10

15

20

OPTI CAL PRQJECTI ON SYSTEM AND METHOD FOR A COCLED
LI GHT SOURCE FI ELD OF THE I NVENTI ON This invention is

w@eoenadshy in the field of optical projection BgHIEN®6/001378

used with a cooled light source. The invention is
particul arly useful for optical projection systens
used with either one or nmultiple infrared (IR

sem conductor | asers cooled to cryogenic tenperatures.

BACKGROUNDOE THE | NVENTI ON There are nany applications
ofORTICATA FRQIECHIQN SIS EEM ANDMILHROD FOR, AL ODLED

trace-gas sensing, ai rég@g:ﬁi' j toring, nedical
devi ces (for diagnosti $§g‘{]§§#t) opti cal
comuni cations, and spectroscopy. In nost of these
applications, high radiation intensity is an inportant
requi renment. Another typical requirenent is that
radiation emtted by a laser is to be appropriately
collimated or projected. A frequent requirenent for

I mproving the performance of sem conductor |asers,
especially those operating in md-and far-infrared
spectra, is to cool the lasers, often to cryogenic
tenperatures (bel ow -1000C or 170K). In view of these
EHALD: Q8 THE INVENRIQON | asers are often used as

conponents of (| arger optical s%(st ens, configured for

opt i mkhis| ipEentisyisr ganeslya el theptipldae! pplégad prpisation sysfems used
r.oduced,light,., Concerning.the .md- and.fars;infrare .

BURHctnied Jbc SERES Tna2inguth ois, PaichBir 681 For optical -

BEF2ATR HARtnLifd SRSl e SoBORIE MR B8) Whifonductr

lakérv @ogledttbeiryogonit timsaratupéensity is not as high as

of, for exanple, wavelength-shifted solid-state
| asers.. Exanples of mdand far-infrared sem conduct or

BACHGROUNROR ¥R IRveadaomsers (QCLs), I nt er band
Cascade Lasers (I1CLs), and direct-bandgap anti nonide

| aserBheréh@semlaas eapplivarione of updatdtfacalfkate@riasers, including
electrically. Various cooling and cryogeni c cooli

igttiewdy traee-gas erensingy eaibemi?mﬁme Inoprithring  eedigal gg@fices (for
GBS oD R A 8 ot o
ﬂhESéJaﬁDli(%’ﬁtoﬁE,t hiﬁh%ﬁiaﬁ%ﬁ'intensity is an important requirement. Another
typical requirement is that radiation emitted by a laser is to be appropriately
collimated or projected. A frequent requirement for improving the performance

of semiconductor lasers, especially those operating in mid-and far-infrared

* spectra, is to cool the lasers, often to cryogenic temperatures (below -100°C or

170K). In view of these and other requirements, lasers are often used as
components of larger optical systems, configured for optimal laser operation and
optimal projection of the produced light. |

Concerning the mid- and far-infrared semiconductor lasers, these lasers
are attractive because they are, generally, cheaper as well as more compact and
power-efficient than of other types, although their radiation intensity is not as
high as of, for example, wavelength-shifted solid-state lasers.. Examples of mid-

and far-infrared semiconductor lasers are Quantum Cascade Lasers (QCLs),
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For sonme particul ar applications, operation with nore
than one | aser is needed; and all of these |asers nay

WO e@aios3s4n refrigerated environnent. For exanpP@l/11106/001378
Pat ent 4,873,843 discloses a refrigerated environment
for multiple | aser sources and/or sensors which
provi des the sane thermal comlitions in a single
cold-cycle refrigerator for t e sensors and sources;

@%@Wﬁ&‘?ﬁ%&%u(mi& g e Bngess adyfirrade fgrs. These

Lt sfer with the anbi ent
R e bafe Spyeaty ?%%%?%%Jaﬂ t emper at ur e
rel atV@ﬂﬁlﬁS @‘@oﬁﬁg aid |C€Y?&11@Rﬁbﬁh Oﬁbheﬁmﬂ\/ﬂﬁ\(gﬁe@"ﬁave been
I NVENTI ON There 1s a nee n the art to provide an

@vreiqpeéntAn eghmptfr of ec tiyogesipseatingnappratus cerhployirg heat sink

st 83 a¥fh ?c%%éﬁaéf?%ﬁ {otades Srpreringdon 05 cPatent 5,628,196
0Pt | ol ALl SpBlafRRL0RNCACKAL. Mln one Taser is

produced rce e inventors

mepded @ﬁﬂ dan hﬁt ttfe@@\/lﬁél%rs Qﬁay felgfifte @rreﬁ@gératea SivatfBent. For
used With a i ght source requiring cooling to a

Camde U, d’dbﬁltd@ii?}sm&dlstcjmesal feyrigerated dammdmmt ifoamultiple
systens including at |east one, sem conductor |as
lnpati sraIrges: andl/eF S@ﬁ@pré pWhl@B proyjfiesatheysapg (thermal r@ndltlons in a

L@%ICS dsucffer fro f a{:t that the, 0 %tICSISd &
St &Nl detigd: °6o o WerSPusyrisfiq SOpFehgd a mounting
SiMRhed whichl &ﬁﬁﬁﬁb 'EBéoIth é@éﬁe&gﬁﬂnz dcBoBmo ‘rhgeﬂupe}i Sensors

a cool er notor) uc:| ng t nt of optic

& secdssand pbsfa%pdﬁmtfm tdikati@s atnbi@s edtt thghimbiemt eéhile they
The alignment is also negatively affected by the

are gkt aft apnsistpr tempaesusdelaionshipe fepeliiciend eperation.

i ght source, due to the effect of thermal expansion

and variations of the optics tenperature. Moreover,
SOMEMARY OFTHE INCENTION t he cooler (or, nore

preci sely,out of the cooling chanber or dewar for

cr yogEgre 1amon¢etdam thesyrt togwavids am efffieient hghtopltql@glqnssystem

q(-jnlélls nl?fé‘l ;’fglim’étﬁg SVlﬂfsﬁe ggcé?rg@ %Ec‘fw?”@%i Cécger et 5 to fgclhtate the
t he: |
SR, B s e

fa@ixgioadp fddm@fb@@ hhetbeledlizheBouice. t hat each |aser is
| ocat ed at the focal point of the respective optical

el erehlte inventors havdifotad that menwertiondl dight Iprojecdon sgstems used
%ﬁ'f 11%1%’? Oémtlroceb1(?equ1r1ng cooling to a temperature below -30°C, typically
laser based optical systems including at least one semiconductor laser inside a
cooler and optics (typically collimating optics), suffer from the fact that the
optics is located outside the cooler. This results in the system's vulnerability to
~ vibrations (e.g., caused by a cooler motor) reducing the alignment of optical
elements with respect to the laser based light source. The alignment is also
negatively affected by the temperature difference between the optics and the light
source, due to the effect of thermal expansion and variations of the optics

temperature. Moreover, locating the optics out of the cooler (or, more precisely,
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| arger considering the use of |arge optics |ocated
out si de the cooling chanber. Hence, the cooling

WwW@e b@moeds4zray need to be |arger to contain the PUl/L20064001378

| asers. This negatively affects the cooling
efficiency, because the cooling chanber of a |arger
mass needs to be cooled. In fact, in nost of cryogenic
applications, a |arger portion of the cooling capacity

Sl P! eSS Lo ol FRAGT oS UBR O | s it
@gﬁﬁtﬁg isadf*éﬁaﬁxft o ﬂ?@la}é‘%‘eﬁﬁ &éaﬁc?ﬁﬁ&??xfelkéfowﬁe Pamggdy large.

T
aser applications typi cal 1ne cl encl es

the dewedsel 68 eHd lipht bowdtee Haaludapehidtipleniabék Otthlasers and also
electrical wires, radiation through an optical w ndow,

heii asatiatednoptical ehements eowld) besomehtoot distandlly loasteddirom each

e 55t S e, SRS A A VR, rspecive

%ca‘i"%ﬁn‘?&ﬁ. 542?0 HReh k#cgao%t\w@éﬂ 'Ehebﬁlujl Stk lﬁfe'ﬁsc‘ v&%ul&Weed to be
at 1 n many

nce 1t canh be seen . cases’ coolers are
Meget doideriigetie, uaNEf Pk Ctics MoERBE dithde hd RoSHER chamber.
cool ers can be inefficient also. The present invention
Hancd, e ocveling)chambeuntayoreeidrio dentergeate sohtain dss ngpltiple lasers.
ficiency while adding.mass_to the useful |oad, but
fgléari%iaﬂﬁelb’t aflﬁﬁf’tﬂgﬁ g Rﬁgefflf?ée%% degguseribe cgpling chamber of a
j [ f...T inyention can be useful in various
fggé%%ilg%stsi%ﬁgs Eé Bgnca‘-”}é hd farinfrared | asers, i.e.,
| nt er ke inf M gtrafegg%% REASHINGtioRd, 2 PREEUDSRBN of the cooling
nonitori r?g,mrregi cal devi Ic}esébzﬁf or lgi aganosgélglgbor 1 O e Goolng
tapaaity€int wattd pifiacedoleniminvestad iinnyercomiling e inefidgncies of the
The invention is particularly useful in electrooptic
deraraiself, rgherthamineaolingia wsiindoad avhiph éelesaied in the dewar. In
stens.. Accordi ng t.0 So enbodi nepts of t he. .
A AP i) rier” SR REIRRE e 8 e IVAofeelS ghde heat
¢@RRictiod hﬁnr&i’%ﬁ C&lecfical SHiresD E‘&diﬁﬁf)ﬁ! ﬁﬁlbﬁ’%ﬁ yaqt tical window,
cooling chanber) also contai'ns therein a singleens

@sidmaptomvalctivy toftheplalls pdheahemmaltia assseftthatdedanstriciubé, stc. For
| aser. In sonme other enbodi nents, the cooling chanber

exnple ribe tavenelativenaffachiof these ineffiniencesiicay beoobabout 150-300
BB HEoS ol gFoveiia vedBroRb ik Flepe Bifan be seen that
FOBbLASE: LoV, RESHOLIEOGE ) SRR with s
Sovlescanisy hldffieieAt ako. The present invention can improve this situation

in some cases by losing efficiency while adding mass to the useful load, but
regaining it by decreasing the size of the cooler itself.

