1 NI GHT VI SI ON SYSTEM AND METHOD FI ELD OF THE | NVENTI ON Thi s
invention relates to systens and nethods for extended thermal imaging, and
nore partwoubmri4g92ro systens and net hods for short wavePChfiLzn®osoi8W R)

i magi ng. 5 BACKGROUND OF THE | NVENTI ON Infrared detectors are w dely
used for collecting imge information undfr conditions which do not allow
regul ar optical observation, such as at night or through clouds, haze or
dust. For exanple night vision detectors allow car drivers to watch beyond
the reach of the car headlanps illumnation field, for search and rescue
10operati ons and ot her applications. Traditionally the infrared band
is divided to Near IR (NIR) between 0.75[tmand 1.1[tm Short Wavelength IR

-1 (SWR-1) optical ba Wavel ength IR - 2
(SWR-2) optical band aﬁﬁ%%ﬁ@nﬂ“%‘;n“#?%@pg(wm bet ween 3ium
and 5ium and Long wave IR (LWR) between 8i um and 1514[tm SWR
detectors are used for various civilian and mlitary applications including
ni ght vision, Silicon wafer inspection, |aser beam nonitoring, gas
nonitoring and other. Detection in the Iium2.5 umspectral range is

usual ly inplemented using detectors cooled (to cryogenic or non-cryogenic
tenperatures 20 (such as photovoltaic (PV) detectors) and un-cool ed

deteCtorS.ﬁﬁ#ER)éi”ﬁﬁhq Jﬁhfyﬁﬁtectors, phot oconduct or detectors, etc.).
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As known in art, cool i e detector increases the systemsize,

wei ght, cost an ower cons tion of the system Therefore .cooled
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sensitivity and dark/background current, which are insufficient for night
vision in t|agme2 51, imspectral range. Passive N ght vision devices are

usual |y categorized as either "reflective" 5 (e.g. - utilizing |ight
emtted by a natural or environmental source such as the noon, starlight,
airglow or zodiacal |ight, urban anbi ent background illum nation and

refl ect éd FACKGERQUNIROEF PHEINVENAYON obj ects and their background), or
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i maged obj ect's tlﬁé%%%%%é%ﬁreeﬁ‘il eﬂ}éalsqﬁy?qrh@(ﬁw%v&g%%sruwéwailenﬁaﬂ&%g means
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10  operations and other applications.

Traditionally the infrared band is divided to Near IR (NIR) between 0.75um
and 1.1um, Short Wavelength IR - 1 (SWIR-1) optical band about 1.1um—-1.7pm,
and Short Wavelength IR - 2 (SWIR-2) optical band about 1.7um-2.5um, Mid Wave
IR (MWIR) between 3um and Sum and Long wave IR (LWIR) between 8um and

15 14pm.

SWIR detectors are used for various civilian and military applications
including night vision, Silicon wafer inspection, laser beam monitoring, gas
monitoring and other. Detection in the lum-2.5um spectral range is usually
implemented using detectors cooled (to cryogenic or non-cryogenic temperatures

20  (such as photovoltaic (PV) detectors) and un-cooled detectors (such as bolometric
detectors, photoconductor detectors, etc.). As known in the art, cooling the detector

increases the system size, weight, cost and power consumption of the system.

Therefore, cooled detectors are not a viable solution when these resources are



151 magi ng nmeans bel onging to the category of "radiative" or "thermal"

i nclude, for exanple, Cryogenically cooled PV focal plane arrays (FPAs)
based on Wbnowwmp3eadnm umtel luride (MCT) or I nSb nmateri @actalLiooysjoias wel |
as uncool ed FPAs based on bolonetric, therno-electric or piezoelectric

effects. These types of imaging_ techni qgues have several
di sadvant ages, such that 20 neither one df themis considered superior in
all respects and all scenarios. GENERAL DESCRI PTI ON There is a need

inthe art for, and it would be useful to have, a novel SWR inager that
can oper at éingitedorOmehs otlee nhdnenenadntivealwii-oblod gletdttorof Haveawmelfénghhs 25
that extended from1.7i.tm (for InP lattice nmatched I nGAs) to beyond
2.0i.tm | tensitivily and\lagk/packeround Gurseht pvich gt wswWhRicaelor ﬁtﬂhéﬁ’é%ﬂnéa Uy usi ng
strained |I’1Q§§En{3%eg@aﬁlr§d cgrowth on InP substrate, or MCT. Passive night
vision in the band reqw res very low dark current |evels (noise),

wher eas t he dar RPasuva nghtnnmpeakeseaard helabytwfcfonedehenighdn ‘Ireftecemses. | n
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Mercury cadmium telluride (MCT) or InSb material alloys, as well as uncooled FPAs
based on bolometric, thermo-electric or piezoelectric effects.
These types of imaging techniques have several disadvantages, such that

20  neither one of them is considered superior in all respects and all scenarios.

GENERAL DESCRIPTION

There is a need in the art for, and it would be useful to have, a novel SWIR

imager that can operate at or near room temperature with long cut-off wavelengths

25  that extended from 1.7um (for InP lattice matched InGaAs) to beyond 2.0um. It is

believed that such SWIR imagers can be implemented by using strained InGaAs
epitaxial growth on InP substrate, or MCT.

Passive night vision in the SWIR band requires very low dark current levels

(noise), whereas the dark current increases as the cutoff wavelength increases. In

30  order to allow for close to room temperature operation of a SWIR detector, and more



The present invention partially elimnates di sadvantages of the
conventional SWR imagers and provides a new night vision system which
enabl es operatzw@sat or near 20 room tenperature and opecatimg2/niviiihe
wavel ength region up to 2.5 mcrons. The night vision system conprises an
optical systemfor collecting |light and fgcusing collected light onto a
phot odet ector. The ni ght vision systemintcludes a photodetector having a
cut-of f wavel ength of 2.5 mcrons under the roomtenperature conditions.
The night vision systemal so includes an optical system 25 configured for
col I ecti ng slgnffitananditheswsdaywhirderpoh Bﬁ\dRedleldagho‘:urmmt of thheepkotmdebect or,

and a spectral filter | ocated in an optical i ght, propaggtlng

toward t he o dHEE Epikr Curang capiss deleriopatiop gt ﬁilg se:%slﬁJf QP raky b abl e to
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val ue. According to an enbodi ment, the predeterm ned val ue of the |ight
mavelengthdshmnmeangMMhmmnmwhlWSHQOﬁwgmeongumcn@ﬂhhdu@ 1.8 microns. This

f eat ur e _enabl es .t he ht, vi si on tem gr adual | i.ft operaf.i. om
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t hereby al lppwiidnhat ARy HeGRiplath&it@NinSY SDERPAOosteh@ft ndak gBfo v@fabeGifdtd rom and
emtted by the object being i maged. According to an enbodi nment, the

phot odet ectigplemenandesitrectitca- o r/waneiore) naahi Higioa ipaping neansict ur e.
SAccording to a ot od ect Fra
conprising a dog%BmPRgmgﬁgéﬁgg?ﬁaeoug%)%g 1%31% 0 F%chﬁ%ru%?%ﬂggéhpported

by the subst¢tad smahid? thayes modierefadttcphfotaati@o@n tHerIW IRH 8ub-bapd) @ else an
n-type | ayer, a B-t e layer, and an_absorption | ayer bel(g sen5|t|ve to
eyt ‘%rﬂt?i f;

li ght, 8nd ™Mes tlv\f@@ﬁatﬂ% (R thadWIRe ﬁub“é’ﬁ%‘?)swoﬂléd@dér RGNt &
enbodi ment glén@g afld RMBecohf&D’mﬁé tdicen S aﬂéi’l%‘ap'of Po%ﬂé% bcHé L&k | 3 %@%ﬁ ed on

the InP substrate layer erein the n-type | is uh cap

| ayer; andpmheﬁeﬂndihemaﬁsmﬂhknmaotm@ﬁbﬂhmnmﬁdmm&dﬁthaAs According to one
enbodi nment, the abso tion I% rs is a Strained S h@ttlce SLS Iayer

i ncl udi ng 250 pdi ?’VOP Ashs2 Y%’P@ﬁ%gs@( Baveng SPr‘iﬂtfta mn

15struct ur @yical path ofalcf p%ﬂl%aﬁr% R/NAt Ia@{ect%mﬁglaﬂﬁﬁin sucie RRSRE @ﬁdt(?lrfb layers

is a Strained Super tice | ayer including three superlattice |ayers
SL1, 5u2 amdmﬂyaféﬂgmm orormirgion nfn shd IWHL € bubyleand) Thiethg§Lhostiyp elrdramt | ce

| ayer |nclu 500 AlLQ A7As f i.ng the claddin 1500
o s ot AR aBR R T SRR BBl MRl A et bR BT FhE° Sy s® ot
Ino 52A10 48ASné QE[BUEI@ wiHkh @fhadsgwﬁle%he@br moQ1yP@EINRASasQlesitd®Al GaAs f or mi ng
t he grading. The 5L2 superlattice |ayer includes: 50 periods of |Ino 53Gao

