystah of clhinel, wiierei tsdiiet@isteh\6perates in a

% Pﬁrfgﬁ%&g {_nlto %%Q%h;e th?tﬁtéei: ﬁ gllg&fq @%@%&%}#2@%&?&% off of the array of
d e&l%i‘ﬁlhlcl}%tdnﬁslefopﬁéaff Figer pikQRlien®ined Ha tﬁﬁgﬁgﬂagﬂy & 1?1@ Abfctor array.

with a detector array, so as to prod Sl gha
correspondi ng an i mage of the scene. 39. The nethod of

cl ai m 386. f UThOEdmdrh Sysetth Bﬁqlﬂﬁﬁf,aﬁﬂe?ﬁnkﬂé%efgcfcﬁ‘)érr% includes a CCD
t her mal(lgg-t unabl e optical filter pixel elenments Im a
f

t r ShSMQEraetAnde, wherein the light of the second

wavel engt h passes through the array of

thermal | y-tunabl e optical filter pixel elenments and

pr opag at”is t &hg prancips¥stonbeL clEmsh Fpe1dy 8R3Biecw arrThimcludes a p-i-n
mebh&d afae 6@y m 38 further including operating the

array of thermallytunable optical filter pixel

elenents in a reflective node, wherein the |ight of

the seceond V@%ﬁétm@eﬁ&%ﬂlegc%ﬁnﬁ%% bgs]éafi tog I% gﬁ{ S f wavelength from

thermal | y-tunabl e optical filter pi ment's and
pr & peEgeteesprginghe detector. 4 . The nethod of claim
38, further including detecting the |ight of the
second geertingdight ofiatshcond @@RelengttMOS canera. 42. The
met hod of claim 38, further including narrow ng a
bandwi dednveting ke lighgbf the first hevaessh e M@y, ahe s@iplinpitidheat to a
reference filter. 43 A nmethod qf fabricating an_arra
Tt pabs opticaf @t%ﬁffr%aq ViFy fhedsmpRrare ol tBapali tunable optical
C Ofijdri aBia ) Owhedteil @8dH d1iferR of Bfe thdrm@l P huraBX &t ifeRarray has a
substrate; far each pixel elenent of the array,
passband that shifts in wavelength, due to a refractive index change, as a temperature of

the thermally-tunable optical filter element changes;

filtering the light of the second wavelength with the thermally-tunable optical
filter array such that the thermally-tunable optical filter array produces filtered li ght of the

second wavelength; and,

detecting the filtered light of the second wavelength with a detector array, so as to

produce an signal corresponding an image of the scene.

39.  The method of claim 38, further including operating the array of
thermally-tunable optical filter pixel elements in a transmissive mode, wherein the light

of the second wavelength passes through the array of thermally-tunable optical filter pixel

elements and propagates to the detector.
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(i) formng a substantially cylindrical hole in the

sacrificial layer; (ii) conformally depositing a
wonraeis@erdoon | ayer onto the sacrificial |ayer, wROBUSRIW4/027551

the protection |ayer coats a surface of the

sacrificial l|ayer, bottomof the hole and walls of the

hol e, and wherein the protection |ayer forns a

pi nch-off at the top of the hole; (iii) fabricating a

R L L e—

pr atueble apmchlzf;l&r piatl eﬂehﬁerms el reﬂb@ﬁ?e mtode OMHéiéh)fhe’ill’ﬂght of the second
formn ve | ayer at a sidewall of the

g a ﬁf ec%¢

f i Mayplengthdetlecisyoty ofithe %T%%Pféb%maﬂ&wq@bles@élmlffﬂf@r pixel elements and
Ia*g&,?gbggqh@a&ga%gn on layer that fornms the walls of

t he 44. The nmet hod of claim43, further

including formng a protective |ayer at a sidewall of

the fil yer hé

The met hod of "ol s o ghoRt 38 SRR ke bk i of the second
an warelangth MiirCCR e EMIS gamerp. sur f ace of the fil ter

BOSTON 1978836vl 346 An optically-read tenperature

sensor, conpr|S|n% a thermally-tunable optical filter

havi ng 42pas$bamdthed af clgim B8.Juitkervimohalienuprinwidg e bamdvedth of the
re ggﬁ? ature of the

t hf(lellgﬁltc(ffltl){ee%ec %V%ﬁ?lgl ca]lﬂ??rq?%r%g&gelg?ﬁges a light

sour ce for prOV|ding light of a first mavelength to

the the 1yt uch..t hat

thor rmml 1o t U Aot BGaE R bl BB #Tple goat e pine
| i glemeofs, ¢dmprisingond wavel engt h; a detector for

receiving the filtered light of the second wavel ength

f r om t hdegosiginga lshoyificish iybeomph isaistrafet | t er, and for

produci ng an el ectrical signal corresponding to the

t enper afareachqfixdl bRnicheside hivayt, unabl e optical filter.