Thus, the invention can be useful in various applications of mid- and far-
infrared lasers, i.e., inter alia, in trace-gas sensing, air pollution monitoring,
medical devices (for diagnostics or treatment), optical communications, and
spectroscopy. The invention is particularly useful in electrooptic systems, for
example in airborne and spaceborne systems.

According to some embodiments of the invention, the optical system
contains only one single laser. The optical system (more particularly its cooling

chamber) also contains therein a single lens or a plurality of optical elements’
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cool tenperature being |ower than 240K, a cool er unit
capabl e of cooling said light source to this coo

wo esopeebur e during the |ight source operati onPCHIL2006/001378
optical wi ndow permtting |light emergence outside from
t he cooling chanber; and an optical unit accommopdat ed
in the optical path of light semtted by the |ight
sour ce and enabllng energence of this light through

e aﬁ&wgn oot it Lham e SOl DOGEBIAR e
i eqfdgcrrgbly operates with at |east one
?ase %‘ﬁﬂ}?

erent |ight sources nay al so be

poss lﬁhic@rdﬁﬁ@ €o s rodthyspeet of terpressnd ind@rtionatete is provided a
~According to anot her broad aspect of invention, the

nowel light priesedbion endical ﬁya;tameccmfme@ o saprsty el qesfosmance. The
e o L SR B
ng‘{erﬁw%&%ﬁfrg foel !&gef ﬂ%gdﬂ(ﬁé 5*&%{)‘1’6@%&2@1@ Q)ff coohng said

conv r'eover an 1 nn sur

12ht 5b@c¥ a6 YhicoRR kA {)&l@tilﬁre REirihasthanighisesicei dperdiort; hm optical
tenperature of operation |ower than 0.3, the system

viadopr perintittifeptight kinghgencef dutsidenromdiie ceolsrgachamber; and an

heat transfer tqg t side of t acuum,se
optigal wajt ggcmpéaﬁegﬁn s opteslanit Xﬂéf% AisObY g yhefight source

5ab B PLELANS Al IR TLRAE o] AR, i rom e

cl%H gcﬁiﬂ’l%f of invention, the optical unlt used in
ystem of the present invention preferably

I ncI Wieording| e(asatnom]ma booack ragpect Ioénmvemiomr dha gpptizal system
anot her broad as t of |nvent| on, cool jn % chanbe
radyioperates Wi r@aséé%lé - Ham@ E@r%élgh gherces may also

AT AN S
coupl g %E&n%%@%ﬁh H65P 'aé!péc? of MV GRRING thdBddling2&hmber may

enabl e eat Wt dravva Thevacuum housi ng nay

ificlntai 0 vacaohd sedleé! kowsise rmhmhcomwglsr tok ﬂl(ghakssmrde Thereby
thermal radiation enmitted by the |ight source_and

configurad systamisen proviek ahigbeyeEiienay @%%@Tﬁwﬂfprsheat transfer to
B naSon e RcanE edied Bodtingety Fonssitng. UPaveryif an inner
SuPB B BTSRLS Rhuhl S AEA HETEhe has an emissivity at the temperature of

operation lower than 0.3, the system can provide for a higher efficiency due to

smaller heat transfer to the inside of the vacuum sealed housing by radiation. To
decrease the emissivity of the inner surface of the vacuum sealed housing, this
inner surface may be polished. |

According to another broad aspect of invention, the optical unit used in
the system of the present invention preferably includes at least one converging
lens.

According to anoié\her broad aspect of invention, the cooling chamber may
contain a support assembly carrying the light source and the optical unit. This
support assembly may be mounted on a cool finger, which will thermally couple

the support assembly to the cooler unit, and enable the heat withdrawal. The
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light outside of the cooling chanber. According to
anot her broad aspect of invention, the optical unit

WO p@l0as32 an optical el enent | ocated at an out pUr/If20e101378
of the support assenbly. This optical elenment can
facilitate achieving a desired projection or optical
path of a light beamenitted oy the |ight source. The
support assenbly may have an array of at |east two

PARChRghe SN et s ol it Sy RebefiEsd o absort

A0 R TEEY el STREE Al MU PYORSssbAED Such o
c0ild Ishiedd iaBseinfitsly Oigt préfdralpigt iheriahlly aveplddetmthecsdlit fhlgdtyfor the
the | asers. Each of the conpartnents may contain an
heat ayithsrawhk It atser bas a windowe perditting dhe gyassrget o the produced
ppti cal, ocated at the output of the

el nt s_bei
1 &Fsﬂ%ﬁﬁﬁ&?@é‘ﬂgi ST-anot her broad aspect of

i nveny i : i I foLJAC I ' .y

I ense‘%&gg%‘gh%f ﬁﬁ#%&?%rr? g gséspé&aéfsjg@i%g (e)lg’ %{eﬁ# tééél %fmt includes
MOSPtRAPEREH M | Qe Pht drPs@bat Bicet BEtHe WipboftAdE&Ably. This optical
According to another broad aspect of invention, the
edphentatamnifadbtate sichieverged deésided gprogattionedt epticalepath of a light
coating preventi.ng back reflections of the | aser

hean} emitérd byrfae hggt gaireg. Eig spnost awsepidy may have an array of at

L PR P e e
SoBFdeS CIHeO Bﬁitsi%ﬂcl‘iﬂ'i %éb.g ihélnas %.ﬁﬁ%)é@ (R aPeResEnt® ocated at the

i nventi on, e opticdl unit inclddes one or nore
aypputctace| cihsaid soagpaotmiantedo whaththese opticaloglemleasewsl] be in the
for affecting the divergence and/or the an%Fe of

qptisabpaths of laser baams emided by dke faspesargch hdbecorppaidalents may

DT ey oD e ¥ SaferPondRR g edimcs Slinents being
1éaed dEMCuthit HANL btipAmddiese optical el ements may

ocus at |east one |aser beamin one or two
di menscairdingAocantistdroad assicher ibredgidnatresitical unit includes a
i nvention, the systemincludes a wavel ength-sel ective
mutadigy ofidenses.ona¢hyaf the engevisersabtiatadowithr aaaerrespanding one of
lavvave%ﬁ_{r%%é}gr ange at and around that emtted by the
FIgHe SO e reflecting all other wavel engths.
The f} . Unj o) ' ri -eri al .
i th A FLRntd pHBReD Bl pEfterle BvenBEh e BBHEAT Rifidow is
doRerddnesthesn antireflective coating preventing back reflections of the laser

radiation. The may be oriented in respect to the optical path of the light emitted
by the light source with a certain angle, preventing light back reflections.

According to another broad aspect of invention, the optical unit includes
one or more optical elements associated with one or more lasers for affecting the
divergence and/or the angle of propagation of one or more laser beams. These
optical elements preferably carry out one of the following: collimation, focusing,
and reducing the beam divergence. In particular, these optical elements may
focus at least one laser beam in one or two dimensions.

According to another broad aspect of invention, the system includes a

wavelength-selective filter unit configured and operable for transmitting a
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According to another broad aspect of invention, the

system may i nclude multiple sem conductor |asers
wa@eoodeisd2z i n a one-, two-, or three-di nensi onaPCHII2846/001378

In particular, sone or all of the multiple

sem conductor |asers nmay be arranged in a nonolithic

senm conductor | aser bar. Acc_og_di ng to anot her broad

aspect of invention, the |ight source includes a

sem,conductor |aser em.tiing in .at ] east. one of m. .
SR e eore b gDy e S il reflecting

[ t : \J N . .
PSP e SHR USROS 00, SHURARL Shliys wit
aspest inficéswlifiaetion bhe/ @ phickaéssey st em may incl ude an
optical fiber unit, optically coupled to the optical

wi ndddeasirdingetocamdthery budednispect ob ineintiens theosgstem mpy include
of the light emergjng therefrom The fiber uni . .
AP seTpon AT RS AITARSRAIEN 7 HRF- eavq-e@ritﬁ?aeeafhmenswnal

%S%S?gﬁlglt ﬁl%ti?{llag,ﬁg'cﬁﬁg P&‘g?@ K et ﬁlﬁtlt?%l]s%iic%&lét@ts ?%sgrs may be

0] () aspec Inventi on,

RRfgealin HHhéndlitRi Csenficahdi®@astasév®arbeans in at | east
two substantially parallel |aser beans. The

substAcddrdingytopmothdrédrohdsgrechefiinentipnj thellight sbemesncludes a
with djrectjons diverging not nore than 1 degree.

: Th
ssptirenductern keseragmitingdnaat leash omner ofomid gad f%m%amﬂt%fvelength

LE IR RS AT R0, A0 el
difﬁ%nt%ﬁggﬁiﬁggg%@ﬁ unit acconmpdated at a |ight

out put o ol 1 ng chanber (outside thereof) and

conf i Aeeaedirigotoc andthieo broat adpeas bf ameemiort, ke fopticaMsysem may
diverging: i ght beam projected fromthe cooling

igpladp ean @p?ipgllc %@ggitﬁ@t,tmt@allygcmum@bﬁo vihat opticph ddigidow of the
BBk 3T SRR S A o BB Pl 5. e ier
lﬁilrlggtﬁf%cﬁa@ eftrleééﬁt:é?l%_[%gﬁgm{?@e ﬁ%@mgfle&ﬁ}%d&tcfeﬁ g of Mer beams

eamw eam expander umt my have

@apitied oy Mukipialsemmvabl e with respect to each ot her,
thereby allow ng for changing at |east one of a focal .
pl aneAegntding toemotlaer hybad hepdct ghinvestionpths) adiceliunit prpjects at

66 PEoT BPaspbrdalsath Fin SIFGHENY FRELED LFbcbeams. The
§uﬂ§ﬂaﬂﬁaﬂ§; Parallel laser beams may include beams with directions diverging
not more than 1 degree. The optical unit may focus at least two laser beams into
intersecting focus spots.