47As and 1 pé@%enbwgemfonsmﬁlaﬂbbelya@a@sMW%ﬁ#ﬁee@Aﬁhﬁ sinssptiqal PAYER ng t he
cheorber. ThG - BByREILSL ASE L Lyl uficthy 3,80 SRyl 0B i 47
| no 53Ga0 4dAs tk@perang andoptathg in the wavelength region up to 2.5 microns. The
night vision system comprises an optical system for collecting light and focusing
collected light onto a photodetector. The night vision system includes a
photodetector having a cut-off wavelength of 2.5 microns under the room
temperature conditions. The night vision system also includes an optical system
25 configured for collecting light and focusing the collected light onto the
photodetector, and a spectral filter located in an optical path of light propagating
toward the photodetector. The spectral filter is configured and operable to selectively
filter out light of wavelength shorter than a predetermined value. According to an
embodiment, the predetermined value of the light wavelength shorter than which is

30  filter out is about 1.8 microns. This feature enables the night vision system gradually

shift operation from mostly reflection mode to a combined reflection and thermal



According to one enbodi ment, the spectral filter is arranged upstream of
the optical system According to anot her enbodi nent, the spectral
filter iswarnemgat7downstream of the optical system 30RCTALZITOSOIA an
enbodi ment, the optical systemhas a first optical path through which a
first wavel ength |ight generated by a thernmal source is transmtted, and a
second optical path through which a second wavel ength environnental |ight
5 reflected fromobjects is transmtted. The optical systemis configured
to nodify optical characteristics of the light transmtted through the
first and sesienchepdtyhdlsic thidhaight hsidn gitent t@dswet ligd refiecedyfrotohend i r st
path do not interfere with light transmtted through the second paths.
5Accor di ng %ﬁ%latﬁepb&éh@% mpgedet of the invention, a night vision

met hod i s NRUIEETf BT erh RGPS, B r@'%lo%%iect%} {Ofn BEATdl RIVIH SIRSF Bl and
operating in the wavel ength region up to 2.5 mcrons. The nethod conprises
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reflection node to a conbined reflection and thermal node. This feature
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15wavel engtwes’haorter wavet eng ere i'S about 1.8
mcrons. thepléfegording to an enbodi ment, a cut-off wavel ength of an
i magi ng conponent is selected to nodify the ratio between the sensitivity
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15 structures.
According to another embodiment, the absorption layers is a Strained Super
Lattice (SLS) layer including three superlattice layers SI.1, SI.2 and SL.3 grown on
the InP substrate layer. The SIL.1 superlattice layer includes: 500 periods of
Ings53Alp47As forming the cladding, 1500 periods of Ings,Alg4sAs forming the
20  multiplication, 110 periods of Ing 5,Alg 43As forming the charging sheet, 50 periods
of InAlGaAs forming the grading. The SL.2 superlattice layer includes: 50 periods
of Ings3Gags7As and 1500 periods of Smm Ings3Gags7As/Smm GaAsg s Sbg.ag
forming the absorber. The SL3 superlattice layer includes: 45 periods of
Inp 53Gag47As and 500 periods of Ings3Gags7As forming the cladding and 20
25 periods of Ing 53Gag47As forming a contact.
According to one embodiment, the spectral filter is arranged upstream of the
optical system.
According to another embodiment, the spectral filter is arranged downstream
of the optical system.
30 According to an embodiment, the optical system has a first optical path

through which a first wavelength light generated by a thermal source is transmitted,

and a second optical path through which a second wavelength environmental light



According to an enbodi nent, the optical detection nmay be is used for a

ni ght vision system According to an enbodi nent, the absorption |ayer
may i ncl wle 2nr3e2ian 1, 000 superl attice | ayers. 30Accordirap2onzozmil

enbodi ment, the detection array may operate at tenperature higher than
270K. 6 According to an enbodi nent, the new ni ght vision system

i ncludes a spectral filter located in an gptical path of |ight propagating
to the detector. The spectral filter may include or be conbined with | ens
for directing light onto the detector. The spectral filter is configured
for changimgkkhﬂ,ﬁamjdﬁhﬂimeennﬁﬂmeéeﬁwibpMﬁﬂyyﬂ&nﬁb&mnﬁgmﬁagennmﬁﬁ}ight
generated by .a thermal. source a the sensitivi the imager to |ight
that ori gi WRHEA C P%Faﬁtﬁ”é%&rs&éﬂ%? lrg%man%nw&'ed Feopedy fﬁa@ f%%t@g%tsewem@@é%@x ed

obj ects. AggQrgli f tttﬁngﬁu@ar@m%gf?me ﬁrgﬂﬁaﬂase@%{ﬁkerfeké &vﬁhl fit ¢ARf{igy ed and
operable to selectively filter out t of wavel ength grter t han about
1.8 nlcronsthghébye@hﬂﬁmﬂmg t he systenloperatlon fron1"nnst|y reflection"
node to _"refl ectjon us 10 Accor

tavel endths. t he AGPEERAEOST FIG R AP E gy rear Shar TR
transm ttegrali@udra iflabmly APbbjeal atRAt feak Rodi t6hpedheE @A¢ opamahengtifs t hat
correspond to environnental |ight reflected fromobjects are transmtted
along a secvwale@gm ggionpt kp 2r§ Wﬁr@ms Tda@tm@télowomprla%g@dlean@m@gh& apdeast one
of the fir and h ti
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wi th the | ioghivatdl@sirot Jzednﬁlrmgmﬂaethetrh@ﬁ tﬂﬁpétature and sdlbeielhfiiefifjus been
outlined, rather broadl¥ the nore inportant features of the invention in
order tiat Ophélgabtqi. Varlenedt shprerohap he rsetclarmateds srlvowaIcrdnepiidrtlbt may be

bett er U”dgﬁrt?@];?%’ me%%tHﬂ%fﬂ%&t Gh A0 sty %g‘ﬁqlﬂﬂl%é rQﬁecTnBF ah@‘(}?é?ﬁlhpn Wil

be 20set f etail escri ption, n part e appreci ated
fromthe demﬁklﬂhmdhmunrmnam;&ﬁahegﬂngmr@&xpxb&@mamdoﬁnmhébwnhembﬁnn BRI EF
DESCRIPTICN OF . THE W NGS In order to understand the invention
and to see PRt IMRS be carried out in 25 practice, enbodinments will now

be descri bed, bYAdé’éﬂéhr?Qc tBOBné 'éﬂlﬂddﬂﬁerﬁxatﬁPl ﬁre@é’téﬁfmnwt\l@ilﬁeﬂ(ﬁr BRCEhO the
acconpanyi ng draw ngs, in Fig. is a schematic V|em10f a two

d!nensn@nahwn@begmmbﬂn@ﬁhaymea@wémmghgwndlmﬁﬂ@nhbumnsﬁpubfSmhennmvent|on
£, 2,108, X S ASRROTRE B Lo GHUE o MEAT GRS e e
backgr ound jpge1ddaal theRRBfhY FRioPEIWENSIHS sdniRivay ©F aganackgnRungenepARET at ur e;
by a thermal source and the sensitivity of the imager to light that originates in
background light that is being offset from detected objects.
20 According to an embodiment, the system is configured such that a noise level
of the system is low enough so that the system is sensitive to the thermal radiation
emitted from the object being imaged within the wavelength range of the
photodetector even in the absence of light reflections.
According to an embodiment, the optical detection may be used for detecting
25 firing of firearms.
According to an embodiment, the optical detection may be is used for a night
vision system.
According to an embodiment, the absorption layer may include more than
1,000 superlattice layers.
30 According to an embodiment, the detection array may operate at temperature

higher than 270K.



7 Fig. 3 shows exanpl es of dependencies of cut-off wavel ength of a
detector as a function of the tenperature difference between the object and
backgr ourmiof2or2/Maa27ous background t enper at ures; PCyAL13bownsl a
schematic view of a night vision systemenploying the two 5 di nensi onal
detection array shown in Fig. 1, according to an enbodi ment of the present
application; Fig. 5is a schematic cross-sectional view of a

phot odet ector included in the 2-dinmensional detection array is shown in
Fig. 1, according to one enbodi nrent of the present invention; 10Fig. 6
shows char act er iAsicbrlirl 6 aarvatlgyithenteths natvirdgght iviggobeysienplneielnt edpdeanl t he SLS
absorption J ayer shown in Fig. 5, according to an enbodiment of the

i nventi on; filter ﬁca@?g&?ﬂ oplicgh il §RohPraeteaaE oo HeRE0pf T SRPgY TiFsi on
system acGfdifdghdh Gt MO cSIBRSH VR fen@ffol Iaﬁe&tﬂigeﬁﬁﬂto&hto kRe BEEALEERhe

DESCRI PTI ON EMBODI MENTS In the followmng detailed description,
nuner ous sppaitfal dildetaichsiigreal $@t cfappinlg tha retidédectwapnpthowenetiatyt hbtlmugh

under st andi.ng of the inventiaon. wever, it will be.understood b hose

ki 11 od o n P lp IEh SRR s, ERPR- e bl (i OBt RREE PR3 I hou

t hese Specﬂ@hﬁﬂﬁﬁbﬁghﬁwshﬂb@&ﬁﬁ%mkm§gﬁﬁﬁﬁﬁstM@@hﬂKﬂDﬂ@nﬂB&B&@&obﬁb@pedureS,
and conponents have not been described in detail so as not to obscure the

present i nvespidgrg to an embodiment ethelr paptrad stilsandisdedigupad e operableokd h,

i dentical reference . nunerals ipdicat h open h [e.cagnmon to
di fferent é%ﬁ%HFT n%%ygy{ggg%ﬂ Nﬁﬁ?ﬁ ?%H%gﬁﬁgaggea(Wéﬁé%ﬁﬁ&Pﬁ%%%ﬁrdée "for
exanpl e, " 'sBifigiy @g' systdraropersioantem andstyardfRofien"t hedeab 'desatibheplus
non-limting enmpbodi ments of the presently disclosed subject matter,
Ref er eri€e itheriRe BpdeiAGeOEtnD P £y embrdinegsewavelagths thgsagespongdipdiehtases”