47. The optically-read sensor of claim46, wherein the

ther mal | y- t u@pfolBing AlsuBdntfally ERind¢REl ¥ @ theddAfitinVRyer;
i ndex affecting the light of the second wavel ength

accordi ng t o B&lfb@ﬁﬂl’l@r@bwﬂ%%@( p&tb@h&ﬂ‘ﬁ%[adnltd’ t‘h(e léﬁk"i‘fﬂc%l layer,
optlcal filter. 48 The optically-read sensor of claim

46herginy the Profageipr layersoats Resteineaatdhs sacriGeiar layernkatiopwbfithe hole and
t hgaRabydne H&E ta‘ﬂﬁ whifeid ihg %}ot%ué)'hg%re? ?&fﬁ? q p\ﬁ@cﬁ cflfF &q{l@top of the hole;

fromthe lig sour ce. y=read senso

of claim 48, 11Yyhﬁaf>ﬁ aﬁln%qqh rﬁfﬁ? gﬁ{ Hﬁﬂeop?lﬁaltfqt%f f)n l%eelrg)ﬁ% etg)n layer;

filter track erature erma
optical fil t(?sy) 'vertically etching the filter and the protection layer at the pixel

element boundary and forming a protective layer at a sidewall of the filter; and,

(v) laterally etching the sacrificial layer to the protection layer that forms
the walls of the hole.

44.  'The method of claim 43, further including forming a protective layer at a
sidewall of the filter while vertically etching the filter.

45.  The method of claim 43, further including depositing an IR absorbing

layer on a top surface of the filter.
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50. The optically-read sensor of claim48, wherein the

reference filter and the thermal|ly-tunabl e optical
woizbisar29mne arranged so as to have little or neBCT/US2004/027551

tenperature difference between them 51. The

optically-read sensor of claimb50, wherein the

reference filter and the thermally-tunabl e optical

filter are contained within a single

senvor dp o SR ERa8 R e Risny leaol fe'&g el udeq.
LED. BOST 738
zgnsor of cl g\lf-ﬁf %I%, %?Q{PI&OH?T%QEFFGI@Y 2 ﬂy@nﬁﬁﬁ@fﬁﬂ%@n

a lvaselkngthAduedo FRsFRbvOIndSCaRnpE ad a&&ﬁw&@lfel&fﬁl&heﬁlauy-tunable
t enper at ure profl | e, conprising: generating |ight of

fi ©o8tc g dapges; filtering the light of the first
wavel ength with a thermally-tunable optical filter
havi ng a pas@Bﬁmoﬂwa@fﬁpﬂﬂglg|hl§hkiﬁ\ﬂdﬁreﬁ1ga‘&¢lenéthé0tﬂ@ thermally-

re

hfg?r%gh éﬁgé& Hﬁ‘gtgf(seu%g ‘g%h? §1ae| tﬁ‘é‘rq lg%ﬁ%ﬁ ggé?l fi Qter ér%%{l%es filtered light of
pr dbseeorid waveleagthl | ght of the first vvavel engt h; and,
detecting the filtered light of the first wavel ength

wi th a det ech dste@ndfopreedivirignge fhered] Blitlof €@ seSdr@@dvelength from the

correspondi to,t enperature of the

© bR e Racab e 410 of pitshcing ap civsiecphaianateasresponding o
cl s emfleratubt $1RS thbﬁﬂdll&%ﬂﬂ)l@&ﬁf&l figer! N€ tenperature

of the thermally-tunabl'e optical filter by direct

thermal transfer froman environnent. 56. The nethod

of cl ai ny.54, Theisptaay-tdaalsbitoner GNANY, R8eleltfihe thermally—tunable
tenperature of the thermally-tunable optical filter b
ab8pies Hljersiages 2 @ﬁﬁagth\@tm@eméfwmg & lightcpf dlemsesond ngedmth

el eGdorfl hod of

ol Sk @APAREL epkAtlrabE R dediPhunabopf B ATEL 10 °1 e

first wavel ength so that the anpl i tude of the i ght

varies ygth Tﬁbeo&)tt 23l Yor asclan‘% AR, ok {udl areference filter
fabricating a pos r supporting a ¢onponen 156V

s ubx tnpuoeingdeonipmiwidily of dhe pight ¢fi thngseaomhwavdlerxgﬂﬁﬂromat}fe]ﬂ ght source.
onto the substrate; formng a substantially

cylindrical hole in the sacrificial |layer; conformally
deposi t#hg allraptiedtyi-tead benper ofwirtim 48hwheminr thé tempekature of the

! YeBdrence filter tracks the temperature of the thermally-tunable optical filter.

50. The optically-read sensor of claim 48, wherein the reference filter and the
thermally-tunable optical filter are arranged so as to have little or no temperature

difference between them.
51.  The optically-read sensor of claim 50, wherein the reference filter and the
thermally-tunable optical filter are contained within a single temperature-controlled

package.