According to another broad aspect of invention, the optical system may
include a light beam expander unit accommodated at a light output of the cooling
chamber (outside thereof) and configured to carry out at least one of the
following: diverging a light beam projected from the cooling chamber or
increasing this light beam width. Though, the light beam expander unit may carry
out at least one of the following: converging a light beam projected from the
cooling chamber or decreasing the light beam width.

The beam expander unit may have optical elements movable with respect

to each other, thereby allowing for changing at least one of a focal plane and a
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cool i ng chanber. Al so, the beam expander unit may be

novabl e with respect to the cooling chanber, thereby
w@bkdoomsisg2 f or changi ng at | east one of a focal PEi/aree06/001378

and a direction of said |ight beam projected fromthe

cool i ng chanmber. Such beam expander unit al so can

thereby enable for conpensatifg for alignnent

i naccuraci es inside the cooling charrber The beam

R T B ST D GBEE B b
SRR s P, ML A, e

.chafitbeg second | ens, of a |larger focal distance,
for collimting the focused | aser beam The beam
expandiso, the beammyzxpmdardmﬂamay rretmawiabla veitl oesppestetosthefcooling
efl ectors, first _set of deflectors operating for
%améz% rpbsg ?loa@assf%@}aagﬁ@g ot drastrRnec 6613 dgcal plane and a

GRG0 E340, 0, SEBRY 38 SREn LS5 PBMEG, Sy veam

é?ﬂ?ah:ﬂ@ﬂ aurfir kb elcah a%l%re@?a%alﬁge IF&H %rﬁlﬁé}ﬁhﬁﬂg for ahgnment
cool i ng chanmber. According to anot her broad aspect of

inaveamhéioninsidectheptootial diaitberray i ncl ude an opti cal
el ement made from at | east .one of the follow ng
mat er 12¢ Bearg @KH%\W%HHI‘ZW@E ingtude ashrele nagmﬁ,%ﬂﬁlon unit for all the

e sﬁ}%?%ﬁglgs ol B 5P iBibeng T EhiRlicidll i may
ihbRe fik8 5@5 eEl 'TSr fdﬂu%ﬂlw aﬁgeﬁ@to%"e' ¥ the laser beams, and a

ger mani um BaF2, silicon, sapphire,

degond lend, iofaa leﬁrgér cﬁwﬂitcﬁstaﬂ@a; doel chlj,nhwtuagl diéocusedddser beam.
aspect of i nvention, the light source may include a
Besrbeundupender mlérrn@mrtqlmdfgaufﬁs@arsi isepord ety aifedndiagtors, the

%xst S5t obr ettt GRtpE A Mo RERChe D GR0EE [ Gab B from the
| ncﬁ%ﬁ ché'fﬁﬁel pfﬁd: g %%E&Edcllj Cst@g ﬁ?g%%c{d,&gco?] dﬂé’rc,co%ffé%}‘ed and

e sem con asers Ing t

q:rmlble rtolihoRds@ spasss dtwesry eind mml?kr@:anal aBgr burhs emerging
Stirli ng or Joul e- Thonpson or se Tube cryogenic
’I?romlhhngboq ng chawber.di ng to anot her broad aspect of

I nvention thete ra ure of th
Accordmg to an i)road aspect of invention, the optical unit may

include an optical element made from at least one of the following materials:
germanium, ZnSe, ZnS, CaF,, silicon, sapphire, fused silica, and quartz. The
optical window may be a surface region of the cooling chamber made from at
least one of the following materials: germanium, ZnSe, ZnS, CaF,, BaF,, silicon,
sapphire, fused silica, and quartz.

According to another broad aspect of invention, the light source may
include a semiconductor laser emitting in 3-5 micron wavelength range. The light
may include a Quantum Cascade Laser or an InP based laser with
AllnAs/GalnAs active layers. The semiconductor laser based light source may
include multiple semiconductor lasers.

According to another broad aspect of invention, the cooling unit is a

Stirling or Joule-Thompson or Pulse Tube cryogénic cooling unit .
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i ght source operation can be |ower than 170K or even
| ower than 140K. According to yet another broad aspect

wo@Roo7/edsHL i on, there is provided a novel | aserP@DuL0&/001378

for use in an projection optical systemutilizing a
cool ed sem conductor | aser based |ight source. The

| aser nodul e can include: a sgpport assenbly including
at | east two spaced-apart conpartnents each contai ni ng
at | east | aser,  and an optical unit

! AR g 1 AhODRE PERTS chBt T O Bl raperature of the
8 SbircRlo AR POIPRY 1T i THEIC| Fen TOR 1 S8 e

gure e nountabl'e I nside a coolrng ¢ er of

an i fm@éordir%fﬁi oBt bedther bessl héprt DfGAVereGR 'tHERDIst Provided a
roa

yet anot her d aspect of invention, there is

movelilaked moduleeformesehid ahoprojesdionnopticed LRyistegn antilizsng exd cooled
rqjection of light,. for |ight produced by a |ight

Lailpe Ul epasgel 11£hztéﬁﬁ@qeaﬁ@reéamv@pd@lﬁa;@nznemdefrﬁéupport

b NG f I i.all .
L8R, ASARE TR ol A8, sBBpbiblels e onainin
1e&dtofiRs kBinfcdHRAABIR MREEE Sanld’ 8N dptieaP hlhﬁgixfénﬁﬁﬁg Foptlddl elements
particular, the nethod can utilize passing th bpeam

mbumed hatatheoowtpug ifaeptd ef saidllvempartnoshisrehée Aadendaodule can be
passi ng the Iight output fromthe coaqling chanber .
qoriigyitd 0 be maushia deyide dj qoolingechasthes @1 mayinnat fligmeeter being

cr eni cally cooling the inside of the cooling
18?%%%’%:3.611?’% met hod may i ncl ude maintai ni ng vacuum

condi £ i W i ‘ rs ; : :
e HTENE s P GE ReaPaSBROR py B el peyided @
novegnhethivdafior tige sie phaduditig rRyiebiged asrojeetionuds ilight, for light
practice, preferred enbodinments will now be descri bed,

moduesd by adight sourqegopstahinEed aiempensiae losvasr dnoe24@<. The

th i ng_draw.ngs, in which: Fig.

SR eRnrELRr 7 T O ot P nartulingieriatdgen g beam of the
REEHEE et DoAY, AR Beal MARIAC 0o, o AETD CORANES Th pagtioular,
th angthed @hn thigize gksing thy Yeanm diroldita cbivé@ing16:R0Wheanethod

front view of a cooling chanber of the present

thay émclide pasding the light diripah diondhe zoohyg chambas dsrough a beam
[ . t in f f t ' i gnal .

e%?a%éér:l:l@?l fgcg %ﬁl@(ﬁ, gpe}yr ?nnc u(?e c%fog\égl%la ync%lo 1%2 1:h<§,1 rurlsai)(/ie of the

cooling chamber. The method may include maintaining vacuum conditions

within the cooling chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out
in practice, preferred embodiments will now be described, by way of non-
limiting examples only, with reference to the accompanying drawings, in which:

Fig. 1 schematically illustrates an example of a cooling system of the
present invention for a semiconductor laser based light source;

Fig. 2 shows a more specific example of the cooling system of Fig. 1;
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Fi gs. 4A and 4B show an exanple of a |aser nodul e of
the present invention, with a two-di nensional array of

wo enwsme3s¢opti cal el enents) in front of a PCT/IL2006/001378
two- di nensi onal array of |asers and nountable inside a
cool i ng chanber; Figs. 5A and 5B schematically
illustrate two exanples, respectively, of a cooling
syst em of t he present invention for cooling a

opt | £381 S 008t HBW RE cGgNing antip A thh Pyfipt invention,

vﬁéf)%ngﬁ d%ﬁéﬁ o) L8 I&n%§%4 Ro eé?l&l QEmBAR) Ehlbﬁ@@ of a two-

expan on mrtors an ses in Fig.: 5B

dbepdiondBrexeoPlabérg, Rspedivetypander unit suitable to

be used in the present invention, configured with a

movi digs.ehd fnd Ao Ay exampleant di Leesrsgen@@lea%ﬂ the present
Figs. 7A..7B

S.. 7C sho anot r ex le 0 ser
itsion, Bt v T BT ORRV AT Of TN MILISH! BESRR B rcRPT of &

t‘g:f)l(ﬁ?{% f{o’ﬁﬁl g a&ex am éﬁﬁ%% esrga %?Oel%%l%%&nb&

conf iFgEs, eﬂ&%ﬁ@%ﬂ“sﬁﬂeﬁl@tléeﬂ@ ilml‘éﬁﬁtel @sfb Eﬂémples respectively, of a
sem conductor |aser based |'ight source. System 100

conlihgdgstem obhthd p@scmiamniventldxl forcerlaignd Bgmacdndghtor laser based
source 150 fornmed b I eaat one, sem conduct o

hgbhesoures; wiiliping: PpHES |19§%tre pafside &e o9 ngssﬁ%tesﬁfg 2 beam
SRR o Frn el 5 AR Loy A0 on miver

208NEAQUIEFiASH vacuum or | ow pressure chanber. Light
source 150 T's associated with a cool er assenmbly 105
oper #ige ¢4 andi6B exemplifies bemd expapdaramit siable foebe used in the
| asers. Cool er assenbly 105 is, for exanple, . ..
peevent goveetion, sonBewadi palh gy HNE HeRS %rm@%{ﬂ% the beam
he ideal gas cycle and is fed by electricity.
YEEEPSLM® the use of a cryogenic cooler assenbly is

consqﬂgg eda Wfﬁf&"‘bt}’ shéW SARY EkarhpleCaP@LIageOodule of the

providPng to tH I ght source acooling capacity of a
preseiie @dveptioni | | iwatts to several watts or higher.