S SIS0, ARyl AL RELATE, (SN B i
i ncl uded i whetcak eastleopihs e edimgrndad enhieonmental light reflected from objects
are transmitted along a second optical path in which. Optics is arranged along at least
one of the first and the second optical paths that can modify optical characteristics of
15  the light transmitted in one path and not interfere with the light transmitted along the
other path.
There has thus been outlined, rather broadly, the more important features of
the invention in order that the detailed description thereof that follows hereinafter
may be better understood. Additional details and advantages of the invention will be

20 set forth in the detailed description, and in part will be appreciated from the

description, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
25 practice, embodiments will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:
Fig. 1 is a schematic view of a two dimensional detection array, according to
an embodiment of the invention;
Fig. 2 shows examples of dependencies of a cutoff wavelength of a detector
30 required in order to observe an object which is warmer than the background by the

temperature DT versus the average background temperature;



8 presently disclosed subject matter. Thus the appearance of the phrase
"one case", "sone cases", "other cases" or variants thereof does not
necessariwg 20ef@si2ro the sanme enbodinment(s). It is apprecraLmd2/o3vadl certain
features of the presently disclosed subject matter, 5 which are, for
clarity, described in the context of separate enbodi nents, may al so be
provided in conbination in a single enbodinent. Conversely, various
features of the presently disclosed subject matter, which are, for brevity,
described in the context of a single enbodi nent, may al so be provided
Separately or iﬂﬁgﬁyﬂmummahhpbsubdqmn&hm&kbﬁmn(ﬁﬂﬁhedﬂ@yhnfghbwbmmging

system of the present application may be inpl enented using dedlcated
Readout |ntae€wa@% ofit lﬁeceﬁmpe(rﬁwqqlfga&w JUEEDF BF BeHS; M nerCRRHNS feens or

array SUItQthhJ&% Wil 8REREA@ks;r ange detection as discussed bel ow.
Especi al |y, such gi ng systens as di scussed bel ow may be used, for
exanpl e, for n|ghg @sbnmnaaddmnmcnmghwfmungndemanmy@ﬂnﬁmmﬂowﬁgMs:nﬂy for

15exanple, be achieved b t gt |
e W R R T N o Rt T N .

utilizes mgmgk@m@%hénk@nger than 1. 7iumwhile keeplng the detector's noise
| evel below a usability threshold, thereby achieving perfornmance better
than in prior afig.systeshematic cross-sgsipediva¢w pi agdiomgletehier incdursidquélke and
structures d 0pOos 2 a
capabllltle§ho n?§&H(?§§90ﬁa%H%l %m$%n1d§%08ti%§ﬁf Pgé% &nb&¥ﬁw£p§%d W th
hi gh |naglmgqmakﬁtﬁ@egumhundreds of video franes per second)

Accordi ng to sone enbodi nents, the detection array may npl ement as a

struct dPed P-i - Nigfpdonsshesaeisriptitch e PRegeydsvels lédq@amba Wﬁl@menteﬂxéav
phot odi OdetKAD@%,ﬁghB%%p%gh”la 2RHacal af‘e%c%fdﬁ‘a(%(tg%)em%h@n@%{ﬂ gﬂ élﬂagar Z€ro

vol t age bi as ete tion array e used to inp node
(refl ectivedttenaomal ) nlght vi sion inmaging neans in one integrated

i nstrunment node, the new night im stem of the
present appllcatFL‘%i;rlI7 %f 9&W%“§§m@ﬂ?V@W@Of%nuﬂnvﬁ%FHS?E - §E€OHEB2 9 nagi ng
nmeans whi Chy6amneeicateorahe MOMdnemperature for the detector and
effectively image objects whose absolute tenperature is 30larger than 20C,

in a sdéne with the tenperature variations as lowas 0.2C. 9 This feature
can be achieved owing to the relatively I ow noise levels in the systemwth
the noi se equivalent tenperature difference (NETD) |ess than 0. 2C.

2. A radiative node i magi ng nmeans whi ch can operate using optics (Ilens)
made DETAILED DESCRIPTION OF EMBODIMENTS

In the following detailed description, numerous specific details are set forth
in order to provide a thorough understanding of the invention. However, it will be
understood by those skilled in the art that the present invention may be practiced

20  without these specific details. In other instances, well-known methods, procedures,
and components have not been described in detail so as not to obscure the present

invention.

In the drawings and descriptions set forth, identical reference numerals
indicate those components that are common to different embodiments or

25 configurations.

" "

As used herein, the phrase "for example," "such as", "for instance" and

variants thereof describe non-limiting embodiments of the presently disclosed subject
matter. Reference in the specification to "one case", "some cases", "other cases" or
variants thereof means that a particular feature, structure or characteristic described

30 in connection with the embodiment(s) is included in at least one embodiment of the



50f commercial polyner, crown and/or flint glass. 3. A radiative node

i magi ng nmeans whi ch can see through regular glass surfaces (e.g.

Wi ndshi elwe)2012414397r adi ati ve node i magi ng whi ch wor ks atCrapmniz/esuper at ur e
and has thermal tine constant nuch shorter than 0.1 mlliseconds (ns). 105.
A conbi nation of radiative and reflective8type i magi ng neans in a single
device. 6. A conbination of radiative and®reflective type inmaging neans in
a single device in which the relative effects of radiative and of
reflective type i mages can be continuously changed. 15 Fig. 1

i | I ustrat epraesthhdivalosal vitgeet ohater.t Vousdihoeppeoaale eethegthran "ane aysel),
according to an enbodi pent of the. invention. The detection array 10 may be
i mpl ement ed>d8® ‘éasggng‘?tﬁ‘g{t‘iaé‘ﬁf of V%F“#’(S%@Frﬁpﬁaﬂ% Rt P%%f’sﬁﬁﬁmer}ﬁirltoé%s%dout

| nt egr at ed Givoaithdnt@&ROTC) 12 that are interconnected using

Fl i p- Chi p-Bonding (FCB) 20 with dedicated el ectronics (not shown). It wll
be under st ood tha 1l i i r I O, i | ary,
and ot her inpleﬁgﬁﬁggggﬁgaégg%g %gf%§W?éh%@%@%%%ﬁh%ﬁyﬁb%gf%Pe?ﬁgé%%pFig. 2,
exanpl es ofwli@pandenciaesy, dtscaibediirotht coaree! @ngpdratceguhodaderits) naaydaso b
observe an obj.ect. which is warner_ than t{he background hy the tenperature DT
versus t he PEVEY%GE HIOREHIEN MY 2 £ 085 ghEo S C SR ’ﬁﬁﬂ?uszgéé@reég;&rﬂéesponds
to a SWR tharnm diOBEINGp TEARSE tich SEIECHRPE iRl fin WRVGh&RELN i n the
range 1.7 l'am- 2.4 am Such range can, for exanple, be achieved by neans
of a vari ahkl englpeaghb@liment treay. aldoclor grovgdddo sdpassdy exxramphes suitdtde caber a
sensitivity was et to 2x10-5 Wn® irradi ance. Specifically, Fig. 2
i ndi cat es THEEW'8Tf wavel ength required for different 30average background
tenperature valuyes (15C, .20C, ..., 35C) in order to observe an object which
i s warr8r (or cérl?]ﬂeﬂli’wt ARt HRAgRE kFItThdPlbyhe pressat  applicatygic mph by t he
figure, fivyg,phLRRRY &kggGé RHRaRNANIGA [ESRABY Il RAE) CehRbircdaye! engt h
dependency OR t he backdground tenperature for different values of the

t enper at ur eonibirfiey ende aDierset weepn tuteblobfoecdWARd spdeaalb aaiegr datexdion as For

exanple at a 25C ckground,, an ohject warner by. 2C t the 5 background
e Be onBehgen PRON S oy A fpe SHERF anlisarstlpilobine ad REAdr o
| onger), buybr RREmM! Mot RexheamBbA fRAVdMBightB8meulicedfonanr! anat hagmabt er than

2.1 lam
15  example, be achieved by using a matching spectral range (e.g., lum -2.4um) sensor.

According to some embodiments, the proposed system utilizes wavelengths
longer than 1.7um while keeping the detector’s noise level below a usability

threshold, thereby achieving performance better than in prior art systems.

Especially, using the techniques and structures disclosed below, the proposed
20 system may achieve the capabilities of the prior art systems without significant

cooling and with high imaging rate (e.g. hundreds of video frames per second).