52.  The optically-read sensor of claim 46, wherein the light source includes an
LED.
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wherein the protection |ayer coats a surface of the

sacrificial layer, bottomof the hole and walls of the
waabws/02z000 wherein the protection | ayer forns RCT/US2004/027551

pi nch-of f at the top of the hole; fabricating the

conmponent on the protection |ayer; BOSTON 1978836vl

3lvertically etching the filter and the protection

| ayer at a peripheral boundary of the conponent; and,

EERRE AT AR —

A va¢el engt h conversi on device, conprising: a
thermal | y-tunabl e optical filter having a passband

that shifts in wavel ength, due to a refractive index

change, 53as a Al @BMRed of sénsingh éhierdcherona ldiipdritaAdYr6file, comprising:
optical filter changes; an absorber for converting

radi at i @Bnetir 1fdhk 6f a RAY RheMtgth;i nt o heat, and for
coupling therﬁééi to the thermally-tunabl e optica

filter: raehih@b 1AUSGRe FRE wil@Migh REh hkt%&ay-uﬁlaﬁﬁ%gﬁéal filter
wavel ength to the thernallytunable optical filter,

sudiving atasshend thatrshifls in wayelaigtle dvptq & edfrabiive imrdex change, as a

pr i lter hal h velength: .a . .
e R U Bl Thafle dotEWAAER OandBl 56 BT oo e frercd ignt
wa\of ilerfgsthwdvelrngthhend, her mal | y-tunabl e optical filter

and for producing an electrical signal corresponding

to the Wewgttingahe tiieres tghrud tvetined wangldhpthanith a detbéteSaddProducing an
dir?ctjng,th radi atjon at the first wavel ength onto .

t hé&leewisplsign ?‘EIFF&B‘PI@I%‘Piﬂ&"a‘ICmPFIlaF’é‘? of the thegpally-Hwable optical filter.
thermal | y-tunabl e optical filter converts at | east

some of _the |jght of the first wavel ength to heat and

2bsor bs Sit 1 ShEMeuGthoT BRine b bRy BT BB g emperature of the
S e BiSdrMBIL A BHE 8 Adal Fifter ISPATRICE GbMthl ndRI&T Bdrh B ehiiffiimeat.

a first wavel ength; filtering the light of the first

wavel ength with a thermally-tunable optical filter

havi ng g6.passhamdthbat ciith 54, Fuitier WY liSNEHR 'n?lt'ﬁ‘e tepBrature of the
refractive index change, as a tenperature o?l. he .

t héemmpllyytunabie ppiécabFilterchy abserbingelestramgenstic sadiationtagd converting the
pr efly Folfs ! f the first wavel ength; and,

det ec?@ﬁggén%ﬁgfa?%tlkg%%ea?i ght of the first wavel ength

with a detector and producing an el ectrical signal

correspepdi ngnd DB of BIRE5Aetiifer Hc1ddik filtering the 1 i
Cher mal ?’5_ " una%{ﬂg optolf el ?%I iy r c Jdi‘r‘fg filtering the light of the first
wavelength so that the amplitude of the light varies with the temperature.

58. A method of fabricating a post for supporting a component above a

substrate, comprising:
depositing a sacrificial layer onto the substrate;
forming a substantially cylindrical hole in the sacrificial layer;

conformally depositing a protection layer onto the sacrificial layer,
wherein the protection layer coats a surface of the sacrificial layer, bottom of the hole and

walls of the hole, and wherein the protection layer forms a pinch-off at the top of the hole;

fabricating the component on the protection layer;

BOSTON 1978836v1 “ 3 ? '



BOSTON 1978836vI

WO 2005/022900 PCT/US2004/027551

vertically etching the filter and the protection layer at a peripheral

boundary of the component; and,

laterally etching the sacrificial layer to the protection layer that forms the

walls of the hole.

59. A wavelength conversion device, comprising:

a thermally-tunable optical filter having a passband that shifts in
wavelength, due to a refractive index change, as a temperature of the thermally-tunable

optical filter changes;

an absorber for converting radiation at a first wavelength into heat, and for

coupling the heat to the thermally-tunable optical filter;

a light source for providing light at a second wavelength to the thermally-
tunable optical filter, such that the thermally-tunable optical filter produces filtered light

of the second wavelength;

a detector for receiving the light at the second wavelength from the
thermally-tunable optical filter and for producing an electrical signal corresponding to the

light at the second wavelength; and,

optics for directing the radiation at the first wavelength onto the thermally-
tunable optical filter, wherein the thermally-tunable optical filter converts at least some of

the light of the first wavelength to heat and absorbs at least some of the heat.

60. A method of sensing a temperature, comprising:
generating light of a first wavelength;

filtering the light of the first wavelength with a thermally-tunable optical filter
having a passband that shifts in wavelength, due to a refractive index change, as a
temperature of the thermally-tunable optical filter changes, so as to produce filtered light

of the first wavelength; and,

detecting the filtered light of the first wavelength with a detector and producing an

electrical signal corresponding to the temperature of the thermally-tunable optical filter.
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