Al so, preferably, this cooling capacity can be
provided at a tenperature as |ow as 240K, nore

PESAST 3D DRSCRIFEMENOFEXEMPPARY EVODIMESES)

mor e
Reference is made to Fig. 1, illustrating an example of an optical system

100 configured according to the invention for a semiconductor laser based light
source. System 100 includes a cooling chamber 110 containing a light source 150
formed by at least one semiconductor laser, generally at LS;, three lasers LS;,
LS,, and LS; being seen in the figure; an optical window 170, and an optical unit
130. The cooling chamber can be configured as a vacuum or low-pressure
chamber.

Light source 150 is associated with a cooler assembly 105 operable to
maintain a desired temperature of the lasers. Cooler assembly 105 is, for
example, configured as a mechanical system that approximates the ideal gas
cycle and is fed by electricity. Preferably, the use of a cryogenic cooler assembly

is considered. Preferably, this cooler is capable of providing to the light source a
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preferably at a tenperature as |ow as 140K or | ower.

The tenperature of 170K defines the limt of cryogenic
wo esopeebur es for the purposes of this patent PCT/IL2006/001378

application. Preferably, the cooler assenbly is of a

one of three types: Stirling, Joule Thonpson, or Pul se

Tube. For exanple, the cool ejgmay be one of RICOR s

cryogenic coolers (ww.ricor.com. O her general types

COREB RO S ad agEs 6T FRURAER 0 Feaverlouats af Bigner Also
p%&‘ekébg}z Ralis | @R o{:apa¥ léa?luﬁlé ﬁ%‘ovﬁﬁﬁ 5{‘)%3%?&12@?&1%@ a8Tlow as

provi di’ng an appfopriate coo capaci yogeni ¢
JUORD efdi & I i@ feraBRe dt fDrteMperaiile0ns Ofovs &% AGOKUCART even more
| asers. Optical unit 130 is | ocated inside chanber 110
peeferably ait betemperftmro ps ilowl aspttK afr 1bivght The desp&iaturdof 170K
d,%%gl B3 enj,tted by lasers LSi, LS2 3nd hss, .
gedhevimjt ofperyeaenigniempesetures dehithgpwoses of this patent

] [ [ C i t:he | reCk.: 1
AT AR T Bl hTBARY 1515 RRRTE B, pifsbiiing
Jeﬁ}éwﬁﬁﬁgﬁm,lcﬁ@um TaRY %?%xaﬁgﬁél,l the RBoRY R4 b&8AE® RICOR's

B'i, Bf 2, and Bf 3, energing fromthe cooli'ng chanber
ctidzenic eosldrs t(mwwaidoy.cpar)alOther twenerat ttypeshef .cr@pgénialcoolers
system 100 i s thus configured and operabl e operation
switablectw| ewe with tha present avicatienomcludeeAstiyadlmppport, Reverse

e A€ oG anban i, enfl Bl st W orgging an
ak)gg(ﬁfneﬁ'@ %%%%E% S)%ﬁgé’ﬁ}b P ¢ chnot d,rgf;#%% ggg%]éd' 9P bgation of

I ng cha I't 'shou not
sepicoddueedr Igseghown, that system 100 may include an
optical fiber unit optically coupled to the |ight

h
out puPptégal awdt 136 it keastrs insidy. clguaberal 10 Berasuai ke iathe optical
i ncl | timde fi. -f |} get i
sl oy T Pegms M| B eich B gmivd 1P drssrorkait b gnd LSs
rEpeElFE SpRNE 1D SRERMILE (S ARhRLSE GRIGCR collimate
thed el ah@rditezs eherhaag tbfl thghtoodiigr eamBer thacudh tpp@priately

under st andi ng, the sane reference nunbers

provided optical window 170. Resulting output beams, B';, B';, and B';,
emerging from the cooling chamber 110, are substantially parallel to each other.
Optical system 100 is thus configured and operable operation with cooled
multiple semiconductor lasers and for affecting the propagation of multiple laser
beams inside the cooling chamber, so as to provide a desired laser beams
propagation scheme when emerging from the cooling chamber.

It should be noted, although not specifically shown, that system 100 may
include an optical fiber unit optically coupled to the light output of cooling
chamber 110. Such a fiber unit may include one or more multimode fibers for
collecting two or more of the laser beams.

With reference to Fig. 2, there is shown a more specific example of
optical system 100 configured according to the invention for a semiconductor

laser based light source. To facilitate understanding, the same reference numbers

are used for the same features in different examples of the invention. Chamber
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are used for the sane features in different exanples
of the invention. Chanber110 includes a theraio
w0 p@aloedsezl housi ng (e.g. dewar) 120 formed w tPCHIL2006/001378
opti cal wi ndow 170. Such a wi ndow may be constituted
by an aperture nmade in the respective facet of the
housi ng, or a region of the_f ﬁcet optically
transparent vvrth respect to the operat|ve wavel engt h

11 8 5uflen g Ther gisuiaiel PARE S5 & HE™AOLEHh SRR G, an optical
v%lzrgo 190.58u&P {N’gllfﬁ(ﬁg I‘I’l We%’ér%ﬁh%gﬁﬂ?}; 8?19&}1156?5&& "fifde in the

e pr oper dewar rrrance
rBgPEtivg Ak o'f%h@h@@shﬂg d)lnzg?é 69 of AN A dptiCaly transparent with
cryogenic cooler (not s omn) and a support assenbly
réspeentd thd@)pcm‘tf\regwaedleag&nrangegof the heserspvarnan optical element

O e R
I T L

( | enq\%hntedqﬁsﬁe S oRBICE0 rsna t:ord ﬁﬁgaesé lé@hnedtedr@@hscryogemc
L2, being showt in the figure. In systeml

doehir (genﬁrcﬁme)d ahy atsim@pbrtgalstemblwr (@e@ourgt) M40 tmdnﬁgnrefdr a:czcbrdmg to
to support assenbly 140, then tq col d-finger 60, and
th@ nEVERtien tohbe catta@@ehliec te dBe epoldpingesy diey supprrt assembly s

DB o B bS8 ) R B W, and

1H%H§ e¥r g% ?feh i Be%ﬁﬂ%ﬁ?e@@&eéﬁpﬁﬁgsééﬁf&%? cRAEm$ (Ienses)

used. era ese sem conduct or rs are

IQusththe sicatie —Lthser sichlsléinbmsdd,, Wi,{ i3 Aeis skawnAs the figure.
active [ayers. Lasers radiation spectra nmay overlap. A
Inusyistam 300; healegensiratedrhy ﬂwhglet sroee i3 nyithdrpyn first to support

Avart fﬁf% g elitingit o0, EF hnaly £ R Ghogamy cosler
conf i 'IQHE gu thé& bﬁl@%ﬁﬁﬁg fshﬁgéﬁalw1tl?d§ein‘%ﬁb88dlgpf tlﬁ%r?yednitting

the | rce an support asse

r@éﬁ@rﬁhl th 181@d of fabeinfakéd wowmght@nge) ct>ut| g@eralﬁp any other
wheret o heat generated by the dissipating thermnal

opedatata wavelengtharasze rqaaobe ut@ds Poeferablys these |sgnmeqnch1@ta1 lasers

é%glr grft?l]?{g %F;'égz%isag %hg%ééq ggﬁrpés/%}a?nxﬂs %we layers.
e i A P S i o

AfoRBEMROHResed in a laser bar.

Cooling chamber 110 preferably also contains a cold shield assembly 180
configured for absorbing thermal radiation emitted by the light source and the
support assembly. Cold shield assembly 180 is thermally coupled to cold finger
60 whereto heat generated by the dissipating thermal radiation is transferred. As
shown in the figure, cold shield assembly 180 is configured to define a window
permitting the passage of the laser beams therethrough, and to surround support
assembly 140.

Further provided in system 100 is a filter assembly 165 accommodated
inside cooling chamber 110 so as to be in the optical path of laser beams B;

emerging from lenses L;. Filter assembly 165 is configured as a wavelength-
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I nsi de cooling chanber 110 so as to be in the optical
path of |aser beans Bl energing fromlenses Lj. Filter

was®enbisy2 165 i s configured as a wavel engt hsel BCT/In2@06/001378

filter for rejecting external infrared radiation which
di ssipates into heat in the internal parts of the
cooling chamber. Such a filtgs_may be configured as a
stack of dielectric materials vvlth di fferent

shlsctEe e dopesting EXtscial inHpieangirion Whish dipdPaigs jato heat
ih PhE fEGal 51?? f ﬁﬂe‘:gocﬁﬁg ERfhbS S'uElg1 Et Cﬁl%reiﬁﬁf ble-@?)h?lgured as a

arrangenen unctions as a nharrow ass

sytke oft daglsdrics niiibNials e odiffeadd @ﬁlcléﬂ%%&@nﬂid]ér aindices of
and around the wavel ength of the laser itself, while

refrhctean. iAwlight passérethrowghethensfapls,. W&‘e@emgtbaathat &¢ to be rejected,
epetisRR SR B U RuEe, TS URE b T ioHs 25 oW band
PR RERy e AT a J e  STSOPITRAY o groond e

v@i@?ﬁ{%‘t @f@ﬁ@la@e@mmwnle%f@euﬁg ﬁH%ﬁexﬁﬁé@l@ﬂlgﬁhé40
Generally, optical elenments may deflect, collimte, or

f ocud ashe beamktB;peanitted by thedaseas dJeroﬁj‘élcrlegﬁesmlnee, propagate
peans di vergence. |t shoul d be noted that by an ef
throughafrnsenili assorigied avifhdhe Jgsass densey IdeFPB%ti‘PE}Hg optical

f bea

el ERepgfs Oithel BERER: idfsdn bl 0FL 4 dpd in the presen
&ﬁﬁxzﬂ@' Gfd Hﬁ)uh?e?l%n sasHcR h@%nﬂfly 49, Ofenbailly, Bbiidsledements may