According to some embodiments, the detection array may be implement as a

structured P-i-N Super-lattice including multiple-quantum-well (MQW) photodiode

(PD) pixels in a 2D focal plane array (FPA), operating near zero voltage bias. The

25  detection array can be used to implement a dual-mode (reflective/thermal) night
vision imaging means in one integrated instrument. Due to the dual-mode, the new

night imaging system of the present application can feature as follows:

1. A radiative mode imaging means which can operate at room temperature for
the detector and effectively image objects whose absolute temperature is

30 larger than 20°C, in a scene with the temperature variations as low as 0.2°C.



Fig. 3 is a rearrangenent of the data shown in Fig. 2. Six graphs are shown
H1-H5 corresponding to the cutoff wavel ength as a function of the

t enper at Wwe 2diZdfser2ence for different val ues of the back@coanziiz/eseper at ure.
As illustrated in Fig. 10 3, a change in cut-off wavelength of 0.3 lamis
roughly equival ent of changing the tenperature difference between the

obj ect and background (i.e., tenperature differential sensitivity) by a
factor of 10. Referring to Fig. 4, a schematic view of a night vision
system 20 enpl oyi ng the two di nensional detection array 10 shown in Fig. 1
i s shown, accor dihigfehtur@anlbe ecthiodidnening ob thidelpiveselow appd levalsiinnhe
Provided in the night vision system20 is an optjcal system(e.g., a
canera), which iSHEFDARED (e eist sapiveRMalRyrage %ﬁﬁeaﬁt %%TDii%ﬂﬁéh%m (e.g.
l ens) for directjng |ight onto the detection array 10. The detection
array 10 can, for exanple, be based on a 2D FPA sensitive in a wavel ength
range whi ch i AclAigestivhenwavislagingtrheane mipech ¢ananpedate7fitimg oping (pnefmadbl y 20

| onger than 2iu even nmgre, pref erabl up.to, 2. 5[tm By way of an exanpl e,
the det@&ction a?&é?ﬂfﬁr Yo én%éﬂ?VPﬁé@bf@HV£5ﬁ? at the wavel engths in the
range of 1i un®. 4. fdjative modeAﬁﬁ%ﬁ@Q Rheadn® WRIOE @rbadi mRbES @bodidie gRELsent
application, the 2-dinmensional detection array 10 may be inpl enented using
St rai ned Super Isatfades ée.25vipdshgilds)echni ques. Referring to Figs. 1 and
5 together, a,sch i [0SS- ti.onal view of hot.odet et or j ncl uded
"n the 2 di mofiar i e R RETOE ot Wi R h TS e

enbodi ment of t hgnduods@nt midhvenitcothan AS whiwoondd (isy. 5, each phot odet ect or
50 of the detection array 10 includes a substrate InP |ayer 51 which
30suppdPts a phdt sambHateR Pfdedipdeve pt reflselivia B9eamaging peansaifed sgrle 5
p-type layer 54,411 and an absorption |ayer 53 which is sensitive to
light, and which is | ocated between the n and the p |ayers. Photons having
sui t abl e waveb.engichmaimatial 96 rdidtivenand eefRbsor bge inagere, mand imecsimelgpai rs of

el ectron-hol e. According.to, an enbodinent, the n-type layer 52 is Si-doped
| nGaAs buffer | &y¥f° &bﬁg?ﬁ‘t%lreéﬁ“ieﬁg%e%t-sﬁé%%WWH%%%%%‘%‘IWS%P@I '‘APeFS 51. The
n-type | ayer 52C5§b@agggﬁguﬁpg§@%e&ap | ayer, whereas the absorption |ayer
53 is undoped I nGaAs. According to an enbodi nent, the absorption | ayers

i ncludégs 250 pair InGAs(5 nm/GAsSb(5 nm nmulti quantumwel |l structures.
The buffer layer, the absorption |layer and the cap |ayer can, for exanple,

be 10 grown OnAth% %HR&%&% & seergid Qe@%fracﬁzd@hﬁe%ﬁ'oﬂél &?&%ﬁ%&gﬁh ( MBE)

met hod. oped region 57, formng a p-n junction, can be forned

in p-type laegeding4toi an cortodotenti ¢fhthehmvaitsor ptheodeteatyer a8y dY trhe el ecti ve
thermal diffusion of zinc. SiN and.Si aﬁ Si%%%gc e seg %or
passi vat | o MBRGIER &5 ar FEERNINT PeapEeet Jory: A REvoll ot BFEEU nel udes
p- el ect r odegecSat@NGrddi@RENS Y@t 2R ihREWRHdU ﬁ&@ BGA-ChipBYhdiRg (EB)
substrate InP layer 51 and the Zn doped region 57 in the absorption |ayer
53, regpectwithedodicamdadectiontys (artahowvie It wetidwdinderstoodttha the ingplementaicer ode can
al so be forpge .neans .of etching through, the top | ayers 5 54 and
For mi ng. an TR LD ERAdt STl o bRy s SRR o Cimpllea. S
conduct | ve, The 3308 i %8 LarSheS3 (@3RubELIes 20800 Re bl

required in order to observe an object which is warmer than the background by the

temperature DT versus the average background temperature is shown. Fig. 2

25 corresponds to a SWIR thermal imaging means with a selectable cut-off wavelength
in the range 1.7 pm — 2.4 um. Such range can, for example, be achieved by means of
a variable spectral filter. According to these examples, the camera sensitivity was set

to 2x10 W/m? irradiance.

Specifically, Fig. 2 indicates the cutoff wavelength required for different
30  average background temperature values (15°C, 20°C, ..., 35°C) in order to observe

an object which is warmer (or colder) than the background by 1°C, 2°C, ..., 20°C. In



20 in the detection array 10 maintains high responsivity (AW and | ow dark
current. It should be noted that the SLS absorption |ayer enable limting

t he possiwpI20ty148427el ectrons to acquire Eg/ 2 energy (or PeBAE)0O1Z0146W t chi ng
to conductivity (limting possibly elimnating the Auger Reconbi nation
mechanism. It is further noted that the %LS absorption | ayer also increase
the effectively felt mass of the el ectron? 25 (conparing to other solutions
such as those di scussed above), thus reducing the dark current.

Because of the relatively |ow dark currents that may be achi eved accordi ng
t o the pr oples&duiempive neaihat (162 wenshownr edredspareling o e tenfiewatelnggh, t he
detection array 10 does not require significant cooling.. Accordingly, the
optical sy$FBRHdesty Pt ‘eﬁcial)oue iz AR RoY A o B8 SPPAGARHD- uni t
(not i I'l ustg@tedhe i PheGReh R et LGRBE bhhSrfiglect ion array 10. If the

optical system 20 does include a cooling sub-system it may 12 be adapted

to cool the det gt i, Abla, 104N, RARTHA! Yo OUNEL SHMONSNDS Qo R SyStem

20) to a tenperature I gher an and possi bl y even hi gher
(e.g. gseathackdgrirarn RADKbe obscewelbygr embees withahe 286f)wavelength of BilgumGor

illustrat haracteristic SLS .gy | evel s which i, mpl ted 5
For the. SL&EEG0PHITbi e riias TEYITEHS ClbpiT WBEbRa g ale: A g ment of
the invention. ~According to an enbodi nent of the invention, optical
system may i ncl Jd& 3 or sarrpRgeacab pbi dsfp ghovayig Kigo2 fixrgrgphs Bye shovy |t wo
640x512 pi xel §<d ' t i, ol . g.
R T B L S R e

2" dianeter wa avil g pi xel si zes a waf er
i ncl udi ng difcreticenfor diftteéreclaluen oftheaymk Jdundraympeatare @sulltistofiedginoiigng of

thin layers (Epitaxy) on_an initial substrate of InP, or on_a equival ent
subst r dPe. 3 fltcg‘?n%%é‘ GO wavedenethaf %}é%,s ropedlp poEraentf ghaaeige dg i cal

connect i on (fRYe G d&fifrA eI HRET &L e theUsh L Sin?n@?&%r@%ﬁ Rroc Qérﬁ;éergt-uge , Lo

the result as illustrated in Figs. 1 and 51 houl d be under st ood t hat
t he opti caldiffietwct sonitsyty) bym (&Coriaf 1Bi g. 4) can be packaged in a neta

seal ed package, possibly having an inert atnosphere therein (e.g. argon gas
or air/dry nitr®pénjing acBiy. di Agchcmatia vasvd ot migit vixiod hgtdnn 2@ Binploying
Turning back to Figs..1 and 5, show detection array 10 and. the optical
system 20 d¥nByariensional detemion sy Hhshawyotighiet hes speveaicceigifsowett s can

reach vge 20 .ahaok ?F'Eheb_?riéflﬁlhh %?plﬁﬁti&ﬁ@?oﬂﬁéﬁ ﬁ’idtihé’%ﬁghﬁ RisksH %ysieﬁ{ o eat he 1 nP

substrate layer 51 (bac nation), and an | photo current Is created
t her ei n as oaticadsybtemofe.g..he cabs@y,bivimgh dafclodes thhdteogon Tingy thrareineptichbws

t hrough the Fli i p, Bonded (FECB). connection to an electrical amplifier
inplenentedyvﬁnﬁﬁggﬁeﬁaéﬂ?r&W?@ngﬁﬁﬁnﬁ?ﬁ@dﬁ‘”??&f%ﬁyi mponent, and char ges
a capacitor Cf ggaving‘a characteristic capacity, eﬁgﬁj 25 of 10fF) during
a given time (e.lde detertian prapohsyan, feiexampleghe baietl @ared’ FRAKBSIEYHHE t or
changes th Syt ' f (4o ). This
vol t age chgﬁﬁgk%%?qgg%%Qgﬁ§g@gmﬁgQ?ggﬁa?ggﬁéﬁﬁ&?igmgHé&?@z%?l%ﬁghﬁgiection
array 20 (powmsi thap Joncevenembteyprefarablyruip il Sxed Byawdy tofi @nefxaopld, tthe s

I':: 22,[3 fegr ' e%ﬁ%egti(gnhgrray 16: m%?tb%l’ls%ﬁsitlizxteot%] lggrllllt %1‘[ ﬁlle%]aa\'flelength\s/ Iir(lj ﬁl% r%}lgengi‘l 1;,Lnn1%—y be

2.4pm.
According to some embodiments of the present application, the
2-dimensional detection array 10 may be implemented using Strained Super Lattice

25 (SLS) techniques.