I ength range (e. m crons), |énses Li
dsfflect) cvilemiate, e ﬁocam]marl@ht biearrish ios inardasdt borlecrenaye llee beams
made for exan‘pl e from germani um ZnSe, ZnS,

Ch:t/@rgpwwl(c ﬁ)lo‘(lkﬂab%ﬂo@ﬁe@ﬁt by e sfiedti ca”el)ean@awllmgam; either an

%JEW g%@ﬁﬁp&gb% ?}S‘i‘%‘é% ?ﬁ%ﬁ; %&Br rgltéép\;gpegp of Mcreasing of
t@é fﬁeﬁﬂl‘ét dh‘(f@l;ﬁ%ﬁt:é G$ cgﬁ%dére?:lo '@Brﬁﬁiér&% Rket rl%ﬁlatfeﬁsgf m1d or far
i mat e r

eans earrB ener ge om housi ng

1hﬁamdghvawremﬂ1<gvh Idtge Gegerdakd V5 nhieeonsi)n tawesrdy;, bdnch are to be
configured as a wavel ength selective filter thus
tmnspanﬁ;at o ghla rn@@tion,omam b mraded®r esamphsy &o8r gormaripg, ZnSe,

ZRblegr i S et deffaping wilde)S CarnBar pruioas rpphie fused
#ﬁicaafﬁ‘e B0 PR, 5 0 L TR gyt Sosncive o
difffactivieOptidyadr 4 Yorabhlatiog (ﬁfthéﬂﬁ@ cool i ng chamber.

Laser beams B'; (collimated beams) emerge from housing 120 through
window 170. Generally, the window may be configured as a wavelength
selective filter thus eliminating a need for filter 165, but preferably and especially
considering the filter implemented as a stack of dielectric materials, such a filter
structure is a separate element 165 while window 170 provides the filtered
beams' passage therethrough and serves for a low quality sealing of the cooling
chamber.

The fixation of optical unit 130 on the same support assembly 140 with
laser light source 150 allows for providing an adequate alignment between the

optical elements of the optical unit and the emitting lasers of the laser light
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The fixation of optical unit 130 on the sanme support

assenbly 140 with laser light source 150 all ows for
w@e@viodismy an adequate al i gnnment between the opCT/Tz006/001378

el ements of the optical unit and the emtting | asers

of the | aser |lightsource. As a result, beans B ;

energing fromthe chanber aresparallel and collimated.

Despite that | enses L are placed inside the chanber,

the resulting, c g

S?‘@gﬁuﬁé @h@%ﬁq%ssﬁig %%F?éﬁéf | éligleﬂg% ghélg)g@g f]dre parallel and
R E5OBAE 15 PlacL B ORRAR0 i gBhutin

c%bﬁﬁffg @gstéﬂleefﬂc‘ﬂﬁﬁ TRy HefnteaBs @doling systemRaniradless space.
to prevent the filter and the w ndow of the cooling

Inteorh die divengenet lofdasen dighbpmpapaghg ftvac khe asethsoures wr window
because such back-reflectjions may negatively affect

1{7Rds redysedoenes,ithe sizewd dbe wardgve mpasche decredsy be

b ¢ Tars Soraray HE BH\Fat B folsrild AR R0 b FL el Mg chamber
gt rt%ﬁ%ﬁtéﬁ% ?%Q\?lié gi[égxa MaeR393hé Mkel b QUAED WP B¥eIRde 88K ons may

or may by orienting the tilter and/or the

naadelyi afferohe lagbi opagtion. Undetieed mfhrctibhg ntay B¢ pogvented by
covering the lenses and other transmtting opti_cal
coveringthe filten aadior the vardow evidly anjangirefleativgl qashingousually able

ts \égé%agﬁe) ﬁ{el ﬂ%@ﬂ&p@géﬁéﬁ Zlg%«s.lg%gtf %gyogagié{)@éé %Fhlgaey fbie gphrtevented
H5)3iRnd 0 FRRP S IENGIRbRE 1P hphISRORIRL SPHicoSer lght.

Alsackepdyingadhat l@izes | And hettdes @ﬂahb&ﬁdﬁﬁ?nfdpgiuaht ¢loments with
the | enses nmay be small (of the order of 1-10 nm, .
aitir¢fdectivecanatingavilhallow taaiveid heating theimgiréacegrand to maximize

ecause a heam expander is placed out of the chanber.
tﬁﬁglgﬁtnﬁ’épu&%ter of the chanber may be of the order

of 1-g ¢ ' W L OB, .

et TGk Soq UL B0 ELBERRRAN R EL O e siv of
cHoRRPIdevaeseiide 0O tifansurf | @vimed té othdetbifeer T gier dYackbody
of conpartnents - three such conpartments 145A, 145B
rddaonnln the dusesibed cenBigmitonathe lewses esay basmalineftleeiorder of

at the output facets of these conpartnents to he in
k-he Bk cdthep diasapse 15 garONe Hiasstels @%@@%&j&t Ak Qegauses a beam

S 3B o0 5, A5 sk SEPIC b oy e
dfAR8LEGr 0F 1-2 cm (i.e. small).

With reference to Fig. 3, there is shown a front view of cooling chamber
110. Support assembly 140 is configured to define an array of compartments -
three such compartments 145A, 145B, 145C in the present example, and lenses
L; are mounted at the output facets of these compartments to be in the optical
path of light beams emitted by the lasers (which are not shown here). Lenses L;
are located in a common plane (the lasers behind the lenses are also located in
their associated common plane) and are arranged in a two dimensional array -
three lenses in each of three rows in the present example. A part of window 170,
allowing output light passage and possibly providing a sealing to the chamber, is

also shown here.
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their associated conmon plane) and are arranged in a
two di nensional array - three |lenses in each of three

WO 0M3/063542 he present exanple. A part of w ndowd0,2006/001378

al l owi ng out put |ight passage and possibly providing a
sealing to the chanber, is also shown here. Q her

enbodi nents may utlllze lenses_(as well as |asers)
conflgured in a one-di nensional array or another

t hr egﬂtgg gﬁg?r : %@g %Rﬂé% 1‘%’%% l'ﬁ%%v f%@f%&%?ﬂﬁgured ma

el-dlﬁﬁngfb'h 9o ABRer $RBLdi n'%‘fdn%[‘arr ?e' ay), or
Ay o g SRR

earrane ars of nonolit IC emtte

ine m%@dnh&@ﬁoﬁdl ertaySwhén tﬁwaq?jdrt ammﬁl&;allam feptd f6n-planar
may be configured to direct ferent |aser beans
c@nﬁggrqmmnaﬂheﬂams ap- hmaang@d asbass offmenolitide stitgrs.

ot nilt shotld b moid tetyfe %%qtr%fﬁn%erﬂa By b ADES may be
ctoﬂ'glgﬁ%d%rcﬁrécﬁ lk%gl’f"[%er l'?@an? : di0r gt ﬁal@do‘? r{q%-gérgﬁel 448s. The

exenplityrn € con on of a
1605 In@a};zmugflasreh 5em1§$1@ Bhe bP¥RH di@BnETBHA ANl a ipdsitds id a line.
cool i ng chamber whi ch has an optical w ndow f of

Aahy fwdah gopd sisggee odmelwctor twagrahore laseti tetainsn of a

Phe. Siefercana 1f R to1 B, fﬁ&%&@ﬁi SSsrgp o T corpegiiration of
0. 200

2S5 PR AP AR R PRADS A3 I amber

\Qﬂi@h"’lia@'di‘lg ﬂéeﬁ ewﬁﬁ@\xﬁﬁﬁdélﬁi\ﬂhgl PaxShge 8f @lécﬁ'b?f?agnetlc radiation

| enses. shows all nine“l'asers LS1-L
aprwde&dmmed Imewemmg&r tamget FigndlA iaadr4lhshowu thteside and front
l.enses Li-L 9 nmpunted at the output facets of the
dewpdespactively eklasersmpgule 200:01 | i mate, focus or

] antt Het Bugtats R0 anpbile® o SiBfoft Aol JHE SRl dree spaced-

Gk msﬁe&fm&fﬂt@ 1%%%1-92@ ngad}?&&ﬁﬁﬁﬁlﬁﬁ%ﬂn‘éé s@ﬂﬁécﬁfﬂuﬁtor lasers and

requiring coo ht source

thieee HendegstRBig. edBi nshdw\fsf afilenmineoddsery ERaiSr $on1%uned 1n the
| aser nodul e approach is nore flexible fromthe desig

compar@sentbianit emasmcmﬁed\lmewsmah anewried it ithe utput Tacets of

th B ReR e PR Lt sellitiotio et gt G pigeafiser beams, thus
p?égﬁﬁ%%ordae?és‘fﬁhq ?Uhg &g@g&ga’uﬂntsgﬁexﬁ@cond step. A

Mg systeminte using the conventional
t echriuthelaser modules are useful for the design and integration of optical

systems requiring cooling of the light source. They may be installed in different
cooling chambers. A laser module approach is more flexible from the design and
testability point of view than a conventional technique incorporating the lasers in
a cooling chamber in the first step and coupling it to an external dedicated optics
in the second step. A cooling system integrated using the conventional technique
needs to be redesigned for any change of the system definition and can be tested
only at the last stage of integration.

Reference is made to Fig. 5A exemplifying a cooling system 300 of the
present invention utilizing a beam expander unit 230 accommodated outside the

cooling chamber and operating for expanding the cross-sectional dimension
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needs to be redesigned for any change of the system

definition and can be tested only at the |ast stage of
w0 nioggemtt on. Reference is made to Fig. 5A exep@l/if2goany1378

a cooling system 300 of the present invention

utilizing a beam expander unit 230 accommobdat ed

out si de the cooling chanber_pnd operating for

expandi ng the cross-secti onal di mensi on(di anet er) of

P e BI B R,NE L TRISIEN, OF 2 890 Bl
Ir? 'tlﬂ@ leﬁal%?&? 'bfehﬁﬁé)iﬂ&ﬂdlef‘ﬁﬁlt &gf) n’%hlmﬁ% dl??ﬁfic nit for all the

e coo catl on uni

1a%3f)bezﬁﬁ!; eRscihpdrde ke Soéclﬂig%lmﬂbé“rZ M’aglﬁfidat&)n unit 230 1ncludes
magni fication unit support assenbly 210 hol ding the
th nbasesallﬂ%edn@w lmBeamtd at ﬁ@gnlﬁ%élonagmtfﬁlmpﬁo assgmbly 210

aI| with t ht. s ocat i.nsi
i eF Enspmarmedmatth Shch PRk 1o TaRni qatioRaitt %Sr?‘f”lgned with
o e T SRR R g
iR %S €SN %ds@u@{ aBi NGk SR a@&ﬁataoy)hﬁg cﬂﬁﬁhber by the
case nay Lenses 220A and 220B ar e cof ocused and
spmsimagraficatéorsudiz Guppart sseehitdy 240cbrigsarothemsupport assembly as
than | ens 220B. Thus,

oA HGY Do PE TR0 A, 20N cOlarisoh O GhSEiN GRS 220A

th ro ' ' '
AU SRR 10 TR
%3 Gron$ tHSrdbOTingp tBamblVveMer inch@@8d f whah | BBy U%sfs through
es not utilize€ the aréa of |enses 220A and 220B
rmagrﬁﬁenth:&shnrta%&r reshitmyuse wider nagpst beamlseB",lgBlﬁe aieslign of
1958 associated with the conpartnments of _asse

nggifigriarmenit 280 dt Hery Yl Rovever, &ﬂﬂmﬁaatgyw@%ﬁ%foes not

B i o AR ARFR A A it 3R 4 BB begpse it images
befth& 1;91:(& an@mn%&?&&%a vAgPt fHescd}ﬂMﬁrﬁHﬁﬁ%ﬂa@sé}ﬁBﬂyeﬂﬂ

eac beam B'1 and away fromeach other to

pr odig. ﬁBtshUWsmlbﬂiérEHxabqﬂﬁbf B couriohgByAtent Hi09 utshzmg a beam
i mpl emented by sequentially refl ect| ng beam B j

eraaamdemfurpbﬁéﬂ | i this embodiment; ihe berm) exprpoden irfl u@@Blenses and

SGinEr B erndee 3G fimd oo UsloL SRty QL By By and B
?{gfrt)hf% lf H‘é?o t %r%%gée %ﬁ@%ﬁs‘gﬁaﬁ@lcﬁeélﬂg di BGd Y, él“lns is

es sim ose int ove- descri exa
1m§31dfh&1te5fby s'EJq@e:ifi\ﬂla@ll}h seftdctingdeaniB B’ dych Baid cﬁﬂ Iﬁrallel reﬂectors
nmagni fi ed when th %
(mirrors) 420A and 420B. Similarly, beam B'; is sequentially reflected by

another two mirrors. Beam expander 430 defines two magnification units 430A
and 430B each including two lenses similar to those in the above-described
example of Fig. SA. The widths of beams B'; and B'; are magnified when they
pass through these magnification units 430A and 430B as shown in the figure in
a self-explanatory manner. The mirrors and/or lenses of the beam expander may
be allowed to move, hence a compensation for various alignment and mounting
inaccuracies may be provided.

Other beam expaﬁder modifications may be used as well, for example a

one utilizing three reflectors with their planes being oriented at 90 degrees with
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pass through these magnification units 430A and 430B

as shown in the figure in a self-explanatory manner.
wab@763sunr s and/ or | enses of the beam expandePCTHR2001378

al l oned to nove, hence a conpensation for various

al i gnment and nounting inaccuracies may be provi ded.

O her beam expander nodi fi catl'ﬁgns may be used as wel |,

for exanple a one utilizing three reflectors with

rEeBhih B GHSTRIS PR SRAREICRONGONT 00t BTgt case when

R oA IS U RALERRD 8 Kkt s gepending on
thO SuppOR Oddsembie bhfigationd WeatisoBan ReaMtheC aharakeit at hidfferent
chanber at different angles of propagation). Three

angldseafl prapagetion). Mihreoreflestdrsote.gr indrrels and/otenismshexnsuch a
expander | ocated outsjde the chanber be ori.ente

beain: gERyarhiocgednRutsile e icBARbER 1}3?% srighteduto Sange the

Si A\ d ' in: .

HGRBRSHiioheE) oREATE, AUBRERALIAY k] beapeproppaating in e

sdifeedié @brofAIRo) ASafis RERITFiChG dh' @edihgind@éction of a laser beam
propagati on of a | aser beam energing fromthe cool er

(theadibeotjonnetyplopagation af adasenbeamhimgbringrfomathiecetoler chamber)
tol erances ;to_possible msalignments between the . .
e®6 P mapiatangst vikrdisheemsehaisalioterancesfoipossible prigalignments

o A1 B GBACL AT S P
tfé? ?eﬂl&?érs%ﬂ Bt olidgat iR ERR cap Wt BELIER, 28aiRRaHEhMENE between

ose | oop correction hechani smtapping the | aSer
thé gider i aridothe temk Ivithihothe dfamebeyecear be Icprrettedxudingid glose loop
of the beam expander, designs provides an option_to
cpmiestien trnechaadsin tapping dhe deser dight vintna welleRatorelylasgi generally,

SEoR L ShE Shh kg R MIAR 4 Bi0h b ase the taer
b;"e ATBRECHRR Wih aaLh ﬂ%@e}ﬂ Exippfd é&?drb%&*?tg?ﬁ 3GFN8CoREghfitions of

ese directions can conpensat e . Reference™is

thedaithe beagss phdpagbdo® Bechahewvwlgleaoxitixgnibe echaintser eanbe dealt
expander 500 which is generally simlar to that shown
with Bhg vasious inaselsactes inslaessydiragtions aae be sompeasied foB,

but distingui.shin her.efr [ at, beam expander 5Q0
has MAKBIECHRMTATe f Fig SA A e ion fiesh BAREDLe Of & beam

S BSOS O Ty s
ng gﬁbg lerf3és FB0RN R 320801 Bilits dk3dsuihthd I0EeGon €S @t beam

expander 500 has movable parts. In this embodiment, the beams' divergence at

the output of beam expander 500 may be dynamically adjusted by a moving lens
520B. As shown in Fig. 6A, when focal points 530A and 530B of lenses 520A
and 520B coincide, passage of a collimated beam B'; (as emerging from the
cooler chamber) through the beam expander results in the remained collimation
of an output beam B";. As shown in Fig. 6B, when lens 520B and accordingly its
focus 530B is shifted towards lens 520A, beam B''; is diverged.

Figs. 7A-7C show the top, side, and front views of a support assembly
740 suitable to be used in the invention (not to scale). Support assembly 740
carries a laser LS; (formed by active layers 750A and 750B) and a lens L; (shown
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and 520B coi nci de, passage of a collimted beam B (as

energing fromthe cool er chanber) through the beam
wepandsi2 results in the remai ned col Iimati on BET/HIR006/001378

out put beam B" .As shown in Fig. 6B, when [ens 520B

and accordingly its focus 530B is shifted towards |ens

520A, beam B is diverged. Figs. 7A-7C show the top,

side, and front views of a support assenbly 740

S A A AP R e 00 «
i B0 d Al i L s

L RO RSP €8k ot T

Layér D8y ik @dhnested ite thindlAbelrctbdes TIMN@ate90B, lying on electrode

| ens-hol ding portion 740B, and a | aser-hol ding portion
G 7954emd 3B usehiteisokde the elhcinoddsl fiowl the snpprer assembly,

790A and, 790B, lying on electr carriers 795A and
bV@f?Belﬁgngafﬁoﬁ"%#‘é’Pgo %%r%fye@tfﬁes from the support
assempl y, [ ctyrd ' ad‘am,
785. Tlili) né/ 5 Og }é%g i {}Igs ?ésn)q/’s %l{eém%ﬁ#%(g@ ;Hl% g%]gr gﬁ 3% scg)?nl‘gi%l?%ds to out
s&RhI fitceidns OlrCparticuli! it Seinessals 4 wivchhital shpport for lenses and
particular, it Serves as a nmechanical support for
ldserss psowidds taskasers withvanddecttinel ferdeansd serves them as a heat sink.
el.ectrical, feed and, serves themlﬁgg heat si

k. lt.is
Iais @lepeserisairle thahithe HRPROKpATSE! | § #Rall £ tfegbivee thermal

ffecti r Al nsi ficient . mNimzi
FoUB, s RO P AR . AR HE: srifinb? flube. The
816 O hrd IsBhic RSt Qﬁﬁﬂ%‘geéxaﬁﬁﬁleb heor"feeiaddrialé rBd which the
whi ch ™t he support assenbly may be made: ceram c :

soppa@t iassesnlysmdy dre Bade: ddriinidAnsiteiaBNyassd ©n Bed, AIN, AlSiC,
si.licon oxide. Thus, the present invention provides a
lpnélgy%ﬂl@ﬁnmd%se with a sem conductor | aser
based.,|ight source.to inpraove .the performnce of. the .
7 gnituist Ps BRHERE bPelR RESGPES ehFho it arsRabdt We with a
' ' g Ofh GRS PR f the light
LRI e 0l AS ARG GRS e 380k fmnce of the s
sopicecdh thel tcookeg asystesnl of thidreresesit eimvpnidon,descdaling chamber
cooling the nmultiple sem conductor |asers and for . .
canfasns & egolareassewbhyannbiple sempeondyctarplasesased apeeptical unit.