Referring to Figs. 1 and 5 together, a schematic cross-sectional view of a
photodetector 50 included in the 2-dimensional detection array 10 is shown,
according to one embodiment of the present invention. As shown in Fig. 5, each
photodetector 50 of the detection array 10 includes a substrate InP layer 51 which

30 supports a photodiode structure that includes an n-type layer 52, a p-type layer 54,



According to an enbodi nent, the SLS absorption |ayer 53, may, for exanple,
be fabricated as a type-2 super lattice |ayer (5L2). The fabrication of the
detecti orwaromyl4for at | east part of it) may include falpcrantoiwosooft waf er
of the 5L2 epitaxial grown |ayers (FPA), e.g. according to table 1, that
il lustrates one non-limting 5Sexanple of the |layout of the photodetector of
the present application. Table 1 Purpose Yhi ckness (nm Material Type
Dopi ng density (cm3) Contact 20 Ino 53Ga0 47As 11+ 1019 C adding 500 Ino
53CGao 47As

and an absorption layer 53 which is sensitive to light, and which is located between

the n and the p layers. Photons having suitable wavelength are absorbed in the
absorber layer, and become pairs of electron-hole. According to an embodiment, the
n-type layer 52 is Si-doped InGaAs buffer layer deposited on the S-doped InP
5 substrate layer 51. The n-type layer 52 is undoped InGaAs cap layer, whereas the
absorption layer 53 is undoped InGaAs. According to an embodiment, the absorption
layers includes 250 pair InGaAs(S5 nm)/GaAsSb(5 nm) multi quantum well

structures.

The buffer layer, the absorption layer and the cap layer can, for example, be

10  grown on the substrate by solid source molecular beam epitaxy (MBE) method.
A 7Zn doped region 57, forming a p-n junction, can be formed in p-type layer
54 in contact with the absorption layer 53 by the selective thermal diffusion of zinc.
SiN and SiON (or SiOx) can be used for passivation and anti-reflection, respectively.
The photodiode also includes p-electrodes 55 and n-electrodes 56 formed in contact
15  with the substrate InP layer 51 and the Zn doped region 57 in the absorption layer 53,
respectively. According to another embodiment, the n-type electrode can also be
formed by means of etching through the top layers 52, 53, 54 and forming an ohmic

contact at the buffer layer which, in this case, is conductive.

The SLS absorption layer 53 (also termed absorber) of the photodetector 50

20 in the detection array 10 maintains high responsivity (A/W) and low dark current. It
should be noted that the SLS absorption layer enable limiting the possibility of
electrons to acquire Eg/2 energy (or more) and switching to conductivity (limiting
possibly eliminating the Auger Recombination mechanism). It is further noted that

the SLS absorption layer also increase the effectively felt mass of the electron

25  (comparing to other solutions such as those discussed above), thus reducing the dark

current.

Because of the relatively low dark currents that may be achieved according to

the proposed implementation even in relatively high temperatures, the detection array

10 does not require significant cooling. Accordingly, the optical system (20 in Fig. 4)

30 may or may not include a cooling sub-unit (not illustrated) for cooling at least the

detection array 10. If the optical system 20 does include a cooling sub-system, it may



11+ 2x1018 45 Ino 53Ga0 47As i - Absorber 1500 5mm I no 53Ga0 47AS/ 5mm
GaAso siSho 40 i - 50 Ino 53Ga0 47As
WO 2012/143927 PCT/IL2012/050141
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be adapted to cool the detector array 10 (and possibly other components of the
system 20) to a temperature that is higher than 250K, and possibly even higher (e.g.
greater than 270K, or even greater than 280K).

Fig. 6 illustrates characteristic SLS energy levels which may be implemented
5 for the SLS absorption layer (53 in Fig. 5), according to an embodiment of the

invention.

According to an embodiment of the invention, optical system may include
two or more detection arrays (10 in Fig. 1), e.g., two 640x512 pixels detection arrays
that may be implemented on a wafer (e.g. a 2”° diameter wafer), having pixel sizes of

10 e.g. (25um). Such a wafer, including one or more detection arrays 10, may be a
result of growing of thin layers (Epitaxy) on an initial substrate of InP, or on a
equivalent substrate. After the growing of the layers, the pixels and the electrical
connection may be defined/generated using standard FAB process, e.g., to the result

as illustrated in Figs. 1 and 5.

15 It should be understood that the optical detection system (20 in Fig. 4) can be
packaged in a metal sealed package, possibly having an inert atmosphere therein (e.g.

argon gas or air/dry nitrogen), according to an embodiment of the invention.

Turning back to Figs. 1 and 5, showing detection array 10 and the optical

system 20 generally, the light passing through the optical components can reach the

20 absorber layer 53 of each photodiode (pixel) through the InP substrate layer 51
(back-illumination), and an I, photo current is created therein as a result of the
absorbing of the photons. The current flows through the Flip Chip Bonded {FCB)
connection to an electrical amplifier implemented in the Readout Integrated Circuit
(ROIC) component, and charges a capacitor C; (having a characteristic capacity, e.g.,

25 of 10fF) during a given time (e.g., tin=10mS). The charge collected in the capacitor
changes the voltage across the capacitor at a rate of I, X (tin/Cy). This voltage change

for each pixels is read for all the pixels of the detection array 10 (possibly
concurrently), is multiplexed, and therefrom it is transferred to the ROIC output.

From this signal, a video signal may be created.



I - Grading 50 InAlGaAs (leV) i - Charge sheet 110 Ino 52A10 48As p 3x1017
Mul tiplication 1000 Ino 52Al 0 48As i - C adding

WO 2012/143927 PCT/IL2012/050141
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According to an embodiment, the SLS absorption layer 53, may, for example,

be fabricated as a type-2 super lattice layer (SI.2). The fabrication of the detection

array (or at least part of it) may include fabrication of wafer of the SL.2 epitaxial

grown layers (FPA), e.g. according to table 1, that illustrates one non-limiting

example of the layout of the photodetector of the present application.

Table 1
Purpose Thickness Material Type Doping
(nm) density (cm'3 )
Contact 20 Ing 53Gag 47As p" 107
Cladding 500 Ing s3Gag.47As ' 2x10"
45 Ing s3Gag 47As 1 -
Absorber 1500 Smm 1 -
Ing 53Gag 47A s/
Smm
GaAso.s15bo.40
50 Ing 53Gag 47As i -
Grading 50 InAlGaAs (1eV) 1 -
Charge sheet 110 Ing s Alp 45As p 3x10"
Multiplication 1000 Ings.Alp4gAs 1 -
Cladding 500 Ings3Alg47As n* 2x10"
Substrate - InP n* -

According to the example shown in Table 1, the superlattice contains three

superlattice layers grown on the InP substrate layer (SL1: 500 periods of

Ing s3Alp47As forming the cladding, 1500 periods of Ings:Alp4gsAs forming the

multiplication, 110 periods of Ing spAly4sAs forming the charging sheet, 50 periods
of InAlGaAs forming the grading; SI.2: 50 periods of Ings3;Gags7As and 1500

periods of Smm Ing s3Gag47As/Smm GaAspsiSboso forming the absorber; SL3: 45

periods of Ings3Gap47As and 500 periods of Ings3Gaga7As forming the cladding

and 20 periods of Ings3Gag 47As forming the contact.




500 Ino 53A10 47As n+ 2x1018 Substrate - InP n+ - According to the
exanpl e shown in Table 1, the superlattice contains three superlattice

| ayers grworzoi4sdre | nP substrate |layer (SL1: 500 peri o@sTof20i205058A10 47As
form ng the cladding, 1500 periods of Ino 52A10 48As form ng the

mul tiplication, 110 periods of Ino 52A10 48As form ng the chargi ng sheet,

50 periods of InAl GaAs form ng the gradi rilgjL 5L2: 50 periods of Ino 53Gao
47As and 1500 periods of 5mmlIno 53Gao 47As/5mm GaAso 5i Sbo 40 form ng the
absorber; 5L3: 45 15 periods of Ino 53Gao 47As and 500 periods of Ino 53Gao
47As form ng t he\aebaiiic toginamebodingre rof dasinedntionowhdChe dévids if @rematadad he

cont act . According to an enbo i hvention, when the

device is &pg#\ét &Y Rwtogdioflyy” phasnthes - i gdnﬁn?% Pé‘?‘ﬂ‘t FARPADAGAPSndbe DI ode

(APD) Det eqii@fiphicdi{df 1%& hia?'bb?@édc@&‘td 1@é’sechaﬂ”f?()t)n'ﬁ?lnftﬁfékﬁ€s‘§ to l'ess than 100nm
i n thickness. ding to an enbodi nent of the invention, the

i sol ated pi xel s Amgyrdoeg & ﬁmrenmdblyemreérthe afiveliion otﬂneumihtaﬁtmmls)maynba) a
dept h of 2100n t hr ou 11, imwd houl

nored ¢t TEEHGr Moot e B aRg melhBugh 2y’ T uhohasonmyhisteh foPattene ed
for the red,mht@ Q@mq,tqdqlark current. Such nethods may include, for exanple,
W Structured Super-Lattice, that may include Introduction of a four 10
constituent | nAdY ekpulshe Inm@/ thrianeBbly" different u@thﬂdédméugéwmqua@ iayebq WBL)

absorber r el%' ﬁame‘ﬁt}a%t ffnﬁ r8 i en ctlgﬂaosfl Hcltrﬂo urrerrpt3 n§uc?1n etho%g] Sl’{’lé ! eI?Ch%CL é%%at es for

both carrie ances t sorption turn on near nd
edge. example W-Structured Super-Lattice, that may include Introduction of a four

10  constituent InAs/GalnSb/InAs/AlGalnSb  “W”-structured super-lattice (WSL)
absorber region that provides quasi-two dimensional densities of states for both
carrier types. This enhances the absorption turn on near the band edge.

According to an embodiment of the invention, generating of the detection
array 10 may include grading of the band gap in the depletion region. The primary

15 effect of the grading is to suppress tunneling and generation-recombination (G-R)
currents in the depletion region at low temperatures. Since both these processes
depend exponentially on band gap, a wide gap material may be substituted into most
of the depletion region.

Referring to Figs. 7A and 7B, schematic views of a night vision system 70

20  are shown, according to two embodiments of the invention. The night vision system
70 includes an optical system 71 for collecting light and focusing collected light onto
a photodetector 72 associated with a dedicated electronics 73.

According to one embodiment, the photodetector 72 is an extended SWIR
sensor has a p-i-n structure with a super lattice having layout as described and shown

25  abovein Fig. 5.

According to another embodiment, the photodetector 72 is an extended SWIR
sensor has a p-i-n structure with a super lattice having layout as described above and
shown in table 1.

The photodetector 72 has a cut-off wavelength of about 2.4-2.5 microns

30  under near room temperature conditions. Accordingly, the night vision system 70 is
therefore capable of detecting light reflected from and emitted by an object being

imaged.



According to an enbodi nent of the invention, generating of the detection
array 10 may include grading of the band gap in the depletion region. The
pri mary NMOoebf2xas920f the grading is to suppress tunneli RGTANZN12/050141
generation-reconbination (GR) currents in the depletion region at |ow
tenperatures. Since both these pr ocessesr#)epend exponentially on band gap,
a wde gap material may be substituted into nost of the depletion region.
Referring to Figs. 7A and 7B, schematic views of a night vision system 70
20 are shown, according to two enbodi nents of the invention. The night

vi sion system 7(IDu'ertoIth@lempmyn(goﬂlieq@buﬁy&tmm721thfeoromedbvc&cﬁfit}ng systeghtis and
focusing collected Iight onto a phot odet.ect or ocjated with a

dedi cat od PEERPEH 58 2y gie sysiem cdn DB g the tﬁ Joespiticd jirom

phot odet ectyqr $ci ﬁelﬁ? 1%%@%@1115%5\&%@&%%& h@l?geaop'tﬁe Heé&é WCLHEEL t h a
super lattice having Tayout as described and shown above in Fig

Accor di ng tabseanotheany érghbdiflvenens. Aveondimgt t@d@t:mhmlrﬁ@m shan ue>lihgndéd SWR

Gesar! bad ARGVE AR SERb RO Bt 0 SR AR TP o Rt o

wavel engt h path @bieiH: ploffhedliy 1 GE Ql@ﬁ:ct%@ n@dws JABRE thOSMILoRMRiOh ah Wifich
condi tions. Accordl ngly, the ni ght vision system 70 is therefore capabl e of

det ecting Itlilegmectrr@lffllér@sﬂéds frgacd ngsieenn pethelptiod sasip@c'ﬂ b\éxerﬁ'gs Figgdd. 15
Due to the t th n0| stemis
| ow enough, E(g‘?f glé tﬁﬁéurg% nellr?ln ‘gﬁai%ﬁgi (%(I:’;[rsai% Hlt\‘?e?‘% a%g%{é?%ﬁ rea&lo?? ﬂ?%/on
emtted fromitheyahphddt being i maged W thin the vvavel ength range of the

devi ce even in the absence of any O% reflections. Accordi ng to the
embodi fnts shovMCATRY, anzem @1@% Bhe preserfjagplicalips, B spSraRERI74 nel udes

a spectral | Séﬁregaﬁ%ddo&ﬁ?ﬁe kg é}é‘ct&%} fiddr. &ﬁ‘f}\% C{')]f Wa8ltn péﬁg QH&%tth{HtJet o_the

det ector. econ Iguration in the s tral
i s arrangedboyst8epam dmidres) ofhticbgl camy stimhel syswher qestiongiromB "sbetlys t he

configuration i.n which the s ral. filter 4i arra ownstre mof t he
optical sy<gifion. me %E)C%F%Fpﬁ‘ﬁ ‘ﬁoregﬁ“ Eﬁ%’é ofnoflﬁgﬁiﬁ@g@ OndBB G cation,
the spect r%'tﬂ&és' theMNight chBu&OD a%‘a[t@tql %f‘@n&lpcﬁ{n?é?ﬂtaﬁ sbﬁrcéeslu@Htak VB Yndoh! ter out
| i ght of wavel ength shorter than about 1.8 p.m (nicrons) thereby can shift

t he syst‘p'emsmpl&mt aoglofr omzodmsall {ightept @mhletm artibdiel {o2a udvmbiliphtl and

eri tted by TR ATRO il dhtest Lt R R ki fdn gt

starlight, nahd,0heWheimaA Qei aeliathicPhinodé ANbEeobtiai tradibdeabmit@dIby Widan)
light, and reflected off the surface of the i mged objects and their

backgr ound imagedt thaccit themsdsercindiabie antidedrby thedrckgragndarpyrd the phigetsut i | i zes
optical radianc erélg Tp&ét?ag fﬁ\éew €.ah %%%gdl%?é g G%rsaflﬁi]e %f SJF%‘ %ﬁ&tﬁ ?]%tele mtted

by t he backgroun oun obj ect e spéctral can made as
a "gradual '(SUF) ylﬁ:lhl tadl the sq)aﬁtercmlntrfbdubﬂrof "R0et&YVb)" aidc fen’ntnat by'hediaetat i ve
contribution of "reflected of" and "emtted by" radi ance fromthe i maged
obj ect can 'BE dhiPaileelic nanelsy carrdlngrerdy diPwingileasr dAdistiamelged

obj ect sur ﬁﬁgeda%febtb%&a%e ﬁH%t&s &? ab &P gﬂ} ?z{tﬁ eIl lifs Srefieki| \fﬁg/t byity or

em ssivity. I n operati on, e spectr 74 sets the long
wavel engt h eougsiafyt of the 25 i mager and hence its imaging node (thermal,
reflective and ?n Co%ggl‘ugr? : ‘Ehgnspgcf:tratl q?leltetrv)ﬁ) sets the long wavelength cut-off of the
25  imager, and hence its imaging mode (thermal, reflective and a combination of the
two).
According to some embodiments, the filter can be implemented with glass-
type materials (e.g. Crown glass, Flint glass and/or other types of glasses) that are
only transparent up to a wavelength of 2.7 um or less.
30 According to some embodiments, the filter can be thermally active with the

emissivity € which may be significantly higher than what is allowed in thermal

imaging systems (e.g. € ~ 0.1 and more), as long as the filter temperature is less than



According to sone enbodi nents, the filter can be inplenented with

gl ass-type materials (e.g. Crown glass, Flint glass and/or other types of
gl asses) whabi2ars92only transparent up to a wavel engt h ofPCZ/IiZ20p2/050041 | ess.
30According to sonme enbodi nents, the filter can be thermally active with
the em ssivity 8 which may be significant]y higher than what is allowed in
thermal imging systens (e.g. 8 0.1 and rﬁ?re), as long as the filter
tenperature is less than 16 40C. This feature is especially inportant in
order to allow a user to hold it with bare hands). The thermal em ssion of
the filter 40PCITi8¢ fdalurbée aspglialty indperamdnwirddr toeliovakfueattothokl perthdanance of
t he i mager. he cut -off vel ength _cap be sel ected ejther nual |y
or by  meand B 2T beHE A S by B dEAPaRG AT RERGAGIr < Wl PECFon of
the filter ﬁé}f&ﬁﬁ%%ftﬁ@irﬁ%%r.opti cs. The spectral variable filter
(SVF) can be 1nplenented as tollows: 1. Linear Variable Filter (LVF)

a. The stack of Thhigqutoifl wevaMrigthh chio bm selveted paibitr alanfiallyt er by snepnaddad | y
10changi.ng al on | i near ,di mensj on.of the filter. such that the |aon

waver engt b ispadst ssORD Feerh bt ebhs o et wdf apitas i, o
The | ong wapgtengt h cut-off should change at least in the range of 1700nm
to 2500nm An exanple of a simlar filter, inplemented by Reynard Corp.
(USA) is LVF P/ Nhrop@tel poiablslter b VEutay bevawlamdndedris foBew§:CVF) a. Sane as

LVF, but with,the | wavel.en ut-off changing along the perineter of a
circle shape %'i :ﬁtlréera?@%pg@%%él%ég‘%?gfof a simlar filter is described in the

fol |l owi ng publ i cataonTitgdk dfShinnitmk pOEL 6 ey §ebralilict & @addatiet y: S. P.
Nor 020\/1%, P A changing along a linear dimension of the filter such that the long
wavelength cut-off of the filter changes along this linear dimension.
b. The long wavelength cut-off should change at least in the range of
1700nm to 2500nm. An example of a similar filter, implemented by
Reynard Corp. (USA) is LVF P/N R04610-00.