A ol A RO (6 2R Rg, A SuPbC S otor tasers
aBYRE %%f%cﬁgﬁgéﬁg[ﬁl%g?&pg)& té? e YeStpRAIRELBRSAL While inside the

schene o
cooling chamber. The optics inside the cooling chamber or together with optics

located outside the chamber provide a desired propagation scheme of the output
light.

Those skilled in the art will readily appreciate that various modifications
and changes can be applied to the embodiments of the invention as herein
described without departing from its scope defined in and by the appended

claims.
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Those skilled in the art will readily appreciate that
various nodifications and changes can be applied to
wo b@7medsazii nrent s of the invention as herei n deBCY/il2eeh/001378
wi t hout departing fromits scope defined in and by the
appended clai ns. CLAIMS: 1. A light projection optical
system configured for inprovegl performance, the system
conprising a cooling chanber containing: a |ight
source operative at a cool tenperature being | ower
than 240K; a cooler unit capable of cooling said |ight
CIAINMS: to said cool tenperature during the |ight
source operation; an optical w ndow permtting |ight
emar dence Aoutightepriojentionheontisel i Stgst@mamwﬁgum for improved
i cal ebnht accommodat ed in t

pehiorpaRe %%)rsaemm@mprésa% 2soahte Shawoeh sbanBer L source
%)EfeﬁnJe ht c&ﬁrtg a%i‘fdb@ﬁ%'l%% m&d?ﬂbééuﬁ%oﬂfeg\fld?%apable of

coo i'ng cha temo

cd8liflg | dault1i C§=1fﬁu E@lﬁrcéof@rshﬁﬁ%o& tbepetatene dugiser the3 lighhesource
system of aim2, wherein said at | east one | aser

opergtioins ezn apsieal cuindowt erhiftieg. light TFimeergynte mud:ﬁﬂdanﬁrom the
one of prece Cl ai,ns, wherein the cooling chanb

din
0@@ g ichambgr; v@'axfﬂ@iw@@aale@llh 86S9mEaafedh: Hist optical Paftyof light

SOur. he s f u
ot SR8 it SRR B R oty Top R said
oghcémlﬂ%%msﬁ%aﬂr&% tBQ‘é%bﬁﬂ% bya@@pyection. 5. The
ystemof Caim4, wherein the an inner surface of
sai d 2vacuThessatead ofi Qlisiinn §, Whesi saidnighel soyrqeotdrsprases at least
the systemthereby configured for higher efficiency
ogdases- snal | er heat transfer to the insi de of the

vacuyn seghe AU 00 PURLLAN. o TS SYEIER Blprics o

?HP(? rak.d-east one converging lens. 7. The system
5 r%ﬁlgﬁ)e % preceding O ainms, wherein the cooling

chanmger cdamMeasyrterd EUppobhe afgestdding Clajthngwhearein the cooling
| ight source and said optical
chamber comprises a vacuum sealed housing which contains said light source,
the system thereby configured for higher efficiency due to smaller heat transfer
to the inside of the vacuum sealed housing by convection.

5. The system of Claim 4, wherein the an inner surface of said
vacuum sealed housing is substantially polished, the system thereby configured
for higher efficiency due to smaller heat transfer to the inside of the vacuum
sealed housing by radiation.

6. The system of any one of preceding Claims, wherein said optical
unit comprises at least one converging lens.

7. The system of any one of preceding Claims, wherein the cooling
chamber contains a support assembly carrying said light source and said optical
unit.

8. The system of Claim 7, wherein said support assembly is mounted
on a cool finger thermally coupling the support assembly to said cooler unit.

9. The system of any one of Claim 7 or 8, wherein said cooling

chamber comprises a vacuum housing containing a cold shield assembly
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unit. 8. The systemof Claim?7, wherein said support
assenbly is nounted on a cool finger thermally

W@ owplos3sg2 t he support assenbly to said cool er POI/AL208/001378

The system of any one of Claim7 or 8, wherein said
cool i ng chanber conprises a vacuum housi ng cont ai ni ng
a cold shield assenbl yconfi gyped to absorb ther nal
radi ation emtted by said Iight source and said

S 5 SR 0 olEARES SHR e an i

SRPRIR56OH Lo eaesagnrel perlyLhbly e Akat b cod

nde? Ad NResE b vindewopémtiging thet péS@ﬂ%ﬁ bf esidaipglapinhictet] by said
0]

el ement |ocated at an output facet sai d support
lzghdenbifog, the optical elenent being in the optical

2ot S eSS SALE) ShS I R et wn
SHBBS S RIAL SIS TS Byt SR qppes sty

tAk dpfigal é18MentBeihgan tAL optibd (Riyls bE lﬁ‘l@%ht_@eﬁh%rhit_ted by said light
wherein the optical unit conprises nultiple optical

souecrent s | ocated at the output facets of said

conpartnents so as tqQ be in the_optical paths of |aser
beanstleni t tog SpsfeRapll Ay s@pe 0 Glairm o §9sf% rﬁvhﬁreah;?ﬁe support

one ins_ 11 ta. 12, reip. e f ' . .
B55mBhe ed el ety 7 16 150 58, e S Parcpents containing
RAHS PRRE SYAha iRy s@ircbhe optical el ements being

| ocated at the output of said conmpartnent. 14. The

syst etd.of Himy sybtep ecfedllagn C hi mehereinetled ropgaiall unit comprises
optical unit includes a plurality of |enses. 15. The

wylidenoptical lements logpied af theaemubfaceheo! srdeompartments so as
L TN A R

C 21 T MOPSShER, O tho A dECIN PO Al g of s
ddigpdraseiits icadiaiid amarray of the lasers, a corresponding array of the optical
elements being located at the output of said compartment.

14.  The system of any of preceding Claims, wherein said optical unit
includes a plurality of lenses.

15. The system of claim 14, wherein each of the lenses is associated
with a-corresponding one of lasers of the light source.

16.  The system of any one of preceding Claims, wherein said window
is covered with an antireflective coating preventing back reflections of the laser
radiation.

17.  The system of any one of preceding Claims, wherein said window
is oriented in respect to the optical path of the lightv emitted by said light source
with a certain angle preventing light back reflections.

18.  The system of any one of preceding Claims, wherein the optical

unit comprises one or more optical elements associated with one or more lasers
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17. The system of any one of preceding O ainms, wherein
said window is oriented in respect to the optical path
wobtoowiessht ght emtted by said |ight source w tPCHIL2006/001378

certain angle preventing |ight back reflections. 18.
The system of any one of preceding Cains, wherein the
optical unit conprises one ojynore optical elenents
associated with one or nore lasersfor affecting the

di ver genc nd/ or the angl.e of .prapagati on of. one or
fr Lol Bgdne BeRenCEgn ot eld b PR e P SF off ardhare laser
vidg optical elenents carry out one of the follow ng:
%ination, focusi ng, and reduci ng the beam

di veygencehe 30sterhh6f ClsineT8, afherbi thie bptichthelesientst dagry out one
optical elements focus at |east one | aser beamin one

obthet foblosiiingnsilbmatio, 1 focubiags grsd eadusingaiig beam difvergence.
precedi ng_Clains, c riSj a wavel engt h-sel ecti ve

P L 20. uoThe symemyor GIRE L qHeram Berapical Sleurents vys gt least
wayel engt h.ran 3 oupd that emtted by said

Op¥ E%Fr E%%}P&%Pngf?r?‘&oﬁe}]?‘leg%@ﬁ%g al | other wavel engths.

22. 3§e Sypkesy@EmCdH !Eh?lon@’_n@f epl’écééﬁh? iClhin®y, Wbiprising a
conprises a stack of dielectric materials with o
waivEfepptnselective effitaf unéf canfiparedandd oopérablek Hes seansmitting a
23. The system of any one of pr ecedi_ng;iégéc’lmai ns, wher eiH )
weaelengtlyrange ot aed sradihet emittesd by prid lightisewisguphale reflecting

L@iers arrlar;%gd in a one-, two-, or three-di-nensional

a lggy._wyzp_c.% Ssystem of any one of preceding d ains,

wher ghn Sgiyd sll%b%lfﬁ $QYLES 29 0NNk SR SaRt filtEAGAit Wdehprises a stack
monol i t hi ¢ 'sem conductor [aSer bar. 25. The system of
ofdieleditic hatprigle adithn diffdrehnimdicds exfeefrastiordand/ghthiclmnesses.
conpri ses a sem conductor |aser emitti r&ﬁ in at_ least . .
one 8B.ni dhensystem ohangrane ehneeeadsis Glamee. wheremmsaid light
system of any ong. of precedin ai ns, wherein _said

shuge CopmmEe aonints sBraroriier e anlRE il anghes, two-, or
t@é@&fi&%%i@h@’ar% ferent emission spectra. 27. The

system of any one of preceding Cains, conprising an

opti @3l The system of any one of preceding Claims, wherein said light

source comprises at least one monolithic semiconductor laser bar.

25.  The system of any one of preceding Claims, wherein said light
source comprises a semiconductor laser emitting in at least one of mid and far
infrared wavelength range.

26. The system of any one of preceding Claims, wherein said light
source comprises at least two lasers having substantially different emission
spectra.

27. The system of any one of preceding Claims, comprising an optical
fiber unit optically coupled to said optical window of the cooling chamber, the
fiber unit comprising at least one multimode fiber collecting at least two of laser
beams emitted by multiple lasers.