15 2. Circular Variable Filter (CVF)

a. Same as LVF, but with the long wavelength cut-off changing along
the perimeter of a circle shape filter.

b. An example of a similar filter is described in the following publication
which is incorporated herein in its entirety: S. P. Morozova, P. A.

20 Morozov, V. L. Sapritsky, B. E. Lisiansky, and N. L. Dovgilov ,
“VNIIOFI Spectroradiometer Based on a Circular Variable Filter for
the Spectral Range from 2.5 um up to 14 um”, AIP Conf. Proc. --
September 29, 2003 -- Volume 684, pp. 595-600 TEMPERATURE:
Its Measurement and Control in Science and Industry; Volume VII;

25 Eighth Temperature Symposium; , 29 September 2003

3. Circular and/or Linear Step-Variable Filter
a. Same as LVF or CVF, but with the change in long wavelength cutoff
implemented in discrete steps along the linear-dimension (as in LLVF)
or the perimeter of a circle (as in CVF).

30 b. An example of a similar filter, built by Reynard Corp. is their P/N
R0O0160-30 with 11 discrete steps along a linear dimension, or P/N
R02835-00 with 11 discrete steps along an angular dimension



20Morozov, V. 1. Sapritsky, B. E. Lisiansky, and N. L. Dovgilov, , "VN I COFI
Spectroradi oneter Based on a Crcular Variable Filter for the Spectral
Range frowo20®/i4a9mup to 14 lanm', AP Conf. Proc. -- SepCembmn2/2®1412003 - -
Vol ume 684, pp. 595-600 TEMPERATURE: Its Measurenent and Control in Science
and I ndustry; Volume VII; 25Eighth Terrpe;@t ure Synposium , 29 Septenber
2003 3. CGircular and/or Linear Step-Variable Filter a. Sanme as LVF or CVF,
but with the change in |ong wavel ength cutoff inplenented in discrete steps
along the linear-dinension (as in LVF) or the perineter of a circle (as in
CVF). 30b. An edawopéretiad, the sptinal systdnn 71 dormsban intaghyof Reyiawdd Gaagery as t hei r
P/ N R0O0160-30 with 11 discrete steps ong a linear dinensjon, or P/N
R02835- 00 Wit HAPla sr 8t Pz‘f’@ﬂgteé%n@-aﬁc‘é‘ﬁ@@lgafo dimsAEPgHmen 7ol the |

operati on, E)Pl‘?caﬁgﬁ,i QR ogﬁﬁlems?elnfﬂf MBclddles! BRIGrOmokd18etdc VRt | HBER] Y at
the faceplate of the photodetector 72. According to an enbodi nent of the

appl i cat i onpptehengptwitha klasystpematdridln datdesordy éraospanot @pltensesvelangth shown)
i npl enent ed with gl ass- e, materigls tha r nl.y tran rent up to a
wavel engt h o 88 & BETsHRPIE ST He Sidre Shisp s B Kush SUTER Bl ¥ Pat ° Re

| enses i ncliwged PUBKET 81a8QtFilt Nildsesh LRl oKy oBls@$ppes Flyentin@thasa@sorand ot her
gl ass types. Yet another inportant aspect ofg this design is that the

optical syssrast ?h thisdesign ishdahie|gptigdtsyslem W can he tharingdy witiye, whthcan may be
significantly hi.gher. than th 1 SSi Vit h is allo in.thermal imaging
SyStem. (oo Shich Wil b BPCAR bipker B3) °p Bl BT el MIFE R S8

| ess than 4&%@%@@@ @sf&wlﬁel’ge,% a0y h@w rhévrePhsiRingta@ td Fin¥y @mipsRkurt & hol d it
wi th bare hands). The thermal em ssion of the lens will still be negligible
and wi 110 ndess dhdredd G (Whisbris geqraigd einghow e opdeglie allpwionsesygtheld Zovith

Accor di ng an iment of the pr application, .t.he optical system
O 1 bR AR TR e PO e Nbo B MR s et bhs PR MAE RaBY 51 o6

by a ther maffectlthe p@OsrBRANESOM thahpMi Vikied,syaad 78. second optical path through
whi ch a second wavel ength environnental light ref]lected fromaobjects is

transnitted. The\spidingio &y smbpdisipyl 61 sha pEseb ePRLGHHABI W el 1Yot ed i n
pans. : . ; o
the Tirst %Qgia?ﬁ&%@ﬂcﬁg)%g#%%%gﬂﬁ@%ﬂﬁpét %%ﬁﬁgtgqgm g%lgﬁa%ﬁféf W @mipdl Ty

optical characteristic t transmtt irst and
second 1pat Besurseldhtrifsatittddy@and aghtondrapisali patte throdphowhyibh tahvecdndrsivepaieth do not

20 interfere with light transm.tted.through the second paths. This can, for
exanpl e, b@n%%mtalgﬁéareﬁgﬁﬁ%&ﬁgl ects it f»lav@dnfl?erwlcalrsysg?%e%e& r al

beam spl i ttggr coMMp6RiRE GerROfoRaBY 3h | RD!Bs18HdC QPR Ghatal GRMROARBLiRe the The
electronics 73 is configured to perform anong others, the follow ng

functi ons: opBdal spstpini tbymodiéy sptgrabkhdradienistigs lof thexleght dfansinate8hiRugketisor . 2.

Ml tiplex the Shanals FLRMEH ofl 1R Rl SR R T e ASE aROPer 1O

20 interfere with light transmitted through the second paths. This can, for example, be
accomplished by means of a dichroic mirror or by a spectral beam splitter, which are
both available as commercial components.

The electronics 73 is configured to perform, among others, the following
functions:

25 1. Amplify the signal from each pixel of the SWIR sensor.

2. Multiplex the signals from all pixels and read them in a raster manner to form
a video signal.
3. Form a video signal which can be read by computer, TV-monitor or any other

type of display, or stored in a computer digital media.

30 In clear sky moonless nights, the natural ambient light illumination in the

0.951um—1.7um band (SWIR-1) is in the range of 30+7nW/cm®. It is believed that at



3. Forma video signal which can be read by conputer, TV-nonitor or any

ot her type of display, or stored in a conputer digital nmedia. 18 30nWcn2,
t he syst ewpab1tago2pr esent application with a dark curremrCTat.202mégoeHL,
251[tm si ze pixels and 1A/ Wresponsivity (at 1. 6um wavel ength) is capable

of providing enough contrast for night vigjon. In the thermal
(radi ative node) it has been established ¥hat an NETD of about 5 0.2K can
be sufficient for acceptable view ng conditions. It was found by the

i nventors that for the system of the present application operating at the
0. 96- 2. 4i uB0bWHen®, 26é lsyrstﬁquﬂrthe piresehtSapplicdtAnVWith er azgle dUﬁSpIOGEQNA}tCm 20C
sensor te erature 40nA/ cn® dar k curren the NETD neets t

r equi r enent’s IABoYES PaiFeP fiBd W rBaRtVEE (Fle hiumataydengt) e ler%ge of
0C to 10 +40Gidine enouglhtcoﬁagg@(l)ﬂlggﬁdm%(nthe inventors that 40nA/cn (and
even 80nA/cnR at "higher BB tenperature) is an appropriate dark current

sel ection. |f 2inleriewolddievposdehl bashieeh estaldshead thatraig Nhd Thelaabopt t he
reflective Led and co-operate with the

t her mal >( ré)drq?gf‘flstée) ”Efﬁ‘ﬂ‘érg[ f%ac%l?:tsb}lsvt‘:e%gg Cor%gl%’éckgr ound linited infrared
performance ( BLIIP}apesinartypimeanviotbrs it dppiRaghReh of the preddhi hgpieatfidi n
features of the invention have been illustrated and descri bed herein, nmany
nmodi fi cat i oneratisg bisthe M- bAM handndfesn seree @efaliwhﬂéthaVﬂxaLgﬁ reRpANOEBUr t 0

t hose of or r Ki n.the art erefore under st ood t hat
the_appenaec L atsion et rbAGLRN: 3obhisk s °Lielnts: Rl 1R ThE
changes as réqlileniohtshibové, hdd 20t bakesqindi BB aédmpdiguiddvient inange of 0°C to wi I 1 be
appreci ated that the enbodi nents descri bed above are cited by way of

exanpl 89 antdOVari ous features thereof and conbinations of these features
can be varied a LEd I gz@,gn e and
described, it V\AIi sr%ggéf@gyu %“Pﬁ%g%‘g tfldfﬂ(guat t erealﬂgré?]%n ?ﬁ%’zg/ﬁf[ﬁ %thgﬂgf’m

i nvention BB sa:mperailiusajl iosar epprbpitiate atadercprrent sededtion effd@nA o’ coveld i |

nodi fications. ternate constructlonsfalllng hin the scope of the
i nventi on, P48 8fVY1ﬁbHJCF‘r?nt1H@gH‘§dBﬁad’éd the rgflefiive nggdg V\Ck@“ssed above ghallpbgy; gt
vi si on Syskﬁ%lé&ranﬂn@&bﬁ&a@nw%l ffel theb gl %ﬂéﬁiaﬁ%)b%idalg RNfucAYE &dsd Qr

oper ati ng at or near roomtenperature and he wavel engt h regl on
15 background limited infrared performance (BLIP) performance will be approached.