28.  The system of any one of preceding Claims, wherein said light
source emits at least two laser beams and said optical unit projects these beams in

at least two substantially parallel laser beams emerging of the cooling chamber.
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fiber unit optically coupled to said optical w ndow of
the cooling chanber, the fiber unit conprising at

wo e@swesnze nul tinode fiber collecting at | eastPCTL2006/001378

| aser beans emtted by nmultiple lasers. 28. The system
of any one of preceding Cains, wherein said |ight
source emts at | east two Ia§@r_ beans and said opti cal
unit projects these beams in at |east two

S AL TR R —
?élfél fi’ések géﬁlfgsfs%eﬁiﬁg%ﬁ{‘ﬁir@é ﬁgg}guﬁ%nbﬁiﬁe than %d%gree

nmprise be rections nore

1 demoee B sydiemsystaam ofe afypreceling Qhansdivhgrein said light
C ainms, wherein said light source emts at |east two
somesr ebiia s leastl twai lasesphdaces andisaids opfinadamitafoguses said at least

| egst two | aser. beans o intersecting focus spots.
typ AR e§9‘§t18fﬁ @?eréﬁgprtg,@cgg SB?Ecedi ng O ai s,

con‘p 3| n e .
ali g %ﬂ/&?ﬁxt EF%H% (I)ﬁ%ﬁgg?ﬁ élfrlg ou Si degﬁh rselg a light
RAth %ﬁﬁéﬂ(ﬂiﬂrﬁﬁt taRcommioda@sd atta ligAsbugne &f tHeheooling chamber
foll owm ng: diverging a |ight beam projected fromthe

antsitle niperdodmined  comfiguesdedei eayry heutl agheasbeemn wifdthe. following:
32. The system of any one of preced ng
divsrging Areht beagnpratestade ipEh s CORIRS sEamiD eaBgreaing  the

ut of the cooling chanber outside thereof
o3 LD

ed to carry out at |east one of the

fol | 3y Ng:TIROBYSAERI B aBy Ib&ﬂbf&ﬁ@é@d@ﬁ%@%ﬁg éérﬁ?ﬁbﬂﬁg a light
cool i ng chanmber or decreasing the beam wi dt h.

t@3am ERpasdest wmit ca‘cc@nmodaﬁedl abra Bght \mqnm of $la @obﬁa@ chamber
expander unjit has tical elenents novable wt

Q‘%@é@cﬁhef%) feald o5 Qurec{ ﬁ@r @wyamtom rleaSit oPnE wine}%éollowmg :

f I d
Pryriite angrohuleanorrid B BRCeRIE REHAER: OL gifctsine the
Pﬁﬁ YPRRARr unit thereby enabling for conpensating
gnnent i naccuraci es inside the cooling chanber.

34. '338 syBliesynémaofy Chaien 61 &f 32,nwharein tsald%cammmpander unit
sai d beam expander unit is novable wth respect to

has omitisgl @m@@s meviahle byith (respgch do fegeh «ibergitherehy allowmg for
qlhlggglfngbagj st ofie o‘% aaILocgf algge an aadlgecrﬁ%ﬁtof%alcf) flghc'tabeam projected
from the cooling chamber, said beam expander unit thereby enabling for
compensating for alignment inaccuracies inside the cooling chamber.

34. The system of any one of Claims 31 to 33, wherein said beam
expander unit is movable with respect to the cooling chamber, thereby allowing
for changing at least one of a focal plane and a direction of said light beam
projected from the cooling chamber, said beam expander unit thereby enabling
for compensating for alignment inaccuracies inside the cooling chamber.

35. The system of any one of Claims 31 to 34, wherein the beam
expander unit comprises a single magnification unit for all the light beams
emerging from the cooling chamber.

36. The system of any one of Claims 31 to 35, wherein the beam

expander unit comprises first and second sets of deflectors, the first set of
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projected fromthe cooling chanber, said beam expander
unit thereby enabling for conpensating for alignnent

WO p@coessari es i nside the cooling chanber. 35. HGBIL2006/001378
system of any one of Clains 3 1 to 34, wherein the
beam expander unit conprises a single magnification
unit for all the light beans,gperging fromthe cooling
chanber. 36. The system of any one of Clains 3 1 to

deflecihes SetetinE d8r| QECORe Hee Fearet Qherediendr e sejfs Cooling
C‘ﬁg&"b@{. b%h nbeglér{de%tﬂ ng |ight beans energing fromsaid
co a 0

er on the second set. 37. The system of

c al 719735 THeSBten OFCIARA MBS Waiéiarthe maguifiopids asit @omprises
first lens confi %ured for focusi ng at | east one of the .
d ﬁr@éﬂenseamﬁglmmh fosusing atdaast ook of tharlgger Hegmst and a second

169 oF potest Srcabriainoss FopallEHRENB shediaset peim "
confl Ur edran s? F 3O Cfaih BnWh%?éﬁ tﬁ@ ?Ecﬁ?tlmﬁtgﬂ?ed and
et

mul ti"pl'e para | aser ean’s

dﬁé@iﬁlé‘ %o QH@'@E@' spa%%s bEﬁﬁeéiVﬁieeﬂﬂum I@rparﬂ[@ 1@§er beams emerging
precedi ng C ains, wherein said opt| cal unit conprises
faomdhe ccalhngblmmb@r made from at Ieast one of the

foll owing materials: gerrmnlli~ E

sili ¥, Hﬁpﬁ(sﬁ%m QT &0 08F | darec aiths. Whereingaid optical

LB% tcggipgfﬁneﬁ " @ agf g%meg mggeg %ﬁnmfstt 1%%?[:02{& of"ﬂlg following
BARERRS g‘Eiﬂl%nﬁfrﬁ M7&ISel €8s, Q‘aF °§1lfc’6ﬁ fs%biﬁ_l‘ﬁl“é nﬂlsed silica, and

mat eri als: germani um  ZnSe, CaF2, l'icon,

hire, fused silica, and quartz 41. The system of
any one of preceding C ains, wherein said Ilght source
conprdlses Ehes &yﬁt@rarm%@mﬁopnﬁaﬁd?reéﬁmgu%lmﬁ wherei spighoptical

‘%fné?'sﬁ@% St idtnas Herp oDl Shagine BaRiGoRbatjer qpc of the
f
i%}lece ?g&ljﬁ%r?%f %ﬁg & %H% gﬁ?i’ BAEY! sifitdn Mipphlre, fused

silica, and quartz.

41. The system of any one of preceding Claims, wherein said light
source comprises a semiconductor laser emitting in 3-5 micron wavelength
range.

42. The system of any one of preceding Claims, wherein said light
source comprises a Quantum Cascade Laser.

43. The system of any one of preceding Claims, wherein said light
source comprises an InP based laser with AlInAs/GalnAs active layers.

44. The system of any one of preceding Claims, wherein said cooling
unit is a cryogenic Stirling cooling unit.

45. The system of any one of preceding Claims, wherein said ‘cooling
unit is a cryogenic Joule-Thompson cooling unit.

46. The system of any one of preceding Claims, wherein said cooling

unit is a cryogenic Pulse Tube cooling unit
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source conprises an I nP based |aser with Al lInAs/ Gl nAs
active layers. 44. The system of any one of preceding
w@k@ims3s4mherein said cooling unit is a cryogePCT/IL2006/001378
Stirling cooling unit. 45. The system of any one of
preceding C ains, wherein said cooling unit is a
cryogeni ¢ Joul e- Thonpson caoojjng unit. 46. The system
-of any one of preceding Cains, wherein said cooling

unit i s a,gcryogeni ¢ Pyl se Tube coolimg unit4r, T . .
yst & of Thy SFegt odbar Ty bhi REocsiils ity Wierein said
Mi | Gt BRI RBAductor lasers.
Sé&ﬁﬁoﬁgﬁgggyr%néﬁgn ucl%ég?%lggrggr%m%%%me ! yst em of ‘?ﬁ]ﬁr asers
of pagcediThg & aems ofwagy ebfi metedingolClaienpewhersie said cool
| ower than 170K. 49. The system of any of preceding
tephpdragire whiovesrthamil 08 ool tenperature is | ower than

140K, 50. | aser nmoqul e for use i.n an.aptical system
ut1 1 195 ng TB8oRT G0 a 288 rPh HIGEdBE CIEES: pAbStP; e cool
| e conprising: a support
te?s@%%ﬁ%@r&p@ﬁ@%g@% | east two spaced- apart
conpgpt men fasepelbdidd el éenth ah dpeieal syste@n utilizing cooling of a
sem conductor |aser, and an optical unit includjng
sapidondiicter dasenttmsed light dowtce; the byehutodude eomparsingjagsupport

compartnents, the | aser nodule being configured.to he. .
s EISOETRE At obbr? AgacadamEt COmpaRIeFach Somining at

di e i a : - for '
o6 Bk ey B PR Poad i hpticel, G RhORAILY bpHER Eloments
mhrfed i2@theSOMDPEE fABRKE a8l SuldatoBpiRRRAsatHE Elab&Wafodule being

than 240K, the nethod conprising at |east partially )
configeredi todesmiodntebld amide @ceokeachambeeof an anweyadipmgter being

chamber. 52. The nmethod of C aim 51, conprising
l?ﬁésﬂéﬂmé CLaid at | east one beam through a convergi ng

| ens..,53. ,.The d of . ' r [i-Sj . .
pase st i HetrstiRd ToGpShL i pRAcf 2Lds3ited G EREBA M light being
p%‘t[&%?hbcf abﬁi‘gﬂ’c %6ﬁﬁiéd8%erﬁfhn§ -at o4 terhiperaBleh Revé&! iRy 240K, the
one o al 5 1to 53, while cryogenically
method comprising at least partially converging said at least one beam while in a

cooling chamber.

52. The method of Claim 51, comprising passing .said at least one
beam through a converging lens.

53.  The method of Claim 51 or 52, comprising passing the light output
from the cooling chamber through a beam expander unit.

54.  The method of any one of Claims 51 to 53, while cryogenically
cooling said cooling chamber's inside.

55. The method of any one of Claims 51 to 54, while maintaining
vacuum conditions within the cooling chamber.

56.  An optical projection system operating with a light source cooled to
a temperature lower than 240K, said system being substantially as described herein
with reference to the drawings.

57. A laser module for use in an optical projection system, said laser

module being substantially as described herein with reference to the drawings.
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