While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes, and equivalents will now occur
to those of ordinary skill in the art. It is, therefore, to be understood that the appended
claims are intended to cover all such modifications and changes as fall within the

20  true spirit of the invention.

It will be appreciated that the embodiments described above are cited by way
of example, and various features thereof and combinations of these features can be

varied and modified.

While various embodiments have been shown and described, it will be
25  understood that there is no intent to limit the invention by such disclosure, but rather,
it is intended to cover all modifications and alternate constructions falling within the

scope of the invention, as defined in the appended claims.



5up to 2.5 mcrons, the system conpri sing: a phot odetector having a
cut-of f wavelength of 2.5 m crons under said roomtenperature; an opti cal
syst em cowmbi2gura2for coll ecting |ight and focusi ng t hePcoliLmar/esdidi ght
onto the photodetector; and 10a spectral filter | ocated in an optical path
of light propagating toward the photodetegtor, said spectral filter
configured and operable to sel ectively filter out I i ght of wavel ength
shorter than a predeterm ned val ue, thereby gradually shifting operation of
the night vision systemfromnostly reflection node to a conbi ned
reflection and thermal node to allow the night vision systemto detect
15light reflected fromand emtted by the object being inmaged. 2. The
ni ght vision systemof claim1l, wherein the photodetector is an extended
SWR sensor having a p-i-n structure. 3. The night vision system of
claim1l, mQﬁégi t he photodetector is a detection array conprising a doped
| NP substra I\g§er and a photodi ode structure 20 supported by the
substrate InP | ayer, said photodi ode structure conprising an n-type |ayer,

a p-type layer, land dn mﬁﬁommowsm?/efpr bmagglgs@mscibneionetheoswegmbel%d

| ocat ed bet e%ur&?ﬁ or OrPe{a né 3]% oP negyr%oé tem eratu € anéﬂﬁé elengl%h an SrySt em of

claim 3, mher ayer

deposi t ed Q@t@Q5Ihnﬁxgy@@&ya@ﬁCbﬁmﬁmngmhere|n the n- type 25 Iayer i's
undoped I nGaAs cap | ayer; and wherein the absorptlon | ayer i s undoped
| nGaAs. 20 a ph@to IEloRNGHNS i Si-6H wieieagfhop! &6 ANKTODS AT EIchIooRE
absorption Ia¥§£(3%§ a Strained Super Lattice (SLS) |ayer including 250
pair I nGaAs(5 nn?f Sb(5 nm nulti quantumwel |l structures.

an optical system configured for collecting light and focusing the collected

light onto the photodetector; and

10 a spectral filter located in an optical path of light propagating toward the
photodetector, said spectral filter configured and operable to selectively filter out
light of wavelength shorter than a predetermined value, thereby gradually
shifting operation of the night vision system from mostly reflection mode to a
combined reflection and thermal mode to allow the night vision system to detect

15 light reflected from and emitted by the object being imaged.

2. The night vision system of claim 1, wherein the photodetector is an

extended SWIR sensor having a p-i-n structure.

3. The night vision system of claim 1, wherein the photodetector is a

detection array comprising a doped InP substrate layer and a photodiode structure

20  supported by the substrate InP layer, said photodiode structure comprising an n-type
layer, a p-type layer, and an absorption layer being sensitive to light, and located

between the n and the p layers.

4. The night vision system of claim 3, wherein the n-type layer is Si-
doped InGaAs buffer layer deposited on the InP substrate layer; wherein the n-type
25 layer is undoped InGaAs cap layer; and wherein the absorption layer is undoped

InGaAs.



6. The night vision systemof claim3, wherein the absorption |layers is a
5 Strained Super Lattice (SLS) |ayer including three superlattice |ayers
SL1, 5L2 wodoBl@3grown on the I nP substrate |ayer, wher @Cm/ILiva2/@0141
superlattice layer includes: 500 periods of Ino 53A10 47As form ng the

cl addi ng, 1500 periods of Ino 52A10 48As form ng the nultiplication, 110
periods of Ino 52A10 48As form ng the chdrgi ng sheet, 50 periods of

| NAl GaAs formng the grading; the 5L2 superlattice |layer includes: 50
periods of Ino 53Gao 47As and 1500 periods of 5nm I no 53Gao 47As/5mm GaAso
5i Sbo 40 form ng.t he Tabswghheisiomndtenhef Ghidh 3upkerbiatthe alesok@ioarlayancisudes: 45

2F i o RS Ol S e ae b R S R SHE 8 "5
ni ght vi si o8V ahREnQlclCiRiclds, Wherein the spectral filter is 15arranged

upstream of the optical system 8. The night vision systemof claim
1, wherein the spectral filter is arrag ed downstream of the optical
system 9.8 The Thie ghght Vi ooty sSPs Pletat S cVAFTRINTC ARROFRIAR la¥ary!s 2

predet esm nredinéal Hipeof atibe &éoﬂl% h&l%éf\@l\{&hcﬁﬂ Qtiftes Beliattict haRrwbi et Bakd | ter

out is about 1.8 mcrons. e night vision system'of claim1, wherein
t he opti calSIsSymbemdnade dnP ispbtragplayeraiwhgetit thehSloLighperfaitch layefriingedes:

wavel engt h nd .l i gh engrated. by. a therm]. so e is transmited, and a
Socond optiSRaPEai ot HRSTER R toprhirt B SARling o RGeS eb AR B G bt o
l'ight refl gsingidgftheakipgichtsor, S1 10 pagdst s th, sYRIGLANfrRen©Rkd CRhreSySt €M i S

configured to nodify optical characteristics of the | ight transmtted
t hrough 25tsheetf PP sierigdel of da didapatdpgnisg cthe tgradinghéhd PHRtsuperiaiden tayed

thro th i rst t ipnte 1 b r mstt ed h the
secoggqgat ?\%CTIMG '156)8 %:r&dlggcf:? I?ORQGFQ“‘Q{\\% gg%é%%ﬁﬁlsdldg%%ts ﬁg? (@%Pfée%)t“é%&%gﬂ? by an
optical sy, 98bo,aophdizotet sabeierhand g SL8 uupatditicwalgtengtideaf42. 5

m crons under, said roomtenperature; and selectively filtering out |ight of
wavel engt h PSHeS: & Iopafproarpy apd o8P mcHads 8t IReapiv, 7 A hdpanye dhadadding

shifting i qRALOGFLAMATRSE.GY. [ &k 8GEin07 SRt o a conbined reflection and
t hermal node to%gﬂ)ow e '}éct?'ﬁgsl ?gjﬁft greéfgfﬂect'ed fromand emtted by the
obj ect being inaged. 12. The nethod of claim 11, wherein said predeterm ned
val ue of the 7. The night vision system of claim 1, wherein the spectral filter 1s

15  arranged upstream of the optical system,

8. The night vision system of claim 1, wherein the spectral filter is

arranged downstream of the optical system.

9. The night vision system of claim 1, wherein said predetermined value

of the light wavelength shorter than which is filter out is about 1.8 microns.

20 10. The night vision system of claim 1, wherein the optical system has a
first optical path through which a first wavelength band light generated by a thermal
source is transmitted, and a second optical path through which a second wavelength
band environmental light reflected from objects is transmitted, wherein the optical
system is configured to modify optical characteristics of the light transmitted through

25  the first and second paths such that the light transmitted through the first path do not

interfere with light transmitted through the second paths.

11. A method for imaging an object at or near room temperature and

operating in the wavelength region up to 2.5 microns, the method comprising:



i ght wavel ength shorter than the wavel ength which is filtered out is about
1.8 10m crons. 15 20 25
WO 2012/143927 PCT/IL2012/050141

21

collecting light and focusing the collected light by an optical system onto a
photodetector having a cut-off wavelength of 2.5 microns under said room
temperature; and

selectively filtering out light of wavelength shorter than a predetermined

5 value, thereby gradually shifting imaging from mostly reflection mode to a
combined reflection and thermal mode to allow detecting light reflected from

and emitted by the object being imaged.

12. The method of claim 11, wherein said predetermined value of the
light wavelength shorter than the wavelength which is filtered out is about 1.8

10  microns.

15

20
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